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KEYWORDS Abstract

Hemoglobin; Objective: To determine the accuracy and usefulness of noninvasive continuous hemoglobin

Anemia; (Hb) monitoring in critically ill patients at risk of bleeding.

Oximetry; Design: An observational prospective study was made, comparing core laboratory Hb measure-

Pediatric intensive ment (LabHb) as the gold standard versus transcutaneous hemoglobin monitoring (SpHb).

care; Setting: Pediatric Intensive Care Unit of a tertiary University Hospital.

Physiological Patients: Patients weighing >3 kg at risk of bleeding.

monitoring Interventions: SpHb was measured using the Radical7 pulse co-oximeter (Masimo Corp., Irvine,
CA, USA) each time a blood sample was drawn for core laboratory analysis (Siemens ADVIA
2120i).

Variables: Sociodemographic characteristics, perfusion index (Pl), pleth variability index, heart
rate, Sa0,, rectal temperature, low signal quality and other events that can interfere with
measurement.

Results: A total of 284 measurements were made (80 patients). Mean LabHb was
11.7+£2.05g/dl. Mean SpHb was 12.32+2g/dl (Pearson 0.72, R* 0.52). The intra-class cor-
relation coefficient was 0.69 (95%c1 0.55-0.78) (p<0.001). Bland-Altman analysis showed a
mean difference of 0.07 +1.46 g/dl. A lower Pl and higher temperature independently increased
the risk of low signal quality (OR 0.531 [95% ClI 0.32-0.88] and 0.529 [95% CI 0.33-0.85],
respectively).

Conclusions: SpHb shows a good overall correlation to LabHb, though with wide limits of agree-
ment. Its main advantage is continuous monitoring of patients at risk of bleeding. The reliability
of the method is limited in cases with poor peripheral perfusion.
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PALABRAS CLAVE Monitorizacion no invasiva transcutanea de la concentracion de hemoglobina
Hemoglobina; en pacientes criticos pediatricos con riesgo de sangrado
Anemia; R
Oximetria; esumen

Cuidados intensivos
pediatricos;
Monitorizacion

Objetivo: Determinar la validez y precision de un método de medicion continua transcutanea
de la concentracion de hemoglobina (Hb) en pacientes criticos con riesgo de sangrado.
Diseno: Estudio observacional prospectivo comparando el estandar de referencia con la deter-
minacion transcutanea de hemoglobina (SpHb).

Ambito: Unidad de cuidados intensivos pediatricos de un hospital universitario de tercer nivel.
Pacientes: Muestra consecutiva de pacientes con peso >3 kg y riesgo de sangrado.
Intervenciones: Medicion de SpHb mediante el cooximetro de pulso Radical7 (Masimo Corp.,
Irvine, CA) en cada extraccion sanguinea con determinacion de Hb analizada con estandar de

Variables: Variables epidemiologicas, indice de perfusion (IP), indice de variabilidad pletismo-
grafica, frecuencia cardiaca, Sa0,, temperatura rectal, baja calidad de sefal, asi como otros

Resultados: Se realizaron 284 mediciones (80 pacientes). La media de Hb por el analizador
central fue de 11,7 42,05 g/dl. La media de SpHb fue de 12,32 +2 g/dl (Pearson 0,72, R? 0,52).
El indice de correlacion intraclase fue de 0,69 (IC95%: 0,55-0,78), p<0,001. El diagrama de
Bland-Altman mostro una diferencia media entre ambos métodos de 0,66 & 1,46 g/dl. Un menor
IP y una mayor temperatura rectal incrementaron de forma independiente el riesgo de baja
calidad de la senal (OR 0,531 [IC 95%: 0,32-0,88] y 0,529 [IC 95%: 0,33-0,85], respectivamente).
Conclusiones: La SpHb presenta buena correlacion con la obtenida por el analizador central,
aunque los limites de concordancia son amplios. Su principal ventaja es la posibilidad de moni-
torizacion continua en pacientes con riesgo de sangrado. La fiabilidad de este método es limitada

© 2016 Elsevier Espana, S.L.U. y SEMICYUC. Todos los derechos reservados.

fisiologica
referencia (Siemens ADVIA 2120i).
factores que pueden afectar a la medicion.
en casos de mala perfusion periférica.
Introduction

