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Abstract Respiratory monitoring is important in the care of children with acute respiratory
failure. Therefore, its proper use and correct interpretation (recognizing which signals and
variables should be prioritized) should help to a better understanding of the pathophysiology of
the disease and the effects of therapeutic interventions. Also, ventilated patient monitoring,
among other determinations, allows evaluating various parameters of respiratory mechanics,
knowing the status of the different components of the respiratory system and guiding the
adjustments of ventilation therapy.

In this review, the utility of several techniques of respiratory monitoring including conven-
tional respiratory monitoring and more recent methods are described. Moreover, basic concepts
of mechanical ventilation, their interpretation and how the appropriate analysis of the infor-
mation obtained can cause an impact on the clinical management of the patient are defined.
© 2016 Hospital Infantil de México Federico Gomez. Published by Masson Doyma México S.A.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Monitorizacion respiratoria del paciente pediatrico en la Unidad de Cuidados
Intensivos

Resumen La monitorizacion respiratoria representa un importante rol en el cuidado del nifio
con falla respiratoria aguda. Por tanto, su apropiado uso y correcta interpretacion (reconociendo
qué senales y variables deben ser priorizadas) deberian ayudar a un mejor entendimiento de la
fisiopatologia de la enfermedad y de los efectos de las intervenciones terapéuticas. Asimismo, la
monitorizacion del paciente ventilado permite, entre otras determinaciones, evaluar diversos
parametros de la mecanica respiratoria, conocer el estado de los diferentes componentes del
sistema respiratorio y guiar los ajustes de la terapia ventilatoria.
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En esta actualizacion se describe la utilidad de diversas técnicas de monitorizacion respiratoria
incluyendo métodos convencionales y otros mas recientes, se definen conceptos basicos de
mecanica ventilatoria, su interpretacion y como el adecuado analisis de la informacion puede
ocasionar un impacto en el manejo clinico del paciente.

© 2016 Hospital Infantil de México Federico Gomez. Publicado por Masson Doyma México S.A.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

The objectives of mechanical ventilation (MV) have changed
over the course of the last few decades'™> (Table 1). Since
they are beyond the exclusive adequacy of gas exchange,
the treating physician should achieve the monitoring of a
set of physiological parameters, in addition to the possi-
ble alterations that cause lung damage or distant organic
dysfunction.

The ideal clinical monitoring should describe anatomi-
cal and physiological changes at the regional level, should
be noninvasive, fast processing and available at the patient
bedside.

Currently, multiple parameters deliver objective data,
which allow to evaluate specific therapeutic interventions,
establish diagnoses, goals and avoid complications caused
by dynamic changes in the patient.

In the critical patient, the monitoring of respiratory
mechanics is emphasized to adjust the strategy and person-
alize the prescription of the MV. However, this is just one of
the aspects to be evaluated.

The objective of the present study was to review the
evaluation of gas exchange, the main available monitoring
techniques, maneuvers and respiratory mechanics calcu-
lations and studies in the pediatric patient. Multimodal
monitoring to consider in the ventilated patient is summa-
rized in Table 2. Finally, future modalities of monitoring,
particularly biomarkers, are discussed.

2. Clinical monitoring

As in any medical act, the adequate inspection of the patient
in MV is significant. Once the endotracheal intubation is
performed and the patient is connected to the ventilator,
chest expansion, pulmonary auscultation, and peripheral tis-
sue perfusion must be evaluated. The physician can assess
whether the ventilation support is suitable for the demand
of the patient through the verification of indirect signs,
such as sweating, tachycardia, and hypertension (adrenergic
response).

It is important to note that auscultation should be
understood as a complement to more accurate diagnostic
methods. Two centuries have passed since René Théophile
Hyacinthe Laénnec (1781-1826) invented the stethoscope,®
which became an element of immediate availability and
diagnostic support. Nevertheless, it presents some draw-
backs since the interpretation of the information obtained
is subjective and of scarce consistency.” Therefore, it is

considered as a more descriptive than a quantitative instru-
ment in pulmonary assessment.

2.1. Basic respiratory monitoring

Considering that acute respiratory failure is one of the main
causes of admission in the pediatric intensive care units
(PICU), the continuous monitoring, reliability, and accuracy
of different respiratory parameters both in the admission
and the posterior follow-up of the patient allow the early
detection of an acute respiratory failure. Also, the eval-
uation of the need of ventilator support, the response to
treatment, the decrease in the associated complications
with MV, the optimization of the patient/ventilator interac-
tion, and the determination of the moment when the patient
is in condition to weaning. However, the monitoring by itself
does not imply a specific management for the patient nor
leads to a determined therapeutic result. Everything will
depend on the knowledge and the ability of the person who
interprets the information.

In general terms, indicators of gas exchange, such as
oxygenation, ventilation, dead space and those relating to
pulmonary mechanics should always be assessed.

3. Fundamentals of mechanical ventilation
monitoring

3.1. Mechanical properties of the respiratory
system

Three basic concepts will be defined to understand the
behavior of the respiratory system: the unit of volume
displaced per unit of time, referred to as flow; the oppo-
sition to the flow of air caused by the friction forces, as
resistance; and the force that a gas exerts on a surface,
as pressure. Considering that the displacement of a gas
always occurs in response to pressure gradients—whether
caused by the contraction of the respiratory muscles, or by
the action of a mechanical ventilator, the transrespiratory
pressure gradient between the upper airway (P,,, airway
opening pressure) and the existing at the alveolar level (P,y)
determine the magnitude of both inspiratory (P, > P,y) and
expiratory flows (Pay > Pyo) (Fig. 1A).

As is well known, the Hagen-Poiseuille law designates
that a relative decrease in the radius (r) produces a
noticeable increase in the resistance of the respiratory
system (Ry) (Fig. 2). The constant of proportionality is a


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Respiratory monitoring of pediatric patients in the Intensive Care Unit 151

Table 1  Clinical and laboratory objectives and complications to monitor in mechanical ventilation.

Appropriate gas Keeping lung volume Decreasing Tissue Patient/ Avoiding
exchange respiratory work oxygenation  ventilator complications
improve- synchrony
ment
Reversing hypoxemia  Functional residual Reversing muscle Redistribution Comfort MV-induced damage
(Pa0;) capacity fatigue of flow from
respiratory
muscles
Fix acute respiratory End of inspiration Reduce cost of = = Dynamic
acidosis (PaC0O;) volume ventilatory O, hyperinflation
(VOy)
Increase protective - - - Increased dead space
distensibility and Hemodynamic
optimal recruitment deterioration (DO;)
(ARDS) Prevent

diaphragmatic injury

Pa0,, oxygen arterial pressure; MV, mechanical ventilation; PaCO,, carbon dioxide arterial pressure; VO,, oxygen consumption; ARDS,
acute respiratory distress syndrome; DO,, oxygen delivery.

Table 2 Multimodal monitoring to consider in the mechanically ventilated patient.

| Patient Physical examination (inspection, palpation, auscultation)
1l Mechanical ventilator Parameters Mode VC: PIM; Py
PC-PS: V.

V¢ inspired vs. V. exhaled: leaks

Pressure: fixed or variable PIM-PS: speed of pressurization

Pp

PEEP

Orientation: Cs, Rs and CT

Mandatory RR vs. spontaneous RR: auto-triggering vs. spontaneous

FiO,

Ti: duration and pressurization

Slope-flow: fast-slow

Inspiratory shot: auto-shot, ineffective effort, delayed shot

Expiratory shot: delayed cycle, premature, double shot
Graphics Pressure Pressurization speed

Crs; Rrs; CcT
Volume Leak

Forced exhalation
Flow Pressurization speed

Flow at the end of inspiration: pause time
Entrapment: inspiratory and expiratory pause
Ties Air entrapment
Leak
Cs dynamic
Special tests Inspiratory pause: Cs, Ris, CT. Dynamic entrapment
Expiratory pause: PEEP;
Alarms Programming
] Basic monitoring Pulse oximetry
Arterial blood gas
Capnography
X-ray

VC, ventilation controlled by volume; MIP, maximal inspiratory pressure; Pp, plateau pressure; PC, ventilation controlled by pressure;
PS, support pressure; V, tidal volume; PEEP, positive end expiratory pressure; Crs, compliance of the respiratory system; R, resistance
of the respiratory system; CT, constant of time; RR, respiratory rate; FiO,, fraction of inspired oxygen; T;, time of inspiration; PEEP;,
intrinsic PEEP.
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A. Resistance component Elastic component
Transairway pressure  Transthoracic pressure A E AP P, - PEEP,
AV Vg
B. ¢ oAV Vo _
rs - = - -
AP P, - PEEP, =
<«—Flow x Resistance — «—— Volume/ —»
Compliance
Fig. 3 Mechanical properties of the respiratory system. A.
Equation of elastance of the respiratory system (E;s). Mechani-
\ ) cal property of the respiratory system that relates volume (AV)
T and pressure changes (AP). P,: plateau pressure; PEEP;: total
Transrespiratory pressure o : .
positive end expiratory pressure; V.: tidal volume. B. Equa-
P b ) tion of the compliance of the respiratory system. Compliance
B. Miem*Fms = FlowxResistance+ _ Volume corresponds to the inverse of the elastance. V.: tidal vol-
Compliance

Fig. 1 Determining elements of the trans-respiratory pres-
sure. A. Schematic representation of the determining elements
of the trans-respiratory pressure. B. The equation of motion of
the respiratory system. Pyent corresponds to the pressure gen-
erated by the ventilator and Ps to pressure generated by the
respiratory muscles to expand the rib cage and lungs. When
Pyent =0, it corresponds to a spontaneous ventilation and when
Pmus =0, it corresponds to a controlled mode. The partial venti-
latory support group is located in between these two.

8 xVisc x Length

‘ITXI’4

Fig. 2 Hagen-Poiseuille law for the calculation of the resis-
tance (R). This equation shows the relation between viscosity
(Visc), length (Length), and the radius (r#).

mechanical property of the respiratory system called resis-
tance (R=AP/V’, where AP corresponds to the pressure
gradient and V’ to the flow).

Hooke’s law, which designates that AP is proportional
to the flow change (AV), is useful to analyze the proper-
ties of elastic structures. The constant of proportionality is
the mechanical property of the respiratory system known as
elastance of the respiratory system (E.s) and is defined as
the pressure per unit of volume (Fig. 3A). Usually, in clinical
monitoring, its reciprocal value, compliance (Cs), is calcu-
lated (Fig. 3B). This property determines the value of the
P,y at any time during the respiratory cycle, and it is the
cause of the elastic retractive force of passive expiration.