Anemia is a common complication in pediatric intensive
care units (PICU) and amounts to up to 74% of hospital-
ized patients." In critical patients anemia is the consequence
of blood losses due to acute traumatic hemorrhages in the
postoperative period, especially due to cardiac or trauma
surgeries, repeated blood extractions, chronic disorders,
iron and other deficiency disorders, liver dysfunction or
disseminated intravascular clotting, among others. In one
multicentre, observational, prospective study conducted in
children admitted at pediatric intensive care units, Bate-
man et al.", found that 96% of these patients had their blood
test analyzed, and 74% exhibited daily blood losses. Patients
with anemia had longer hospital stays and spent more days
on mechanical ventilation. Forty-one percent of children
with anemia developed it during their hospital stay while
only 33% had anemia at the moment of hospital admission.
Conducting repeated blood test analyses can cause iatro-
genic anemia that is present in up to 90% of patients during
the third day of admission in adult intensive care units.?>
This fact becomes more important in younger patients since
the blood volume needed for extraction is not related to
the child’s weight, which means that larger volumes will be
associated with the patient’s blood volume.“ Thus, the more
serious the patient’s condition is, the more blood losses due
to blood extractions will occur.?

However, the diagnosis of anemia cannot be clinically
validated and requires confirmation through blood sam-
ple analysis. The setback of trying to determine the blood
hemoglobin concentration using conventional methods is
that obtaining lab results can delay therapy.

The capacity to rapidly and accurately determine a
patient’s blood hemoglobin concentration may be useful and
critical in various clinical settings, especially in intensive
medicine, which has led to the development of point-of-
care (POC) devices, that is, devices available at the patient’s
bedside so that there is no need to bring the blood sample to
the core lab. Nevertheless, the accuracy of these methods
has been questioned in some studies.’>~’

These are the non-invasive modalities available today:
pulse Co-oximetry (Pulse CO-Oximetry™; Masimo Corp.,
Irvine, CA, USA), occlusion spectroscopy (OrSense™, Ness
Ziona, Israel) and transcutaneous reflectance spectroscopy
(Haemospect, MBR Optical Systems, Herdecke, Germany).'°

The technology behind pulse co-oximetry is based on
pulse oximetry and provides a continuous non-invasive
monitoring of the blood hemoglobin concentration. This
method allows us to distinguish between the different
characteristics of light absorption and the different sub-
types of hemoglobin, and through the implementation of
certain algorithms is capable of determining the total
blood hemoglobin concentration.'" Theoretically speaking,
one device capable of continuously measuring the blood
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hemoglobin concentration would have results earlier and
alert clinicians on any drops in all those cases of hidden hem-
orrhages-all this added to the advantages of non-invasive
measurements.

There are some studies conducted in the pediatric pop-
ulation, most of them in the surgical setting and with
hemodynamically stable patients.'? "4

This is why we decided to conduct one study aimed at
determining the validity and accuracy of this monitoring
method in relation to the determination achieved at the core
lab in PICU-hospitalized patients at risk of bleeding.

Material and methods

Goal

Determine the validity and accuracy of one continuous tran-
scutaneous method for measuring the blood hemoglobin (Hb)
concentration in critical patients at risk of bleeding.

Design

Prospective observational design.

Field of study

PICU of a third-level referral academic hospital.

Study population

The study included patients admitted at the PICU with
risk of bleeding (postoperative cardiac or trauma surgery
patients, polytraumatized patients and patients with seri-
ous coagulopathy in the context of systemic inflammatory
syndrome response), weighting >3 kg for a period of twelve
(12) months.

Study protocol

When each blood sample was extracted, the concentration
of Hb at the core lab (Siemens ADVIA 2120i) was compared
to the concentration of Hb shown by the Radical/7.8.0.1
pulse co-oximeter (Masimo Corp., Irvine, CA). Several epi-
demiological variables were recorded (genre, age in months,
weight, race), reason for hospital admission together with
the following parameters: perfusion index (Pl), plethysmo-
graphic variability index (PVI), heart rate (HR), Sa0,, rectal
temperature (RT), the Richmond Agitation Sedation Scale
(RASS), low signal quality detected by the monitor, and all
those situations that might affect measurement (Vasoactive-
Inotropic Score [VIS score], mechanical ventilation).

The Pl is defined as the coefficient of pulse blood flow
in relation to the non-pulsed or static flow in peripheral
tissue and is one non-invasive way to measure peripheral
perfusion. The PVl measures dynamic changes occurring in
the Pl during the respiratory cycle, which are expressed
in percentages and calculated by the device following this
formula: [(maximum Pl — minimum PI) x 100]/maximum PI.

Based on the manufacturer’s specifications, the finger
of the hand (ringer finger, middle finger, and index finger

of the non-dominant hand) and the hallux of the foot
were the locations used, while limbs with recent lesions,
surgeries or vascular catheters-mainly arterial catheters
were avoided. The sphygmomanometer was always placed
in a limb different to where the sensor had been placed.
After its placement the explored area was covered with an
opaque bag supplied by the manufacturer in order to avoid
pollution and light interference. If there was no stable mea-
surement after two (2) attempts another measurement was
attempted in a different location before recording the case
as non-detectable. Likewise, the low signal quality alarm
was recorded, which according to the manufacturer’s spec-
ifications, goes off in situations of excessive environmental
light pollution, shunt between photo emitter and photo
detector due to sensor misplacement, patients making
moves, or between the placement site and the sensor.

The R1 20L sensor was used in patients whose weight was
between 3 and 10kg. For individuals over 10kg, the R2 20
sensor was used.

Statistical analysis

In the descriptive analysis, data are expressed as mean and
standard deviation for variables of normal distribution, and
as mean and interquartile range (IQR) for variables that do
not meet the conditions of normality. The categorical varia-
bles are described as absolute frequency and percentage.

The Pearson correlation coefficient was obtained as well
as the interclass correlation coefficient (ICC) that was cal-
culated using a two-factor alpha model, random effects and
absolute consensus with a 95% confidence interval and the
Bland-Altman diagram in order to compare the hemoglobin
concentration established by the pulse co-oximeter (SpHb)
and the hemoglobin concentration established by the core
lab analyser (tHb). Tolerance limits were established in dif-
ferences of +1g/dl. In order to calculate the difference
between the two (2) methods, the absolute difference was
used in the first place-including both negative and positive
values. In the Bland-Altman analysis, positive and negative
numbers were used to know these differences.

Using the multivariate linear regression analysis, the
influence exerted by the independent variables gathered on
the absolute difference between both methods was ana-
lyzed. Using the multivariate logistic regression analysis,
the correlation between low signal quality (yes/no) and
different potential variables associated was studied. A 5%
statistical-significance level was taken into account. For the
selection of the final multivariate model in both cases, a
backward step-wise regression proceeding (Wald test statis-
tics) was used initially including all the variables that might
have something to do with the dependent variables and the
variables that exhibited statistical significance in the bivari-
ate analysis. The Akaike information criterion (AIC) was used
to confirm how good the adjustment of the model really was.

For the statistical analysis, the IBM® SPSS® Statistics 20.0
software for Macintosh® was used. The Bland-Altman dia-
gram was built using the R software-version 3.2.2.

Ethical aspects

This paper has been approved by the Regional Research
Ethics Committee. Participation in this study was voluntary.
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The patients’ legal representatives were verbally informed
and given one copy of the written informed consent. The
study authors declare that they have followed the good clin-
ical practice and principles contained in the Declaration of
Helsinki.

Results

284 measurements were taken in 80 patients averaging 14.5
months of age (range 3-60 months) and 8.5 kg of weight
(range 4.35-18.5kg). In 15 determinations (5.2%), the SpHb
could not be recorded due to poor peripheral hyperperfusion
uptake, and in 36 determinations (12.7%) there was poor
signal quality as the Radical7 station exhibited.

The Sa0, was 98% (IQR 96-100%), the HR 123 +24 pm,
the RT 36 +2°C, the PI 1.5 (IQR 0.93-3.32) and the PVI 17
(IQR 11-27.25).