Finally, inertia is the resistance to deformation of the
pulmonary parenchyma and chest wall, which is almost neg-
ligible in most clinical situations.

Altogether, these variable constitute the mechanical
properties of the respiratory system; therefore, the char-
acterization of each respiratory cycle (measured in the
magnitude of AV or V’, as well as airway and alveolar pres-
sure changes) is the outcome of the interaction of forces
that originate air motion and mechanical properties.

ume; Pp: plateau pressure; PEEP;: total positive end expiratory
pressure.

3.2. Equation of motion of the respiratory system

As mentioned previously, the respiratory system pressure at
any time has an elastic component necessary for the disten-
sion of the pulmonary parenchyma, a resistance component
as the air flows through the airway, and an inertial compo-
nent (negligible for respiratory frequencies less than 1Hz).®

In the spontaneous mode ventilation, the pressure
generated by the respiratory muscles (Pnys) is directly pro-
portional to the tidal volume (V.), to the flow with which
that volume is mobilized, to the resistance offered by the
airway, and inversely proportional to the C. This interac-
tion is described in the mathematical expression known as
the equation of motion of the respiratory system (Fig. 1B),
which establishes the relationship between the pressure in
the airway (P,), the elastic component, the resistance com-
ponent and the effort of the inspiratory muscles.® Thus, the
interaction between the ventilator and the patient is ruled
by this equation. Therefore, the importance of the equation
of motion is based on the following principles:

1) It expresses the volume and V’ at any moment of the
respiratory cycle (determined by C,s and R, as explained
previously)

2) It indicates the Py, or the ventilator pressure in a cer-
tain inspiratory time (T;) with a particular V’ to cause an
increase in lung volume exceeding the load (C;s and Rys).

In simple terms, the positive pressure created by a venti-
lator opposes another force of different magnitude: on the
one hand, related to the air flow resistance offered by the
tracheobronchial tree [resistance component, including the
instrumental pressure (trans-airway pressure)]. On the other
hand, related to the increase in the volume of the functional
residual capacity (FRC), which corresponds to the strength
of elastic retraction of the pulmonary parenchyma and chest
wall [elastic component (trans-thoracic pressure)].

It should be considered that in a partial or assisted
ventilation mode, the respiratory work is shared by the
respiratory muscles as well as the mechanical ventilator,
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Table 3 Characteristics and limitations of available techniques for monitoring ventilation.

Monitoring technique

Continuous vs.

intermittent

Specific situation

Potential utility

Limitations

Ventilator pressures
(MIP-regulated by
pressure-P,-regulated
by volume)

Curves on the ventilator
(pressure, flow and
volume/time)

Respiratory mechanics

Pressure/volume curve
(static and dynamic)

Extravascular pulmonary
water

Hemodynamic
monitoring

Lung volumes

Electrical impedance
tomography

Continuous

Continuous

Intermittent

Intermittent

Intermittent

Continuous or
intermittent

Intermittent

Continuous

All patients in MV

All patients in MV

Passive patients

Passive patients

Pulmonary edema

Patients with
hemodynamic
compromise in MV

Patients with
restrictive
pathology
Patients with
restrictive
pathology

Accuracy of the
support

Accuracy in the
respiratory times

Obstructive and
restrictive
pathology

In restrictive
pathology

Diagnosis of high
vascular
permeability
edema

Helps to
understand
hypoxemia and its
consequences
Evaluation of
ventilation and
recruitment
Evaluation of
regional
ventilation

Less useful with
patient actively
breathing

Expertise to
interpret the
curves

Less reliable with
awake patients

Complex, sedation
and relatively
homogeneous lung
needed

Invasive approach

More or less
invasive

Requires passive
patient

Need for specific
device

MIP, maximal inspiratory pressure; Pp, plateau pressure; MV, mechanical ventilation.

and it increases with the presence of an intrinsic positive
end expiratory pressure (PEEPi).

Therefore, the following variables and constants can be
identified:

e Variables: Pressure, V’ and V., which change constantly
(are manipulated by the ventilator).

e Constants: C;s and R, which usually remain unchanged in
the healthy patient.

Regardless of the use of any ventilation mode, the oper-
ator should consider that ‘‘if the ventilator controls the
volume, the pressure should be monitored’’ or ‘‘if the
ventilator controls the pressure, the volume should be mon-
itored.”’

4. Monitoring techniques

Currently, it is feasible to have different monitoring tech-
niques for the patient with acute respiratory failure,
although there is still a lack of consensus on the correct pri-
oritization of both signal and variable acquired, the moment
(continuous versus intermittent) and the mode used (statics
versus dynamics). These techniques are useful in specific

situations and have potential advantages as well as limita-
tions (Table 3).

Multimodal monitoring should always be preferred.
Ideally, oxygenation, ventilation efficiency, chest wall
function, patient-ventilator interaction, vascular perme-
ability should be evaluated. Specifically, in patients with
acute respiratory distress syndrome (ARDS), the potential
for alveolar recruitment, alveolar overstretching and the
cyclic opening and closing of alveoli should be evaluated
as well.

5. Monitoring of gas exchange
5.1. Pulse oximetry. Arterial oxygen saturation

Pulse oximetry (Sp0O;) is considered as an essential form of
monitoring in all patients with respiratory problems or at
risk. However, its use has not shown to affect the prognosis
of the patient. It is a non-invasive method of continu-
ous monitoring of percutaneous oxygen saturation (SatO;),
which utility relies on the early detection of hypoxemia.'% "

As is well known, oxygenated hemoglobin (HbO,;) and
deoxygenated or reduced hemoglobin (Hb) absorb and trans-
mit certain wavelengths of the light spectrum: around
660 nm for a red light and around 940 nm to the infrared
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Table 4 Pulse oximetry limitations.

e Variable time lapse (> 15-20 s) to detect acute hypoxemia

e Unreliable measure in situations which alter peripheral
perfusion (shock, cold)

e Poor correlation of PaO; with SatO, > 97% (possibility of
inadvertent hypoxemia) and SatO; < 80% values

e The presence of anomalous Hb gives uncertain values.
MetaHb: values around 85%; COHb: SatO, falsely
elevated values

e Unreliable to assess the initial severity of upper airway
obstruction because it has no utility to detect
hypoventilation

o Artifacts: movement, improper sensor placement,
electromagnetic waves, excessive ambient light, dark
skin, dyes used for diagnosis or treatment (methylene
blue, indigo carmine, indocyanine green), irregular heart
rhythms (mostly tachyarrhythmia)

Sat0,, percutaneous oxygen saturation; PaO,, arterial partial
pressure of oxygen; MetHb, methemoglobin; COHb, carboxyhe-
moglobin; Hb, hemoglobin.

light. These variations are measured by a pulsatile system
based on Beer-Lambert’s law, which correlates the inten-
sity of incoming light with the outgoing intensity after the
absorption in a certain medium, where two LEDs are lit alter-
natively (one for each wavelength). Thus, the light passes
through the arterial tree, and the Sp0O, is determined by the
proportion of red and infrared light reaching the detector
(R/Ir), which allows the estimation of the SatO, in blood."

For an optimal interpretation, an adequate perfusion is
essential,’3 as well as light and temperature conditions.'
Sensitivity is usually better with the digital device than with
the handset'#; **false’’ alarms are very frequent in children,
usually because of their body movements.

This method is known for being low-cost, widely avail-
able and it presents few limitations on the reliability of its
information. Regarding its intrinsic disadvantages are the
insensitivity to changes in arterial oxygen pressure (PaO;)
facing high levels of it, and not distinguishing between nor-
mal Hb and carboxyhemoglobin or methemoglobin.

In relation to oxyhemoglobin dissociation curve, it is
almost linear when the SatO; is between 80-97%. Therefore,
the magnitude of the hypoxemia could be efficiently quan-
tified by using the relationship between the saturation and
the fraction of inspired oxygen (SatO,/FiO; index).

The relationship between the SatO,/FiO, and the
PaO,/FiO, (or Kirby index) has been validated in a
heterogeneous sample of critically ill children, and a
strong correlation between both was found.' Therefore,
Sat0,/Fi0O, can be used as a non-invasive diagnostic param-
eter in ARDS. It is worth mentioning that it has a good
correlation in both adult and pediatric patients,’® and it
can be useful to detect noninvasive mechanical ventilation
(NIMV) failures. '

Finally, it is important to keep in mind that this technique
does not replace arterial blood gases in patients with severe
acute respiratory failure. Some limitations of pulse oximetry
are summarized in Table 4.

5.2. Near-infrared spectroscopy

Near-infrared spectroscopy (NIRS) is a form of non-invasive
optical diagnosis, which provides information about oxygen
delivery and demand. Using non-pulsating oximetry, SatO, is
continuously monitored from the fraction of oxyhemoglobin
and deoxyhemoglobin in a volume of tissue.’” The regional
saturation of O, (rSO,) is calculated from the records of the
electrodes on the patient using the following equation:

rSO, = oxygenated Hb/oxygenated Hb + reduced Hb

Variations of rSO, reflect changes in the demand or
metabolic supply of the explored region, which depends on
the cardiac output (CO) and the blood content of O, (Ca0;).
Therefore, a decline of the rSO, means a decrease in per-
fusion or an increase in the extraction of O,. On the other
hand, high values of rSO, can indicate an increase in the
perfusion or a minor extraction of O,. In the clinic, both
situations can reveal pathological states, although the trend
would be more useful than the absolute number.?°

The exact role in the care of the critical patient?"?? still
needs to be defined; however, it can be effective and ben-
eficial as a hemodynamic monitor.2

5.3. Arterial blood gas

Despite there are non-invasive methods for the assessment
of gas exchange, the arterial blood gas measurement is fun-
damental the diagnosis and monitoring of the adequacy of
the respiratory system in critically ill patients, especially
those at risk of developing respiratory failure. The mea-
surement of arterial gases allows the evaluation of the
oxygenation, ventilation and metabolic state. The correct
interpretation is crucial; however, it should be considered
that the arterial punction is intermittent and it requires the
operator skill.