Most patients included were postoperative cardiac
surgery patients (76.4%), and polytraumatized patients
(14.8%), while 8.8% had been admitted to the hospital PICU
for other reasons such as post-adenoidectomy bleeding (4),
upper Gl bleeding (2), or septic shock (1). Sixty-three per-
cent (22 cases) of all measurements were taken during
mechanical ventilation-all of them under continuous seda-
tion with a mean RASS score of —3 (IQR from —2.8 to
—4.1). Five (5) patients (6.25%) received therapy with alpha-
adrenergic vasoactive drugs. The mean VIS score was 8 (RIQ
0-10).

The average Hb concentration exhibited in the core
lab analyser was 11.7+2.05g/dl (median 11.5, IQR
10.27-13). The average Hb concentration exhibited in the
pulse-oximeter was 12.32+2g/dl (median 12.1g/dl, IQR
11-13.4) (Fig. 1). The Pearson correlation coefficient was
0.72 (p<0.001), and the coefficient of determination R?,
0.52 (Fig. 2). The overall ICC was 0.69 (95% Cl: 0.55-0.78),
p<0.001. The ICC in determinations with PI>1.5 was 0.70
(95% Cl: 0.6-0.78), but when the Pl was <1.5, the ICC was
0.68 (95% Cl: 0.43-0.81)-being both values statistically
significant (p<0.001). Concordance was higher in individ-
uals over 6 months (0.7, 95% Cl: 0.59-0.78) compared to
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Figure 1  Box plot comparing the values obtained using the
transcutaneous measurement (SpHb) and the core lab analyser.
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Figure 2 Dispersion diagram between the Hb values of the

core lab analyser and the pulse co-oximeter (SpHb).

individuals under 6 months (0.59, 95% Cl: 0.36-0.74). When
the monitor exhibited low signal quality (12.7% of cases),
the ICC was 0.45 (95% Cl: 0.06-0.71), while in the remaining
cases the ICC was 0.74 (95% Cl: 0.62-0.81).

The average difference between lab values and pulse
co-oximeter values was 0.66 +1.46 g/dl, with a median of
0.5g/dl (IQR from —0.2 to 1.4). The mean difference in abso-
lute values was 0.8g/dl (IQR from 0.4 to 1.7). The mean
difference between both methods was greater in postop-
erative cardiac surgery patients (0.8g/dl, IQR from 0.4 to
1.8) than in polytraumatized patients (0.6g/dl, IQR from
0.3 to 1) and in the remaining patients (0.45g/dl, IQR from
0.3 to 1.57), though these differences were not statistically
significant in the Kruskal-Wallis test (p=0.065) (Fig. 3).

The Bland-Altman diagram (Fig. 4) shows that most dif-
ferences can be found within the concordance limits - being
the upper limit (+2DE) 3.59 g/dl, and the lower limit (—2DE)
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Figure 3  Box plot showing the absolute differences between

the methods for measuring hemoglobin concentrations based on
reason for hospital admission. POCS: post-operative of cardio-
vascular surgery.
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Figure 4 Bland-Altman diagram. The continuous blue line

represents the mean difference between both methods. The
dotted red lines represent the upper and lower limits of con-
cordance.

—2.26g/dl. As it can be seen in Table 1, 60.9% of all mea-
surements taken with the non-invasive pulse co-oximeter
exhibited a <—1g/dl difference with respect to data exhib-
ited by the core lab analyser.

Using a linear regression model, the correlation between
the absolute difference of both measurements and the real
Hb concentration could be studied, and a statistically signif-
icant correlation was found (p =0.007), with a g coefficient
of —0.09 and a coefficient of determination R? of 0.027.

In the multivariate linear regression analysis, the abso-
lute difference between both methods was used as the
dependent variable, including the variables that had a
statistically significant relation in the correlation matrix
as well as race, reason for hospital admission and need for
invasive mechanical ventilation. Using a backward step-wise

proceeding, the multivariate model was built, maintaining
both all significant variables and those variables enhancing
the validity of the model as Table 2 shows. According to
this model, the lower the Hb concentration is, the higher
the HR and fetal Hb concentration are; the difference
between both methods of measurement becomes greater
in a statistically significant way.

One multivariate logistic regression analysis (Table 3) was
carried out in order to determine the variables that could be
associated with a greater risk of exhibiting low signal in the
monitor and, therefore, lower correlation between the real
value and the one exhibited by the Radical7 station, and it
was found that the lower the Pl and rectal temperature are,
the higher the risk of low signal quality is (OR 0.531 [95% IC:
0.32-0.88] and 0.529 [95% IC: 0.33-0.85], respectively).