5.4. Partial pressure of oxygen in arterial blood

Several indexes have been used to measure hypoxemia, such
as the alveolar-arterial difference of O, (A-aDO;), Fick index
(Pa0,/PAO,), Pa0,/Fi0,, and blood content of 0,.2* The
most widely used is the PaO,/FiO, index, currently incor-
porated in the definition of ARDS.? The latter varies with
the magnitude of the shunt, patient hemodynamics (mixed
venous pressure of oxygen, Pv0O,), the value of Hb, the dif-
ference in the arterial-venous oxygen content, and Fi0,.?6?’
It should be evaluated in the context of the ventilatory sup-
port employed because it is influenced by MV and positive
end expiratory pressure (PEEP).?’-33

Another indicator is the oxygenation index (Ol), which
shows the ‘‘cost of oxygenating’’ or the intensity of
the ventilatory support. The formula (Ol=[Pnh, x FiO; X
100]/Pa0;) includes the mean airway pressure (Pn,), which
best correlates with the degree of alveolar distension and
oxygenation (properly representing the mean alveolar pres-
sure, except in conditions of increased airway resistance).*
In patients without vascular access, the oxygen saturation
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Table 5 Classification of severity of the acute respiratory distress syndrome (ARDS) in pediatrics according to the degree of

hypoxia.

PaFi=Pa0;/FiO; Ol =FiO; x Pma/Pa0;

‘SF= Sat0,/FiO;

" 0SI=FiO; x Pma/SatO,

< 100: severe ARDS
100-200: moderate ARDS
200-300: mild ARDS

> 16: severe ARDS
8-16: moderate ARDS
4-8: mild ARDS

< 264, equivalent to PaFi < 300
< 221, equivalent to PaFi < 200

> 12.3: severe ARDS
7.5-12.3: moderate ARDS
5-7.5: mild ARDS

These indexes should not apply to children with cyanotic congenital heart disease.
PaFi, blood pressure of oxygen/inspired oxygen fraction ratio; Ol, oxygenation index; PaO,, partial pressure of blood oxygen; FiO,,
fraction of inspired oxygen; Pma, mean pressure of airway; SF, oxygen saturation/inspired fraction of oxygen ratio; OSI, oxygenation

based on saturation index.

* To calculate SF and the OSI, adjust FiO; for saturation > 90% and < 98%.

index (OSI=[FiO; x Pnh, x 100]/SatO;) can be used as an
alternative to evaluate hypoxemia.'®

A recent consensus of acute lung injury in pediatrics
recommends Ol over the Pa0O,/FiO, as a primary measure
of severity to define pediatric ARDS. If this is not available,
the use of the OSI to stratify the risk is recommended.'® The
classification of the severity of ARDS according to the PaFi,
Ol, OSI, and SatO,/FiO, can be observed in Table 5.

5.5. Partial pressure of CO,

The alveolar pressure of CO, (PACO;) is the parameter that
best defines the pulmonary ventilation status, and depends
directly on CO, production and inversely on alveolar ven-
tilation. Since CO, spreads quickly through the alveolar
membrane (20 times faster than oxygen), PACO; is in equi-
librium with the blood pressure of CO, (PaCO,). Therefore,
PaCO, is considered as the simplest method to evaluate
ventilation.>

5.6. Transcutaneous monitoring of CO,

Transcutaneous monitoring of CO, (transcutaneous carbon
dioxide, tcPCO;) emerged from the need to continually
assess alveolar ventilation without requiring the repeated
evaluation of blood gas (standard procedure). Since the cor-
relation of partial pressure of CO, end-expiratory (end-tidal

A.
EtCO,
z 11 <End of
© exhalation
kel
x
2 Il
= \Y
o
£ :
[
© Inhalation
|
A ]
Time

Beginning of exhalation

CO;, concentration, EtCO,) with the PaCO, can be affected
by several factors, such as alterations in the ventilation-
perfusion relationship (V/Q), use of small V., etcetera, it is
also an alternative method.

In relation to technical aspects, tcPCO, sensors heat the
skin at a temperature of 42-43 °C, which generates a vasodi-
lation of the capillary bed, and leads to an approximation of
the arterial and capillary pressure of CO,. In addition, this
vasodilatation facilitates the dissemination of CO, from the
capillary to the membrane of the monitor, resulting in the
reading of the tcPCO,. Externally applied heat alters the sol-
ubility of CO; in blood, and increases the metabolic rate of
the tissue in about 4-5% per Celsius degree; therefore, the
local production of CO, increases, which is corrected using
a factor.

Although it has been most frequently used in the newborn
patient, technological development has led to its appli-
cation outside the neonatal population, specifically in the
continuous evaluation of ventilation for respiratory failure
in patients requiring intubation, as well as during high-
frequency oscillatory ventilation, where surveillance of the
EtCO; is not feasible.3¢

5.7. Capnography

Capnography is the standard method that allows monitoring
the blood elimination of CO, during the respiratory cycle,

B. > Normal
S
% +—» Obstructed
3
©
5 l » Higher obstruction
Qo
c
(&)
/’”7,1 » Complete obstruction

Fig. 4 Capnogram graphics. A. Normal capnogram. Phase I: end of inhalation and beginning of exhalation (dead space ventilation).
Phase IlI: rapid rise of CO; at the beginning of exhalation by the elimination of CO; of the dead space mixed with alveolar CO,. Phase
Ill: alveolar plateau. The exhalation of the CO, from the alveoli takes place. It reaches a peak where the partial pressure of CO; is
the highest. Phase IV: partial pressure of CO, decreases rapidly at the beginning of the inspiration. PCO, corresponds to the partial
pressure of CO; and EtCO, (end tidal CO, concentration) to the partial pressure of CO; at the end of the exhalation. B. Morphologic
changes in the capnogram and the percentage of CO; in time according to the magnitude of the airway blockage.
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Table 6 Techniques and parameters for the monitoring of gas exchange.

Technique/parameter

Specific situation

Advantages

Limitations

Pulse oximetry
(Sat0;)

NIRS (rStO;)

All

o Perioperative

o Intensive care

Detection of
hypoxemia

Non-invasive monitoring of
VO, and microcirculatory
function

Misinterpretation in

e Septic shock

e Alteration of
peripheral circulation
e Carboxy/metahemo-
globinemia

o Radial artery flow
occlusion

e Delivers information

Arterial blood gas All

Capnography (EtCO;) o Ventilation and airway
monitoring

e Hiccups and
hyperventilation
(transport) detection

o Obstructive problems

e Neuromonitoring

Transcutaneous CO, All
(TcPCOy)
Volumetric ARDS

capnography (EtCO;)

only at a local level
Diagnosis and monitoring o Repeated sampling
of respiratory and
metabolic system
e Quantitative and
qualitative information
e Accuracy of the
support

Excessive leak by ETT

Non-invasive monitoring Relatively high costs
o Calculation of dead
space

e Adjustment of the
PEEP

Complex analysis

The situations where they are used, as well as their advantages and limitations, are indicated.

SatO,, oxygen saturation; VO,, oxygen consumption; NIRS, near-infrared spectroscopy; EtCO,, end tidal CO; concentration (CO, partial
pressure at the end of the exhalation; TBI, traumatic brain injury; ETT, endotracheal tube; TcPCO;: transcutaneous partial pressure CO;;
ARDS, acute respiratory distress syndrome; PEEP, positive end-expiratory pressure.

continuously and in real-time. Its graphical representation
corresponds to the capnogram, which provides qualitative
information about the ventilation and perfusion scan.

Usually, four phases are described (Fig. 4A). Phase llI
(often referred to as plateau) shows EtCO,, which repre-
sents the removal of CO, from the alveolar gas and provides
an indirect measure of PaCO,.

The normal difference between the PaCO, and the EtCO,
(arterial-alveolar gradient of CO,, a-ACO,) is 2-3mmHg
(PaCO; 40 mmHg and PACO; 37-38 mmHg). When ventilation
and pulmonary perfusion are adequate, the a-ACO; is small;
therefore, EtCO, can be used to monitor the patient since
it reflects the PaCO,.

It should be remembered that the pulmonary heterogene-
ity creates regional differences in the concentration of CO,
and that gases from areas with a high V/Q are the first to
appear in the upper airway during exhalation. This sequen-
tial emptying contributes to the increase of the slope of
the alveolar plateau. The greater the heterogeneity V/Q,
the steeper the slope of the alveolar plateau (‘‘shark fin’’
form), which correlates with severity of airway obstruction®’
(Fig. 4B). The gradient between PaCO, and EtCO, is greater
in patients with ARDS and is correlated with different levels
of physiological dead space.® In addition to the ventilator
monitoring, capnography can be used to ensure the correct
endotracheal intubation.

5.8. Volumetric capnography: dead space
calculation

In contrast to the standard capnography, volumetric capnog-
raphy (VC) allows the measurement of the exhaled volume
of CO, in V. (by which the respiratory dead space can be
calculated), adjust an optimal PEEP (thus obtaining a better
oxygenation) and the ventilation and pulmonary perfusion
rate, which vary dynamically in each respiratory and car-
diac cycle. In general, it should be considered that a child
with ARDS presents an increase of dead space,*® whose alve-
olar fraction (Vday) correlates with mortality“>*'; hence, a
prognostic value has been given to dead space. About the
benefits and clinical applications, these are the same as for
the standard capnography.

VC is considered the gold standard for the evaluation of
the effectiveness of alveolar ventilation to the bedside of
the patient since it is the simplest and effective way of
monitoring patients with severe lung injury.

Table 6 summarizes the monitoring techniques of gas
exchange mentioned before.

6. Respiratory mechanics

Not only permanent clinical examination and gas exchange
monitoring are essential for the control of the patient with
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Volume controlled mode
Pressure
MIP

P Resistive
pressure

Elastic
pressure

Time

Flow

Fig. 5 Pressure-time curve in the volume controlled mode.
Resistive and elastic components of the lung are different. MIP
corresponds to the maximal inspiratory pressure, P; to a rapid
drop in pressure after occlusion and P, to the plateau pressure.

invasive ventilation support, but also the monitoring of the
respiratory mechanics must be an integral component of
daily care. This measurement can be carried out in the
patient under static conditions (occlusion techniques) or
dynamic conditions (uninterrupted flow).

Technological advances in the field of MV allow a wide
variety of parameters and graphics in real time, which gen-
erate a more precise monitoring of the patient and help
to minimize complications, optimize patient-ventilator syn-
chrony. Finally, through its correct interpretation, it helps
to achieve more accurate diagnoses, thus, more appropriate
therapeutic approaches.

7. Monitoring of airway pressures
7.1. Peak inspiratory pressure

The peak inspiratory pressure (PIP) is the maximum pressure
recorded at the end of inspiration. It results from the fric-
tional resistance of the airway, and its determining factors
are flow, resistance [including the endotracheal tube (ETT)]
and C.

PIP value must not exceed 30-35 cmH,0. Therefore,
at high pressures, an obstructive problem related to the
patient (bronchospasm, secretions) with the tubing (plug,
torque) or with the use of an excessive inspiratory flow must
be discarded, which significantly affects the value of the
maximal inspiratory pressure (MIP).*?

7.2. Plateau pressure

For the evaluation of the plateau pressure (P,), a pause at
the end of inspiration (flow 0, balance of pressure in the
airway flow) is required, usually from 0.2 to 2 s. This pause
causes that the delivered air volume remains and distributes
evenly in relation to the lung viscoelastic forces, which ori-
ginates a decrease in the pressure of the airway, which in
turn creates a plateau (Pp) before falling to the basal pres-
sure. For this reason, the patient should be well adapted
to the ventilator and without a significant ventilatory effort

(Fig. 5).

Flow
Time
-
Flow does not return to
zero (suspicion of
PEEP)
Fig. 6 Flow-time curve, air entrapment. In the expiratory

phase of the flow-time curve, it can be observed that the flow
never reaches the abscissa axis. For this reason, the presence
of intrinsic positive end-expiratory pressure (PEEPi) should be
suspected.

It must be considered that the P, is influenced by V.,
Cs, and total PEEP, and it represents the pressure of elastic
retraction of the respiratory system (lung and chest wall)
at the end of the inspiratory cycle. It allows the calculation
of the static C.s, and it should repeatedly be evaluated dur-
ing the first hours of connection to MV. Its value is located
below the MIP and should be under 30 cmH,0*; higher values
suggest a deterioration in the C; that require evaluation.

As mentioned before, C, is easily calculated as the ratio
V./(Pn-PEEP). A decrease of this value (high elastance),
as observed in ARDS, represents an insufficient lung tissue
available for ventilation, reflecting the dependence V.-C.*
When a low C, is observed, an increase of the P,, or PEEP
will be noted [limitation of flow or dynamic hyperinflation
(DHD)].

7.3. Distending pressure

Distending pressure or gradient of pressure (AP) is the
difference between the alveolar pressure at the end of inspi-
ration (P,) and the PEEP (AP =P,-PEEP). This definition is
independent of the ventilation mode.

During volume-controlled ventilation, the AP value will
depend on V. and elastance of the chest wall values. AP is
quite close to the transpulmonary pressure (Py,); however, in
the absence of ventilation activity, the transpulmonary pres-
sure is always inferior to the AP. Thus, the AP has a direct
relationship with the V. and P,. Therefore, its importance
lies in that it is a measure of control (or limit) of pressures
applied to the airway to prevent the harm associated with
ventilation. As long as the ventilation therapy is not suc-
cessfully defined in a more individualized form, it is very
important that the distending pressure is, as possible, less
than 15 cmH,0.

7.4. Pressure-time and flow-time curves

The monitoring of the pressure-time (Fig. 5) and flow-time
(Fig. 6) curves is recommended to detect the limitation of
the expiratory flow or patient-ventilator asynchrony and to
handle the precision of the respiratory times.'®
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! 1 0 A. Triggering asynchrony:
\ auto-triggering, ineffective effort,
i 1 Zone of delayed triggering
g ' i alveolar B. Flow asynchrony:
= ! loverdistension 1. Excessive flow
g H H 2. Insufficient flow
. , C. Cycling asynchrony:
1 1 1. Delayed cycling
' ' 2. Premature cycling
' ' Time
1 1
1 1 . . . .
4 T Prossure—> Fig. 8 Pressure-time curve. Types of patient-ventilator asyn-
PEEP ' bt chrony according to the time of the cycle when they occur.
Fig. 7 Static loop pressure-volume (P/V). Representation of

the static loop P/V in patients with ARDS. The hysteresis of
the respiratory system that generates different inspiration and
expiration curves is observed, which means that ‘‘the airway
pressure required to open the alveoli is greater than that nec-
essary to keep them open once they have been recruited.’’
The upper (UIP) and lower (LIP) inflection points can also be
observed, which allow the estimation of the positive pressure
at the end of the exhalation (PEEP) and the optimal tidal volume
(Vo).

7.5. Pressure-volume loop

The static pressure-volume loop (P/V) provides full infor-
mation on the mechanical properties of the respiratory
system. It is obtained using the graphic representation of
lung volume for a particular pressure in the absence of air-
way flow; i.e., without the resistive component. Therefore,
the pressure measurement is the actual elastic pressure of
the pulmonary parenchyma, which allows guiding the ven-
tilation therapy (estimation of C and PEEP adjustment).
Fig. 7 shows the P/V loop components: hysteresis, upper
(UPI) and lower (LPI) points of inflection**-*¢ and* compli-
ance. It should be noted that alveolar recruitment occurs
on a stretch of this loop®®“’ and that both recruitment
and derecruitment occur simultaneously. Moreover, optimal
PEEP should be evaluated in the expiratory branch.

Finally, in the patient with ARDS, there is little conclusive
evidence concerning the prognosis with the use of the P/V
loop®®~>* since it is not easy to measure in the clinic and
its classical interpretation has been challenged by several
mathematical models.

7.6. Patient-ventilator asynchrony

Asynchrony or dyssynchrony can be observed in a patient
with high ventilation demand (severe ARDS) or the patient
without large pulmonary pathology but with an acute
complication, as the ETT obstruction. Asynchrony is clas-
sified according to the phase in which it takes place: at the
beginning (triggering), in the inspiratory phase (generation
of flow), at the point of cycling or the end of the exhalation.

1. In the early or triggering asynchrony, the following can
be found:

o Ineffective triggering. It is related to an increase in
the time of the MV and with a lower probability of
success in the weaning. In this case, the patient will
try to trigger but will not be able to reach the pro-
grammed threshold, creating in this way an increase in

the respiratory muscle workload. A common cause of
asynchrony is an ineffective beginning resulting from
the presence of PEEP;. The analysis of the flow curve
will show a high initial flow followed by an interrup-
tion that does not reach the abscissas axis, revealing
the presence of trapped air volume (Fig. 6) as well.

e Double triggering. This way, double V. is received. The
origin may be caused by a high ventilatory demand
from the patient, or an inappropriate T;.

e Auto-triggering. The ventilator starts a breath not trig-
gered by the patient. The origin of this can be water
in the circuit, mists or a low triggering, among other
causes.

2. Flow asynchrony occurs when the ventilator delivers an
insufficient flow for the patient. In the case of a very low
flow for the patient, a fall during the inspiration can be
detected in the pressure curve. In situations in which the
flow is very high, a peak at the beginning can be detected
in the pressure curve.>*>*

3. Two reasons for the cycling asynchrony can be identified:
the first is a premature cycle, which occurs when the set
T; is too short for the patient. Therefore, the inspiratory
effort can still be present when the T; has ceased. In
these cases, the patient can generate a negative pressure
and activate the trigger, generating a double start.

The second cause is a delayed cycle: the scheduled
T; is too long for the patient. Therefore, the inspiration
ends before the ventilator cycles, or the activation of
the expiratory muscles occurs when the ventilator is still
delivering the inspiratory volume.

4. At the end of the expiratory phase, asynchrony can
occur in conditions in which a delay in the expiratory
muscle relaxation before the next inspiration happens,
or an overlap between inspiratory and expiratory mus-
cle activity. These conditions are verified with neuronal
measures; hence, they cannot be evaluated from the
ventilation graphic.

From the phases described, it is clear that recognition of
patient-ventilator asynchrony is transcendent, and includes
the observation of the patient (anxiety, diaphoresis) as well
as the ventilator curves since it can cause DHI and delay of
ventilator weaning, among other complications.>

A pressure-time curve is presented in Fig. 8, with
the types of patient-ventilator asynchrony. The main
complications derived from this asynchrony are shown in
Table 7.
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Table 7 Main
asynchrony.

complications of patient-ventilator

o Increased breathing work

o Struggle of the patient with the ventilator

o Discomfort of the patient

e Increase in sedation and neuromuscular blockade
requirements

o Respiratory muscle dysfunction: ‘‘muscle damage’’

o Ineffective ventilation, hypoxemia, hypercapnia

e Pulmonary overstretching and dynamic hyperinflation

e Anxiety for the parents or relatives

o Weaning delay

e Extension of the MV

e Extension of the stay in PICU (increased costs and
infection risks)

e Neuromuscular complications secondary to prolonged
immobility

MV, mechanical ventilation; PICU, pediatric intensive care unit.

7.7. Intra-abdominal pressure

Intra-abdominal pressure (IAP) corresponds to the pressure
within the abdominal cavity, and it is determined by three
factors: the body mass index, the position of the patient
and the resistance exerted by the abdominal wall (which
changes according to the respiratory movements).

It should be considered that the IAP is sub-atmospheric
during spontaneous breathing. In contrast, a slightly positive
pressure exists when the patient is ventilated.

Studies have indicated that a sensitivity of only 40% exists
by estimating intra-abdominal hypertension through palpa-
tion. Van Mieghem et al.*® found a poor correlation between
IAP and the abdominal perimeter. Therefore, the clinical
signs for its diagnosis may be absent with a slight increase
of this pressure.®’

It is important to consider that against an increase of
the IAP, some phenomena, such as displacement of the
diaphragm (transmitting such pressure to the lower lung
lobes, modifying the thoraco-pulmonary mechanics and
causing a decrease in C;s), will be generated passively. More-
over, a reduction in the impact of the Py, as alveolar opening
force, and the prevention of closure by transmission of the
abdominal pressure to the pleural cavity. Finally, a reduc-
tion of the FRC, alterations of the V/Q and an increase
in the fraction of the pulmonary shunt will be observed.*®
Furthermore, pulmonary neutrophil activation must be con-
sidered, generating inflammatory infiltrate and alveolar
edema associated with atelectasis by compression, result-
ing in a prolonged MV and a difficult ventilator weaning. In
general, these alterations occur with IAP > 15 mmHg.>®

In every patient in whom intra-abdominal hypertension is
suspected, the monitoring of the IAP is recommended, espe-
cially in those who have received an aggressive resuscitation
with fluids.®°

7.8. Transpulmonary and esophageal pressure

Transpulmonary pressure (Py,) is defined as the difference
between P, and pleural pressure (Pp), (Pip=Paw-Ppt). Pep

is the force which distends the lung (equivalent to stress).
Therefore, it is the main determinant of the deformation
magnitude of the pulmonary parenchyma (stretch). Theo-
retically, using its measurement, a more rational ventilation
support can be administered and, therefore, lung damage
induced by the MV is limited.®'

An estimate of the P, may be possible in the clinic,
replacing the P,, and Py by measuring the P, and the
esophageal pressure (Pes).

In a vertical position, the P¢ is comparable with the Py,
although there are reservations about if it can be approxi-
mated in a patient in a supine or prone position. In addition,
the intrinsic esophageal elastance is not considered when it
is measured.