Discussion

This paper shows that the degree of concordance between
the SpHb and the hemoglobin concentration obtained using
the core lab analyser in patients admitted to the hospi-
tal PICU and at risk of bleeding is good and meets the
manufacturer’s technical specifications. However, we found
wide limits of concordance. Very few pediatric studies have
analyzed the precision and concordance of this innovative
method of transcutaneous measurement and most have been
conducted in hemodynamically stable patients, or patients
at low risk of bleeding.'>'* Most papers published so far
discuss adult patients,>'®"” in whom the technology based
on multiple wavelength absorption spectroscopy achieves
better results probably due to the characteristics of the
explored area, the lower heart rate and the higher systolic
volume with respect to children.

Phillips et al."® recently published the results of one
prospective study-similar to this paper, and conducted
among children hospitalized at one PICU; they found that

Table 1  Absolute differences between SpHb and Hb in the core lab expressed as intervals.
Absolute frequency Percentage Accumulated frequency Accumulated percentage
<1g/dl 173 60.9 173 60.9
1-2g/dl 47 16.5 220 77.4
2-3g/dl 28 9.9 248 83.3
>3g/dl 21 7.4 269 94.7
No uptake 15 5.3 284 5.3

Table 2 Multivariate linear regression analysis. Dependent variable: absolute difference between SpHb and Hb in the core lab.

Model Unstandarized coefficients t p 95% Cl for B
B Typical error Lower limit Upper limit

(Constant) 4.884 1.706 2.863 0.005 1.525 8.244
Lab Hb (g/dl) —0.180 0.036 —4.979 0.000 —0.251 —0.109
Age (months) —0.003 0.002 —1.741 0.083 —0.006 0.000
HR (lpm) 0.009 0.003 2.747 0.006 0.003 0.016
RT (°C) —0.074 0.045 —1.636 0.103 —0.164 0.015
Fetal Hb (g/dl) 0.064 0.032 1.989 0.048 0.001 0.127

HR: heart rate; Hb: hemoglobin; RT: rectal temperature.
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Table 3  Multivariate logistic regression analysis. Dependent variable: low signal quality.

p B OR 95% Cl for the OR
Lower limit Upper limit
Age (months) 0.388 0.005 1.005 0.944 1.016
SpO, 0.105 —0.058 0.943 0.879 1.012
HR (lpm) 0.101 0.019 1.019 0.996 1.043
Lab Hb (g/dl) 0.412 —0.091 0.913 0.734 1.135
PI 0.015 —0.632 0.531 0.320 0.884
RT (°C) 0.009 —0.637 0.529 0.327 0.855

HR: heart rate; Hb: hemoglobin; PI: perfusion index; OR: odds ratio; RT: rectal temperature.
Chi square (or Hosmer-Lemeshow) test =7.37 for eight degrees of freedom (p=0.497).

AIC=160.15.

the average difference between both methods was lower
than the one reported in our series (0.07 g/dl); however, the
limits of concordance are wider than the ones found in our
paper (from —5.11 to +5.25g/dl) and the Pearson correla-
tion coefficient was lower (r=0.55). This difference may be
partially due to the smaller size of the sample (53 patients,
83 measurements), since, on the other hand, they show a
difference percentage <1g/dl (67% versus 61% in our series)
similar to ours.

Among the factors that may affect the precision of
transcutaneous monitoring we find that the total Hb concen-
tration, the HR and the fetal Hb concentration increase the
difference with respect to the determination obtained in
the core lab. On the other hand, the lower the temperature
and Pl values are, the more likely it is to achieve low signal
qualities in the Radical7 station. In the manufacturer’s tech-
nical documentation, hemoglobinopathies are described as
a potential cause of errors when reading the hemoglobin
concentration,'" which might explain the influence of the
fetal Hb concentration on the difference seen in the core
lab concentration. Although anemia is not specifically men-
tioned, other authors also found worse correlations with
extreme values of Hb."®" Most pediatric studies published
so far have been conducted in healthy or hemodynamically
stable patients - being this is the reason why the effect
of low values of Hb, high values of HR or peripheral hypo-
perfusion has not been extensively studied yet.'?"320.21 The
proportion of cases where no measurements could be taken
even after three (3) attempts (5.2%) is similar to the num-
bers found in medical literature,?>?* where percentages
range from 2.6 to 12.3%. The fact of not being able to obtain
SpHb measurements may be due to technical errors since yet
despite the training of all the staff from the PICU in the cor-
rect placement of sensors and use of the device, the same
clinician was not present in all the measurements. Never-
theless, in our opinion, the results from this paper show the
utility of this device in daily clinical practice.