Experimental studies on ARDS canine models have shown
a good correlation between the changes of the P, (val-
ues) and P for different regions of the lung.>® The authors
suggest monitoring Py, with the use of the P only in
certain clinical situations (obese patients or patients with
abdominal hypertension, severe ARDS and P, > 30 cmH,0).
Currently, scarce publications have reported its usual usage
in the ventilated patient.®>¢

8. Lung volumes

8.1. Current volume

The limitation of the V. and the minute volume (V. x respi-
ratory frequency) have been the subject of discussion and
research in the last decade due to their relationship with
the generation of damage induced by MV. The recommen-
dation for adult patients, based on multiple studies, is to
limit the V. from 6 to 8 ml/kg of the ideal body weight,
regardless of the pathology. In pediatrics, no evidence exists
about this limitation. However, it is suggested to imitate this
behavior with the objective of reducing the recruitment-
derecruitment associated with the use of high volumes, and
the consequent release of pro-inflammatory mediators.

8.2. End-expiratory lung volume

End-expiratory lung volume (EELV) corresponds to the FRC
in the presence of PEEP. In the classical physiology, it is
assessed with the gold standard technique, which is the
helium dilution. However, it is complex and not widely
available. Chest computed tomography (CT) is probably
the standard to measure EELV in the MV patient. Another
alternative method is the ‘‘modified’’ nitrogen wash-
out/wash-in.%

The evaluation of the alveolar recruitment®® and the use
of a protective ventilation®®” are its potential clinical appli-
cations.

It is important to remember that PEEP promotes the
recruitment of nonaerated lung tissue, and therefore
increases the EELV; however, this effect must be distin-
guished from the distention of ventilated alveolar units.
Therefore, in a low recruitment potential lung, the increase
of the PEEP will produce over-stretching of the alveolar
tissue. In contrast, in a patient with a high recruitment
potential when the EELV increases, the V. will be distributed
more evenly in the alveolar tissue with a consequent limita-
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Table 8 Most relevant fundamentals, advantages, and limitations of imaging studies to consider in patients with mechanical

ventilation.
Technique Measurement Advantages Limitations
Chest - o Diagnosis Inter-observer
X-ray e Severity assessment variability

e Detection of

barotrauma

e Location of invasive

devices
Computed e Pulmonary densities e Precise e Patient transport
tomography (air/tissue)

e Air distribution
(indirectly)

o Evaluates pulmonary
homogeneity and potential
recruitment

o Pulmonary air/water
ratio

e Pulmonary

extravascular water

Pulmonary ultrasound

e Pneumothorax

e PEEP setting

o Variations of electrical
impedance

o Distribution of
ventilation (indirectly)
e Thickness of the
diaphragm

o Diaphragmatic
mechanics

o Estimation of the
respiratory work

Electrical impedance
tomography

Diaphragmatic
ultrasound

e Gold standard for o Radiation exposure

research

e Discontinuous

e Complex data analysis
o Low-cost e Less precise than CT

¢ Patient bedside e Learning curve for
some applications
needed

o Artifacts by unknown
mechanisms

e Main use in research

e Low spatial resolution

o Non-invasive

o Etiological diagnosis
Continuous and real
time monitoring

e Main use in research

Non-invasive
monitoring

It is not always easy
to accomplish,
especially on the left
side

CT, computed tomography; PEEP: positive end expiratory pressure.

tion of stretching (protective ventilation). Thus, a method
to evaluate the amount of recruited lung could improve the
ventilation management of the patient, adapting the PEEP
to his individual needs.

Mainly due to technical reasons, the measurement of
EELV is not monitored routinely in the clinical practice.

8.3. Extravascular lung water

Pulmonary edema can be quantified by measuring the
extravascular lung water (EVLW). The extravascular liquid
can be present in the interstice and the alveolar compart-
ment.

It must be considered that the fluid overload is a risk
factor for mortality in the critically ill child.®® Therefore,
the use of a tool that allows the detection and quantification
of pulmonary edema can be beneficial.

The EVLW may be monitored and measured at the bed-
side of the patient using the transpulmonary thermodilution
technique, which is incorporated in the cardiac output sys-
tem by the press index contour cardiac output (PiCCO)
analysis. This system can measure small increases (10-20%)
of the EVLW, demonstrating a high accuracy, which allows

detecting incipient pulmonary edema. The value obtained
in the PiCCO system is indexed concerning body weight
[extravascular lung water index, EVLWI (ml/kg)]. In combi-
nation with other cardiovascular and pulmonary parameters,
it allows differentiating between a hydrostatic or a perme-
ability edema.

A correlation between the EVLWI and radiological find-
ings of pulmonary edema, PaO,/FiO, or DA-a0 has not been
demonstrated yet.

In conclusion, monitoring the EVILW has great clinical
usefulness in pediatric patients who benefit from depletive
therapies, such as the case of ARDS.®7°

9. Imaging

Currently, several imaging studies facilitate the daily work
in intensive care units. The most relevant are described in
Table 8.

9.1. X-ray

The use of this technique is recommended to support the
diagnosis, assess clinical progression and detect adverse
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situations such as displacement of the ETT and verification of
the position of central lines, feeding tubes, among others.'®

9.2. Lung ultrasound

Ultrasound is a non-invasive, non-ionizing, useful tool for
the evaluation in real time of pulmonary pathology at the
patient bedside.”’73

Recently, its use in children for the study of lung, pleura
and diaphragm diseases has increased. The advantage in this
group of patients originated from the lack of ossification of
both costal cartilage and sternum, and the lower layer of
subcutaneous adipose tissue, thus providing an ideal acous-
tic window.”2~74

This technique stands out against X-ray mostly because
of the absence of ionizing radiation, the accessibility of the
equipment and the assessment in real-time. Regarding the
clinics, its superiority over X-ray has been described for the
diagnosis’> and quantification’® of pneumothorax.

In pediatric and adult patients with ARDS, it has been
used to evaluate pulmonary recruitment.”’-’® However, an
important limitation is that it cannot recognize pulmonary
hyperinflation; therefore, it should not be employed as an
exclusive method for the determination of PEEP.””

9.3. Computed tomography

Computed tomography (CT) clinical usefulness relies on the
guidance of a protective strategy for the MV in patients with
severe respiratory failure, allowing the assessment of the
magnitude of the available area for gas exchange’’ and the
alveolar recruitment potential.

According to experts, CT still should be considered as the
gold standard for research but not for routinely performed
on a daily basis in the clinic, given its practical limitations,%
such as the high cost, lack of availability, more radiation and
of the difficulty for the transportation of the patient outside
the unit.®’

9.4. Electrical impedance tomography

Electrical impedance tomography (EIT) is a tool that allows
noninvasive monitoring in real time through the use of
images that represent changes in regional lung impedance
(AZ), which are directly correlated with regional changes
in volume (AZ~V.).® Data are obtained from a belt with
electrodes installed at thoracic level, producing an image
representing the areas with impedance changes. Thus,
using topographic criteria, the clinician can differentiate
between nonaerated and hyperinflated areas, which allows
to assess both the effectiveness of an alveolar recruitment
maneuver®># and the protective ventilation (evidenced in
ARDS animal models) as well as to monitor the redistribu-
tion of the V,?® thus achieving a dynamic adjustment of the
ventilation therapy.

Currently, several problems arising from the anatomical
variability of the rib cage, its low spatial resolution, the
evaluation of only a region of the chest and how to trans-
form impedance into a volume signal persist. However, its
use in the clinic as both a qualitative (view regional ventila-

tion) and quantitative (estimated therapeutic impact) tool
in the mechanically ventilated pediatric patient is expected
to take place shortly.

10. Biomarkers

Although the use of bronchoscopy with bronchoalveo-
lar lavage (BAL) for study and bacteriological rescue in
patients with ARDS purposes is well known,® the cytolog-
ical evaluation and analysis of biomarkers of inflammation,
coagulation, and fibrinolysis is usually reserved for clinical
research.®-8° |t is not always possible to carry out a BAL
since training is required and it may be associated with the
development of hypoxemia or hemodynamic instability.

Several proteins have been suggested as markers in
patients with ARDS,%7-9%9" using systemic levels of lung pro-
teins as markers of alveolar inflammation, and describing
its correlation with prognosis®> and MV-induced damage.®?
Moreover, some mediators of endothelial activation, such
as angiopoietin-2 (Ang-2) and von Willembrand factor
(VWF) have been described as susceptibility and severity
markers.’* Finally, it is worth to mention that the levels of
fibrocytes in the BAL have been correlated with the progno-
sis of the patient.”

Currently, the use of biomarkers that deliver reliable
information to stratify risk, help the diagnosis, provide prog-
nostic information and guide clinical management is in full
stage of research.”®

Based on the above mentioned, the following conclusions
can be specified:

e Every patient admitted to an intensive care unit requires
respiratory monitoring. The type of monitoring will
depend on the pathology and pathophysiology of the
patient.

e The physician should be aware of the potential and lim-
itations of each technique and monitoring operation to
choose the most appropriate for each patient.

¢ In the case of needing ventilation support, a timely and
appropriate monitoring should be considered as the way
to achieve individualized prescription and must be multi-
modal given the overlap of physiologic phenomena.

e The Pa0,/FiO, ratio for the diagnose of pediatric ARDS in
patients connected to non-invasive MV is recommended.
If it is not available, the SatO,/FiO, ratio is suggested.
In the case of patients with invasive MV, the Ol over the
Pa0, /FiO, as the primary metric of severity to define pedi-
atric ARDS is recommended. If this not is available, the use
of ISO to stratify the risk is recommended.

e The continuous monitoring of exhaled V. and inspira-
tory pressure (MIP in pressure modality and P, in control
volume) during invasive MV in children with ARDS is
recommended to prevent harmful ventilation. The lat-
ter should be interpreted cautiously in patients with
suspected atypical thoracic compliance or spontaneous
ventilation.

e The continuous monitoring of the exhaled V. and inspi-
ratory pressure is suggested, as well as the delivery of
oxygen, C,s, and hemodynamics as levels of PEEP increase.
Also, AP must be considered since it has a direct relation-
ship with the damage induced by MV.
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Finally, no form of monitoring that improves by itself the
prognosis of the patient exists; therefore, it will depend
on a proper treatment, based on the correct use of the
received information.

Conflict of interest

The authors declare no conflicts of interest of any nature.

References
1. Donoso FA, Arriagada SD, Diaz-R.F., Cruces RP. Ven-
tilacion mecanica invasiva. Puesta al dia para el

10.

1.

12.

13.

14.

15.

16.

. Donoso FA, Cruces

. Gattinoni L,

médico pediatra. Arch Argent Pediatr.
http://dx.doi.org/10.5546/aap.2013.428.
RP. Dano pulmonar inducido por
ventilacion mecanica y estrategia ventilatoria conven-
cional protectora. Rev Chil Pediatr. 2007;78:241-52,
http://dx.doi.org/10.4067/50370-41062007000300002.
Carlesso E, Caironi P. Stress and strain
within the lung. Curr Opin Crit Care. 2012;18:42-7,
http://dx.doi.org/10.1097/MCC.0b013e32834f17d9.

2013;111:428-36,

. Dreyfuss D, Saumon G. Ventilator-induced lung injury: lessons

from experimental studies. Am J Respir Crit Care Med.
1998;157:294-323.

. Plotz FB, Slutsky AS, van Vught AJ, Heijnen CJ. Ventilator-

induced lung injury and multiple system organ failure: a
critical review of facts and hypotheses. Intensive Care Med.
2004;30:1865-72.

. Roguin A. Rene Theophile Hyacinthe Laénnec (1781-1826): the

man behind the stethoscope. Clin Med Res. 2006;4:230-5.

. Mangione S, Nieman LZ. Pulmonary auscultatory skills during

training in internal medicine and family practice. Am J Respir
Crit Care Med. 1999;159:1119-24.

. Lucangelo U, Bernabé F, Blanch L. Lung mechanics at the bed-

side: make it simple. Curr Opin Crit Care. 2007;13:64-72.

. Otis AB, Fenn WO, Rahn H. Mechanics of breathing in man. J

Appl Physiol. 1950;2:592-607.
Pedersen T, Dyrlund Maller AM, Hovhannisyan
K.  Pulse oximetry for perioperative  monitoring.
Cochrane Database Syst Rev. 2009;4:CD002013,
http://dx.doi.org/10.1002/14651858.CD002013.pub2.

Moller JT, Johannessen NW, Espersen K, Ravlo O, Pedersen BD,
Jensen PF, et al. Randomized evaluation of pulse oximetry
in 20,802 patients, Il: perioperative events and postoperative
complications. Anesthesiology. 1993;78:445-53.

Sola A, Chow L, Rogido M. Oximetria de pulso en la
asistencia neonatal en 2005. Revision de los conocimien-
tos actuales. An Pediatr (Barc). 2005;62:266-81,
http://dx.doi.org/10.1157/13071843.

Wilson BJ, Cowan HJ, Lord JA, Zuege DJ, Zygun DA.
The accuracy of pulse oximetry in emergency depart-
ment patients with severe sepsis and septic shock: a
retrospective cohort study. BMC Emerg Med. 2010;10:9,
http://dx.doi.org/10.1186/1471-227X-10-9.

Jensen LA, Onyskiw JE, Prasad NG. Meta-analysis of arterial oxy-
gen saturation monitoring by pulse oximetry in adults. Heart
Lung. 1998;27:387-408.

Lobete C, Medina A, Rey C, Mayordomo-Colunga J, Concha
A, Menéndez S. Correlation of oxygen saturation as mea-
sured by pulse oximetry/fraction of inspired oxygen ratio
with Pa02/fraction of inspired oxygen ratio in a heteroge-
neous simple of critically ill children. J Crit Care. 2013;28,
http://dx.doi.org/10.1016/j.jcrc.2012.12.006, 538.e1-e7.
Khemani RG, Patel NR, Bart RD 3rd, Newth CJ. Com-
parison of the pulse oximetric saturation/fraction

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

of inspired oxygen ratio and the PaO2/fraction of
inspired oxygen ratio in children. Chest. 2009;135:662-8,
http://dx.doi.org/10.1378/chest.08-2239.

Mayordomo-Colunga J, Pons M, Lopez Y, Solana MJ, Rey

C, Martinez-Camblor P, et al. Predicting non-invasive
ventilation failure in children from the SpO2/FiO2
(SF) ratio. Intensive Care Med. 2013;39:1095-103,

http://dx.doi.org/10.1007/s00134-013-2880-5.

The Pediatric Acute Lung Injury Consensus Conference
Group. Pediatric acute respiratory distress syndrome: consen-
sus recommendations from the Pediatric Acute Lung Injury
Consensus Conference. Pediatr Crit Care Med. 2015;16:
428-39.

Myers DE, Anderson LD, Seifert RP, Ortner JP, Cooper CE,
Beilman GJ, et al. Noninvasive method for measuring local
hemoglobin oxygen saturation in tissue using wide gap sec-
ond derivative near-infrared spectroscopy. J Biomed Opt.
2005;10:034017.

Drayna PC, Abramo TJ, Estrada C. Near-infrared spectroscopy
in the critical setting. Pediatr Emerg Care. 2011;27:432-9,
http://dx.doi.org/10.1097/PEC.0b013e3182188442.

Durandy Y, Rubatti M, Couturier R. Near infrared spec-
troscopy during pediatric cardiac surgery: errors and

pitfalls.  Perfusion.  2011;26:441-6, http://dx.doi.org/
10.1177/0267659111408755.

Hirsch JC, Charpie JR, Ohye RG, Gurney JG. Near
infrared spectroscopy (NIRS) should not be standard

Semin Thorac
2010;13:51-4,

of care for postoperative management.

Cardiovasc Surg Pediatr Card Surg Annu.
http://dx.doi.org/10.1053/j.pcsu.2010.01.005.
Ghanayem NS, Wernovsky G, Hoffman GM. Near-
infrared spectroscopy as a hemodynamic monitor in
critical illness. Pediatr Crit Care Med. 2011;12:527-32,
http://dx.doi.org/10.1097/PCC.0b013e318221173a.

Mendoza DS, Zavala MA, Lopez TNL, Rodriguez ZJJ, Ramirez
LJ. indices de oxigenacién en recién nacidos en estado
critico. Rev Mex Pediatr. 1999;66:14-7. Available at:
http://www.medigraphic.com/pdfs/pediat/sp-1999/sp991d.

pdf

Definition Task Force ARDS, Ranieri VM, Rubenfeld GD,
Thompson BT, Ferguson ND, Caldwell E, Fan E, et al.
Acute respiratory distress syndrome: the Berlin Defini-
tion. JAMA. 2012;307:2526-33, http://dx.doi.org/10.1001/
jama.2012.5669.

Aboab J, Louis B, Jonson B, Brochard L. Relation between
Pa0, /FiO; ratio and FiO;: a mathematical description. Intensive
Care Med. 2006;32:1494-7.

Mekontso-Dessap A, Boissier F, Leon R, Carreira S, Campo
FR, Campo FR. Prevalence and prognosis of shunting
across patent foramen ovale during acute respiratory
distress syndrome. Crit Care Med. 2010;38:1786-92,
http://dx.doi.org/10.1097/CCM.0b013e3181eaa9c8.

Whiteley JP, Gavaghan DJ, Hahn CE. Variation of venous admix-
ture, SF6 shunt, Pa0O;, and the PaO,/FiO; ratio with FiO,. Br J
Anaesth. 2002;88:771-8.

Di Marco F, Devaquet J, Lyazidi A, Galia F, da Costa
NP, Fumagalli R, et al. Positive end-expiratory pressure-
induced functional recruitment in patients with acute
respiratory distress syndrome. Crit Care Med. 2010;38:127-32,
http://dx.doi.org/10.1097/CCM.0b013e3181b4a7e7.

Ferguson ND, Kacmarek RM, Chiche JD, Singh JM, Hallett DC,
Mehta S, et al. Screening of ARDS patients using standardized
ventilator settings: influence on enrollment in a clinical trial.
Intensive Care Med. 2004;30:1111-6.

Villar J, Pérez-Méndez L, Kacmarek RM. Current definitions of
acute lung injury and the acute respiratory distress syndrome
do not reflect their true severity and outcome. Intensive Care
Med. 1999;25(9):930-5.



dx.doi.org/10.5546/aap.2013.428
dx.doi.org/10.4067/S0370-41062007000300002
dx.doi.org/10.1097/MCC.0b013e32834f17d9
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0500
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0505
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0510
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0515
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0520
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0525
dx.doi.org/10.1002/14651858.CD002013.pub2
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0535
dx.doi.org/10.1157/13071843
dx.doi.org/10.1186/1471-227X-10-9
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0550
dx.doi.org/10.1016/j.jcrc.2012.12.006
dx.doi.org/10.1378/chest.08-2239
dx.doi.org/10.1007/s00134-013-2880-5
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0570
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0575
dx.doi.org/10.1097/PEC.0b013e3182188442
dx.doi.org/10.1177/0267659111408755
dx.doi.org/10.1177/0267659111408755
dx.doi.org/10.1053/j.pcsu.2010.01.005
dx.doi.org/10.1097/PCC.0b013e318221173a
http://www.medigraphic.com/pdfs/pediat/sp-1999/sp991d.pdf
http://www.medigraphic.com/pdfs/pediat/sp-1999/sp991d.pdf
dx.doi.org/10.1001/jama.2012.5669
dx.doi.org/10.1001/jama.2012.5669
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0610
dx.doi.org/10.1097/CCM.0b013e3181eaa9c8
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0620
dx.doi.org/10.1097/CCM.0b013e3181b4a7e7
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0630
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0635

Respiratory monitoring of pediatric patients in the Intensive Care Unit

163

32.

33.

34.

35.

36.

37.

38.

39.

40.

141.

42.

43.

45.

46.

47.

48.

49.

50.

Villar J, Pérez-Méndez L, Lopez J, Belda J, Blanco J, Saralegui
I, et al. HELP Network. An early PEEP/FiO, trial identifies
different degrees of lung injury in patients with acute respi-
ratory distress syndrome. Am J of Respir and Crit Care Med.
2007;176:795-804.

Gowda MS, Klocke RA. Variability of indices of hypox-
emia in adult respiratory distress syndrome. Crit Care Med.
1997;25:41-5.

Trachsel D, McCrindle BW, Nakagawa S, Bohn D. Oxygenation
index predicts outcome in children with acute hypoxemic
respiratory failure. Am J Respir Crit Care Med. 2005;172:
206-11.

Carrillo-Alvarez A. Monitorizacion de la ventilacién mecanica:
gasometria y equilibrio acidobasico. An Pediatr (Barc).
2003;59:252-85.  Available at: www.analesdepediatria.
org/es/pdf/S1695403303781752/5300/

Tobias JD. Transcutaneous carbon dioxide monitoring in
infants and children. Paediatr Anesth. 2009;19:434-44,
http://dx.doi.org/10.1111/j.1460-9592.2009.02930.x.