The degree of concordance between the SpHb and Hb
concentration exhibited by the core lab analyser shows the
clinical utility of this device even though its exact role is
not well defined yet. Two (2) recent meta-analysis mainly
based on studies conducted in adult patients state that this
technology is not accurate enough to be used as the sole
indicator of transfusion.?*2> However, in studies that tested
this method in surgical patients, this device seemed to be
useful for monitoring the tendency of Hb values, optimize

the moment to perform blood sample analysis, and avoid
unnecessary venipunctures. '35 On this regard, it would be
interesting to conduct cost-effectiveness studies to assess
the utility of this non-invasive method from this perspective.

Conclusions

The estimate of the Hb concentration using the non-invasive
pulse co-oximetry shows good global correlation with the Hb
concentration using the core lab analyser, though with wide
limits of concordance. In our setting, the main advantage is
the possibility of continuous non-invasive monitoring of the
tendency in patients at risk of bleeding. The reliability of
this method is limited in cases of poor peripheral perfusion.

Financing
This paper has not received any financial support.

Conflicts of interest

We the authors declare that while conducting this paper
there were no conflicts of interests linked whatsoever.

Acknowledgements

The authors of this paper wish to thank the help and collab-
oration from the nursing and medical staff at the Pediatric
Intensive Care Unit without whose kind support we could
have not conducted this study.

References

1. Bateman ST, Lacroix J, Boven K, Forbes P, Barton R, Thomas
NJ, et al. Anemia, blood loss, and blood transfusions in North
American children in the intensive care unit. Am J Respir Crit
Care Med. 2008;178:26-33.

2. Andrews T, Waterman H, Hillier V. Blood gas analysis: a study of
blood loss in intensive care. J Adv Nurs. 1999;30:851-7.

3. Vincent JL, Baron JF, Reinhart K, Gattinoni L, Thijs L, Webb
A, et al. Anemia and blood transfusion in critically ill patients.
JAMA. 2002;288:1499-507.

4. Valentine SL, Bateman ST. ldentifying factors to minimize
phlebotomy-induced blood loss in the pediatric intensive care
unit. Pediatr Crit Care Med. 2012;13:22-7.


http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0130
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0135
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0140
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0145

Noninvasive Hb monitoring in critically ill pediatric patients at risk of bleeding

215

5.

Seguin P, Kleiber A, Chanavaz C, Morcet J, Mallédant Y. Determi-
nation of capillary hemoglobin levels using the HemoCue system
in intensive care patients. J Crit Care. 2011;26:423-7.

. Vande Louw A, Lasserre N, Drouhin F, Thierry S, Lecuyer L, Caen

D, et al. Reliability of HemoCue in patients with gastrointestinal
bleeding. Intensive Care Med. 2007;33:355-8.

. Bond MM, Richards-Kortum RR. Drop-to-drop variation in the

cellular components of fingerprick blood. Am J Clin Pathol.
2015;144:885-94.

. Mimoz O, Frasca D, Médard A, Soubiron L, Debaene B, Dahyot-

Fizelier C. Reliability of the Hemo-Cue” hemoglobinometer in
critically ill patients: a prospective observational study. Minerva
Anestesiol. 2011;77:979-85.

. Adam |, Ahmed S, Mahmoud MH, Yassin MI. Comparison of

HemoCue® hemoglobin-meter and automated hematology ana-
lyzer in measurement of hemoglobin levels in pregnant women
at Khartoum hospital, Sudan. Diagn Pathol. 2012;7:30-5.

. Hiscock R, Kumar D, Simmons SW. Systematic review and

meta-analysis of method comparison studies of Masimo pulse
co-oximeters (Radical-7™ or Pronto-7™) and HemoCue®
absorption spectrometers (B-Hemoglobin or 201+) with lab-
oratory haemoglobin estimation. Anaesth Intensive Care.
2015;43:341-50.