You B, Peslin R, Duvivier C, Vu VD, Grilliat JP. Expiratory capnog-
raphy in asthma: evaluation of various shape indices. Eur Respir
J. 1994;7:318-23.

McSwain SD, Hamel DS, Smith PB, Gentile MA, Srinivasan S,
Meliones JN, et al. End-tidal and arterial carbon dioxide mea-
surements correlate across all levels of physiologic dead space.
Respir Care. 2010;55:288-93.

Coss-Bu JA, Walding DL, David YB, Jefferson LS. Dead space
ventilation in critically ill children with lung injury. Chest.
2003;123:2050-6.

Lucangelo U, Bernabe F, Vatua S, Degrassi G, Villagra A, Fernan-
dez R, et al. Prognostic value of different dead space indices
in mechanically ventilated patients with acute lung injury and
ARDS. Chest. 2008;133:62-71.

Raurich JM, Vilar M, Colomar A, Ibafez J, Ayestaran |, Pérez-
Barcena J, et al. Prognostic value of the pulmonary dead-space
fraction during the early and intermediate phases of acute
respiratory distress syndrome. Respir Care. 2010;55:282-7.
Tobias JD. Conventional mechanical ventilation. Saudi
J  Anaesth.  2010;4:86-98, http://dx.doi.org/10.4103/
1658-354X.65128.

Hager DN, Krishnan JA, Hayden DL, Brower RG. ARDS Clinical
Trials Network. Tidal volume reduction in patients with acute
lung injury when plateau pressures are not high. Am J Respir
Crit Care Med. 2005;172:1241-5.

. Gattinoni L, Pesenti A, Avalli L, Rossi F, Bombino M. Pressure-

volume curve of total respiratory system in acute respiratory
failure. Computed tomographic scan study. Am Rev Respir Dis.
1987;136:730-6.

Terragni PP, Rosboch G, Tealdi A, Corno E, Menaldo E, Davini O,
et al. Tidal hyperinflation during low tidal volume ventilation in
acute respiratory distress syndrome. Am J Respir Crit Care Med.
2007;175:160-6.

Matamis D, Lemaire F, Harf A, Brun-Buisson C, Ansquer JC, Atlan
G. Total respiratory pressure-volume curves in the adult respi-
ratory distress syndrome. Chest. 1984;86:58-66.

Albaiceta GM. Curvas presion-volumen en la lesion pul-
monar aguda. Med Intensiva. 2009;33:243-50. Available at:
http://scielo.isciii.es/pdf/medinte/v33n5/revision.pdf

Crotti S, Mascheroni D, Caironi P, Pelosi P, Ronzoni G, Mondino
M, et al. Recruitment and derecruitment during acute respi-
ratory failure: a clinical study. Am J Respir Crit Care Med.
2001;164:131-40.

Pelosi P, Goldner M, McKibben A, Adams A, Eccher G, Caironi
P, et al. Recruitment and derecruitment during acute respira-
tory failure: an experimental study. Am J Respir Crit Care Med.
2001;164:122-30.

Albaiceta GM, Luyando LH, Parra D, Menendez R, Calvo J,
Pedreira PR, et al. Inspiratory vs. expiratory pressure-volume

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

curves to set end-expiratory pressure in acute lung injury. Inten-
sive Care Med. 2005;31:1370-8.

Villar J, Kacmarek RM, Pérez-Méndez L, Aguirre-Jaime A. A high
positive end-expiratory pressure, low tidal volume ventilatory
strategy improves outcome in persistent acute respiratory dis-
tress syndrome: a randomized, controlled trial. Crit Care Med.
2006 May;34:1311-8.

Amato MB, Barbas CS, Medeiros DM, Magaldi RB, Schettino GP,
Lorenzi-Filho G, et al. Effect of a protective-ventilation strategy
on mortality in the acute respiratory distress syndrome. N Engl
J Med. 1998;338:347-54.

Hill LL, Pearl RG. Flow triggering, pressure triggering, and
autotriggering during mechanical ventilation. Crit Care Med.
2000;28:579-81.

Imanaka H, Nishimura M, Takeuchi M, Kimball WR, Yahagi
N, Kumon K. Autotriggering caused by cardiogenic oscillation
during flow-triggered mechanical ventilation. Crit Care Med.
2000;28:402-7.

Correger E, Murias G, Chacon A, Estrugac A, Sales B, et al. Inter-
pretacion de las curvas del respirador en pacientes con insu-
ficiencia respiratoria aguda. Med Intensiva. 2012;36:294-306,
http://dx.doi.org/10.1016/j.medin.2011.08.005.

Van Mieghem N, Verbrugghe W, Daelemans R, Lins R, Malbrain
MLNG. Can abdominal perimeter be used as an accurate esti-
mation on intra-abdominal pressure? Crit Care. 2003;7:183,
http://dx.doi.org/10.1186/cc2072.

Sugrue M, Bauman A, Jones F, Bishop G, Flabouris A, Parr M,
et al. Clinical examination is an inaccurate predictor of intraab-
dominal pressure. World J Surg. 2002;26:1428-31.

Ranieri VM, Brienza N, Santostasi S, Puntillo F, Mascia L,
Vitale N, et al. Impairment of lung and chest wall mechan-
ics in patients with acute respiratory distress syndrome:
role of abdominal distension. Am J Respir Crit Care Med.
1997;156:1082-91.

Mutoh T, Lamm WJ, Embree LJ, Hildebrandt J, Albert RK. Vol-
ume infusion produces abdominal distension, lung compression,
and chest wall stiffening in pigs. J Appl Physiol. 1992;72:575-82.
Malbrain ML. Intra-abdominal Pressure in the Intensive Care
Unit: Clinical Tool or Toy? In: Vincent JL, editor. Yearbook of
intensive care and emergency medicine. Berlin: Springer; 2001.
p. 547-85, http://dx.doi.org/10.1007/978-3-642-59467-0.
Chiumello D, Cressoni M, Carlesso E, Caspani M, Marino
A, Gallazzi E, et al. Bedside selection of positive end-
expiratory pressure in mild, moderate, and severe acute
respiratory distress syndrome. Crit Care Med. 2014;42:252-64,
http://dx.doi.org/10.1097/CCM.0b013e3182a6384f.

Talmor D, Sarge T, Malhotra A, O’Donnell CR, Ritz R, Lisbon
A, et al. Mechanical ventilation guided by esophageal pres-
sure in acute lung injury. N Engl J Med. 2008;359:2095-104,
http://dx.doi.org/10.1056/NEJM0oa0708638.

Fish E, Novack V, Banner-Goodspeed VM, Sarge T, Lor-
ing S, Talmor D. The Esophageal Pressure-Guided Ven-
tilation 2 (EPVent2) trial protocol: a multicentre, ran-
domised clinical trial of mechanical ventilation guided
by transpulmonary pressure. BMJ Open. 2014;4:e006356,
http://dx.doi.org/10.1136/bmjopen-2014-006356.

Olegard C, Sondergaard S, Houltz E, Lundin S, Stengvist O.
Estimation of functional residual capacity at the bedside
using standard monitoring equipment: a modified nitro-
gen washout/washin technique requiring a small change
of the inspired oxygen fraction. Anesth Analg. 2005;101:
206-12.

Dellamonica J, Lerolle N, Sargentini C, Beduneau G, Di Marco
F, Mercat A, et al. PEEP-induced changes in lung volume in
acute respiratory distress syndrome. Two methods to estimate
alveolar recruitment. Intensive Care Med. 2011;37:1595-604,
http://dx.doi.org/10.1007/s00134-011-2333-y.



http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0640
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0645
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0650
http://www.analesdepediatria.org/es/pdf/S1695403303781752/S300/
http://www.analesdepediatria.org/es/pdf/S1695403303781752/S300/
dx.doi.org/10.1111/j.1460-9592.2009.02930.x
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0665
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0670
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0675
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0680
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0685
dx.doi.org/10.4103/1658-354X.65128
dx.doi.org/10.4103/1658-354X.65128
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0695
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0700
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0705
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0710
http://scielo.isciii.es/pdf/medinte/v33n5/revision.pdf
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0720
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0725
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0730
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0735
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0740
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0745
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0750
dx.doi.org/10.1016/j.medin.2011.08.005
dx.doi.org/10.1186/cc2072
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0765
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0770
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0775
dx.doi.org/10.1007/978-3-642-59467-0
dx.doi.org/10.1097/CCM.0b013e3182a6384f
dx.doi.org/10.1056/NEJMoa0708638
dx.doi.org/10.1136/bmjopen-2014-006356
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0800
dx.doi.org/10.1007/s00134-011-2333-y

164 A. Donoso et al.
66. Bellani G, Guerra L, Musch G, Zanella A, Patroniti N, Mauri 81. Bouhemad B, Zhang M, Lu Q, Rouby JJ. Clinical review:
T, et al. Lung regional metabolic activity and gas volume Bedside lung ultrasound in critical care practice. Crit Care.
changes induced by tidal ventilation in patients with acute 2007;11:205-13, http://dx.doi.org/10.1186/cc5668.
lung injury. Am J Respir Crit Care Med. 2011;183:1193-9, 82. Riera J, Riu PJ, Casan P, Masclans JR. Electrical
http://dx.doi.org/10.1164/rccm.201008-13180C. impedance tomography in acute lung injury. Med

67. Gonzalez-Lopez A, Garcia-Prieto E, Batalla-Solis E, Intensiva. 2011;35:509-17, http://dx.doi.org/10.1016/
Amado-Rodriguez L, Avello N, Blanch L, et al. Lung j.medin.2011.05.005.
strain and biological response in mechanically ven- 83. Lindgren S, Odenstedt H, Olegard C, Sondergaard S, Lundin S,
tilated patients. Intensive Care Med. 2012;38:240-7, Stenqvist 0. Regional lung derecruitment after endotracheal
http://dx.doi.org/10.1007/s00134-011-2403-1. suction during volume- or pressure-controlled ventilation: a

68. Sakka SG, Klein M, Reinhart K, Meier-Hellmann A. Prognostic study using electric impedance tomography. Intensive Care Med.
value of extravascular lung water in critically ill patients. Chest. 2007;33:172-80.
2002;122:2080-6. 84. Costa EL, Borges JB, Melo A, Suarez-Sipmann F, Toufen

69. Colmenero-Ruiz M, Fernandez-Mondéjar E, Garcia-Delgado M, C Jr, Bohm SH, et al. Bedside estimation of recruitable
Rojas M, Lozano L, Poyatos ME. Conceptos actuales en la fisiopa- alveolar collapse and hyperdistension by electrical
tologia, monitorizacion y resolucion del edema pulmonar. Med impedance tomography. Intensive Care Med. 2009;35:1132-7,
Intensiva. 2006;30:322-30. Available at: http://scielo.isciii.es/ http://dx.doi.org/10.1007/s00134-009-1447-y.
scielo.php?script=sci_arttext&pid=50210-56912006000700003 & 85. Reifferscheid F, Elke G, Pulletz S, Gawelczyk B,
Ing=es Lautenschlager |, Steinfath M, et al. Regional ventila-

70. Aguilar G, Belda FJ, Perel A. PiCCO plus: monitor- tion distribution determined by electrical impedance
izacion cardiopulmonar minimamente invasiva. Rev Esp tomography: reproducibility and effects of pos-
Anestesiol Reanim. 2008;55:90-100, http://dx.doi.org/ ture and chest plane. Respirology. 2011;16:523-31,
10.1016/50034-9356(08)70516-4. http://dx.doi.org/10.1111/j.1440-1843.2011.01929..x.

71. Colmenero M, Garcia-Delgado M, Navarrete |, Lopez-Milena 86. Ravaglia C, Gurioli C, Casoni G, Romagnoli M, Tomassetti S,
G. Utility of the lung ultrasound in the intensive medicine Gurioli C, et al. Diagnostic role of rapid on-site cytologic
unit. Med Intensiva. 2010;34:620-8, http://dx.doi.org/ examination (ROSE) of broncho-alveolar lavage in ALI/ARDS.
10.1016/j.medin.2010.04.004. Pathologica. 2012;104:65-9.

72. Volpicelli G, Elbarbary M, Blavias M, Lichtenstein 87. McClintock D, Zhuo H, Wickersham N, Matthay MA, Ware LB.
DA, Mathis G, Kirkpatrick AW, et al. International Biomarkers of inflammation, coagulation, and fibrinolysis pre-
evidence-based recommendations for point-of-care dict mortality in acute lung injury. Crit Care. 2008;12:R41,
lung ultrasound. Intensive Care Med. 2012;38:577-91, http://dx.doi.org/10.1186/cc6846.
http://dx.doi.org/10.1007/s00134-012-2513-4. 88. Shyamsundar M, McAuley DF, Ingram RJ, Gibson DS, O’Kane

73. Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier D, McKeown ST, et al. Keratinocyte growth factor pro-
P, Rouby JJ. Comparative diagnostic performances of aus- motes epithelial survival and resolution in a human model
cultation, chest radiography, and lung ultrasonography in of lung injury. Am J Respir Crit Care Med. 2014;189:1520-9,
acute respiratory distress syndrome. Anesthesiology. 2004;100: http://dx.doi.org/10.1164/rccm.201310-18920C.

9-15. 89. Bhargava M, Wendt CH. Biomarkers in acute lung

74. Supakul N, Karmazyn B. Ultrasounds of the pediatric chest—the injury. Transl Res. 2012;159:205-17, http://dx.doi.org/
ins and outs. Semin Ultrasound CT MR. 2013;34:274-85, 10.1016/j.trsl.2012.01.007.
http://dx.doi.org/10.1053/j.sult.2012.12.001. 90. Bowler RP, Duda B, Chan ED, Enghild JJ, Ware LB, Matthay MA,

75. Soldati G, Testa A, Pignataro G, Portale G, Biasucci DG, Leone et al. Proteomic analysis of pulmonary edema fluid and plasma
A, et al. The ultrasonographic deep sulcus sign in traumatic in patients with acute lung injury. Am J Physiol Lung Cell Mol
pneumothorax. Ultrasound Med Biol. 2006;32:1157-63. Physiol. 2004;286:L1095-104.

76. Volpicelli G, Boero E, Sverzellati N, Cardinale L, Busso M, 91. de Torre C, Ying SX, Munson PJ, Meduri GU, Suffredini AF. Pro-
Boccuzzi F, et al. Semi-quantification of pneumothorax vol- teomic analysis of inflammatory biomarkers in bronchoalveolar
ume by lung ultrasound. Intensive Care Med. 2014;40:1460-7, lavage. Proteomics. 2006;6:3949-57.
http://dx.doi.org/10.1007/s00134-014-3402-9. 92. Nathani N, Perkins GD, Tunnicliffe W, Murphy N, Manji M,

77. Bouhemad B, Brisson H, Le-Guen M, Arbelot C, Thickett DR. Kerbs von Lungren 6 antigen is a marker of
Lu Q, Rouby JJ. Bedside ultrasound assessment of alveolar inflammation but not of infection in patients with
positive end-expiratory pressure-induced lung recruit- acute respiratory distress syndrome. Crit Care. 2008;12:R12-9,
ment. Am J Respir Crit Care Med. 2011;183:341-7, http://dx.doi.org/10.1186/cc6785.
http://dx.doi.org/10.1164/rccm.201003-03690C. 93. Determann RM, Royakkers AA, Haitsma JJ, Zhang H, Slutsky

78. Sameshima YT, Lourenco de Almeida JF, Silva MM, Remon- AS, Ranieri VM, et al. Plasma levels of surfactant protein
dini R, Haddad LB, Neto MJ, et al. Ultrasound-guided D and KL-6 for evaluation of lung injury in critically ill
lung recruitment in a 3-month-old infant with acute respi- mechanically ventilated patients. BMC Pulm Med. 2010;10:6,
ratory distress syndrome. Ultrasound Q. 2014;30:301-5, http://dx.doi.org/10.1186/1471-2466-10-6.
http://dx.doi.org/10.1097/RUQ.0000000000000072. 94. van der Heijden M, van Nieuw Amerongen GP, Koolwijk

79. Bruhn A, Bugedo D, Riquelme F, Varas J, Retamal J, Besa C, P, van Hinsbergh VW, Groeneveld AB. Angiopoietin-2 per-
et al. Tidal volume is a major determinant of cyclic recruitment- meability oedema, occurrence and severity of ALI/ARDS
derecruitment in acute respiratory distress syndrome. Minerva in septic and nonseptic critically ill patients. Tho-
Anestesiol. 2011;77:418-26. rax. 2008;63:903-9, http://dx.doi.org/10.1136/thx.2007.

80. Puybasset L, Cluzel P, Chao N, Slutsky AS, Coriat P, Rouby JJ. A 087387.
computed tomography scan assessment of regional lung volume 95. Quesnel C, Piednoir P, Gelly J, Nardelli L, Garnier M,

in acute lung injury. The CT Scan ARDS Study Group. Am J Respir
Crit Care Med. 1998;158:1644-55.

Lecon V, et al. Alveolar
independent predictor of

fibrocyte percentage is an
poor outcome in patients


dx.doi.org/10.1164/rccm.201008-1318OC
dx.doi.org/10.1007/s00134-011-2403-1
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0820
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0210-56912006000700003&lng=es
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0210-56912006000700003&lng=es
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0210-56912006000700003&lng=es
dx.doi.org/10.1016/S0034-9356(08)70516-4
dx.doi.org/10.1016/S0034-9356(08)70516-4
dx.doi.org/10.1016/j.medin.2010.04.004
dx.doi.org/10.1016/j.medin.2010.04.004
dx.doi.org/10.1007/s00134-012-2513-4
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0845
dx.doi.org/10.1053/j.sult.2012.12.001
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0855
dx.doi.org/10.1007/s00134-014-3402-9
dx.doi.org/10.1164/rccm.201003-0369OC
dx.doi.org/10.1097/RUQ.0000000000000072
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0875
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0880
dx.doi.org/10.1186/cc5668
dx.doi.org/10.1016/j.medin.2011.05.005
dx.doi.org/10.1016/j.medin.2011.05.005
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0895
dx.doi.org/10.1007/s00134-009-1447-y
dx.doi.org/10.1111/j.1440-1843.2011.01929.x
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0910
dx.doi.org/10.1186/cc6846
dx.doi.org/10.1164/rccm.201310-1892OC
dx.doi.org/10.1016/j.trsl.2012.01.007
dx.doi.org/10.1016/j.trsl.2012.01.007
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0930
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
http://refhub.elsevier.com/S2444-3409(17)00010-3/sbref0935
dx.doi.org/10.1186/cc6785
dx.doi.org/10.1186/1471-2466-10-6
dx.doi.org/10.1136/thx.2007.087387
dx.doi.org/10.1136/thx.2007.087387

Respiratory monitoring of pediatric patients in the Intensive Care Unit 165

with acute lung injury. Crit Care Med. 2012;40:21-8,
http://dx.doi.org/10.1097/CCM.0b013e31822d718b.

96. Bhargava M, Becker TL, Viken KJ, Jagtap PD, Dey
S, Steinbach MS, et al. Proteomic profiles in acute

respiratory distress syndrome differentiates sur-
vivors from non-survivors. PLoS One. 2014;9:e109713,
http://dx.doi.org/10.1371/journal.pone.0109713.



dx.doi.org/10.1097/CCM.0b013e31822d718b
dx.doi.org/10.1371/journal.pone.0109713

	Respiratory monitoring of pediatric patients in the Intensive Care Unit
	1 Introduction
	2 Clinical monitoring
	2.1 Basic respiratory monitoring

	3 Fundamentals of mechanical ventilation monitoring
	3.1 Mechanical properties of the respiratory system
	3.2 Equation of motion of the respiratory system

	4 Monitoring techniques
	5 Monitoring of gas exchange
	5.1 Pulse oximetry. Arterial oxygen saturation
	5.2 Near-infrared spectroscopy
	5.3 Arterial blood gas
	5.4 Partial pressure of oxygen in arterial blood
	5.5 Partial pressure of CO2
	5.6 Transcutaneous monitoring of CO2
	5.7 Capnography
	5.8 Volumetric capnography: dead space calculation

	6 Respiratory mechanics
	7 Monitoring of airway pressures
	7.1 Peak inspiratory pressure
	7.2 Plateau pressure
	7.3 Distending pressure
	7.4 Pressure-time and flow-time curves
	7.5 Pressure-volume loop
	7.6 Patient-ventilator asynchrony
	7.7 Intra-abdominal pressure
	7.8 Transpulmonary and esophageal pressure

	8 Lung volumes
	8.1 Current volume
	8.2 End-expiratory lung volume
	8.3 Extravascular lung water

	9 Imaging
	9.1 X-ray
	9.2 Lung ultrasound
	9.3 Computed tomography
	9.4 Electrical impedance tomography

	10 Biomarkers
	Conflict of interest
	References