. Radical7®. Operator’s manual. USA: Masimo Corporation; 2012.

p. 1-3.

. Park YH, Lee JH, Song HG, Byon HJ, Kim HS, Kim JT. The accu-

racy of noninvasive hemoglobin monitoring using the Radical-7
Pulse CO-oximeter in children undergoing neurosurgery. Anesth
Analg. 2012;115:1302-7.

. Patino F, Schultz L, Hossain M, Moeller J, Mahmoud M, Gunter

J, et al. Trending and accuracy of noninvasive hemoglobin
monitoring in pediatric perioperative patients. Anesth Analg.
2014;119:920-5.

. Dewhirst E, Naguib A, Winch P, Rice J, Galantowicz M, McConnell

P, et al. Accuracy of noninvasive and continuous hemoglobin
measurement by pulse co-oximetry during preoperative phle-
botomy. J Intensive Care Med. 2014;29:238-42.

15.

16.

19.

20.

21.

22.

23.

24.

25.

Berkow L, Rotolo S, Mirski E. Continuous noninvasive hemoglobin
monitoring during complex spine surgery. Anesth Analg.
2011;113:1396-402.

Moore LJ, Wade CE, Vincent L, Podbielski J, Camp E, del Junco
D, et al. Evaluation of noninvasive hemoglobin monitoring in
trauma patients. Am J Surg. 2013;206:1041-7.

. Frasca D, Dahyot-Fizelier C, Catherine K, Levrat Q, Debaene

B, Mimoz O. Accuracy of a continuous noninvasive hemoglobin
monitor in intensive care unit patients. Crit Care Med.
2011;39:2277-82.

. Phillips MR, Khoury AL, Bortsov AV, Marzinsky A, Short KA, Cairns

BA, et al. A noninvasive hemoglobin monitor in the pediatric
intensive care unit. J Surg Res. 2015;195:257-62.

Jung Y, Lee J, Kim H, Shin S, Sohn J, Kim E, et al. The efficiency
of noninvasive hemoglobin measurement by pulse co-oximetry
in neonates. Pediatr Crit Care Med. 2013;14:70-3.

Amano |, Murakami A. Use of non-invasive total hemoglobin
measurement as a screening tool for anaemia in children. Pedi-
atr Int. 2013;55:803-5.

Wittenmeier E, Bellosevich S, Mauff S, Schmidtmann |, Eli M,
Pestel G, et al. Comparison of the gold standard of hemoglobin
measurement with the clinical standard (BGA) and noninva-
sive hemoglobin measurement (SpHb) in small children: a
prospective diagnostic observational study. Paediatr Anaesth.
2015;25:1046-53.

Raikhel M. Accuracy of noninvasive and invasive point-of-care
total blood hemoglobin measurement in a outpatient setting.
Postgrad Med. 2012:124-250.

Joseph B, Aziz H, Pandit V, Kulvatunyou N, Wynne J, Tang A,
et al. Evaluation of the noninvasive spot check for hemoglobin
in the trauma intensive care unit. Crit Care Med. 2012;40:231.
Rice MJ, Gravestein N, Morey TE. Noninvasive hemoglobin mon-
itoring: how accurate is enough? Anesth Analg. 2013;117:902.
Kim SH, Lilot M, Murphy L, Sidhu KS, Yu Z, Rinehart J,
et al. Accuracy of continuous noninvasive haemoglobin moni-
toring: A systematic review and meta-analysis. Anesth Analg.
2014;119:332-46.


http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0150
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0155
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0160
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0165
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0170
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0175
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0180
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0185
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0190
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0195
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0200
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0205
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0210
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0215
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0220
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0225
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0230
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0235
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0240
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0245
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250
http://refhub.elsevier.com/S2173-5727(17)30061-9/sbref0250

	Noninvasive hemoglobin monitoring in critically ill pediatric patients at risk of bleeding
	Introduction
	Material and methods
	Goal
	Design
	Field of study
	Study population
	Study protocol
	Statistical analysis
	Ethical aspects

	Results
	Discussion
	Conclusions
	Financing
	Conflicts of interest
	Acknowledgements
	References


