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a b s t r a c t
a r t i c l e i n f o
Background: Non-invasive mechanical ventilation (NIV) is a standard respiratory support technique used in in-
tensive care units. High-Flow Nasal Cannula (HFNC) has emerged as an alternative, but further evidence isKeywords:
needed. The lung aeration and diaphragm changes achieved with these two strategies in healthy subjects have
not been compared to date.
Methods: Twenty healthy subjects were recruited. Ten were ventilated with NIV and ten underwent HFNC. Lung
impedance and diaphragmatic ultrasoundmeasurements were performed before and after 30min of respiratory
support. The Mar-index was defined as the ratio of the diaphragm excursion-time index to the respiratory rate.
Results: Both groups showed significant decreases in respiratory rate (NIV: 14.4 (4.1) vs 10.4 (1.6), p = 0.009;
HFNC: 13.6 (4.3) vs 7.9 (1.5) bpm, p = 0.002) and significant increases in the end-expiratory lung impedance
(EELI) (NIV: 66,348(10,761) vs. 73,697 (6858), p = 0.005; HFNC: 66,252 (9793) vs 69,869 (9135), p = 0.012).
NIV subjects showed a significant increase in non-dependent silent spaces (4.13 (2.25) vs 5.81 (1.49)%, p =
0.037) while the increase was more homogeneous with HFNC. The variation in EELI tended to be higher in NIV
than in HFNC (8137.08 (6152.04) vs 3616.94 (3623.03), p = 0.077). The Mar-index was higher in HFNC group
(13.15 vs 5.27 cm-sec2/bpm, p = 0.02).
Conclusions: NIV and HFNC increased EELI in healthy subjects, suggesting an increase in the functional residual
capacity. The EELI increase may be higher in NIV, but HFNC produced a more homogeneous change in lung ven-
tilation. HFNC group has a higher MAR-index that could reflect a different ventilatory system adaptation.

© 2019 Published by Elsevier Inc.
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1. Introduction

In recent years, non-invasive mechanical ventilation (NIV) has be-
come a widespread technique for ventilatory support in the Intensive
Care Unit (ICU) [1]. NIV is a standard care therapy in exacerbated ob-
structive pulmonary disease, cardiogenic pulmonary edema, and acute
respiratory failure (ARF) in immunodepressed patients. Furthermore,
it has been successfully used to avoid reintubation in other ARF patients
including those with postextubation respiratory failure and
community-acquired pneumonia [1].
ospital del Mar, Ps. Marítim, 25-

e extent, and so both appear as
In recent decades, high-flow nasal cannula (HFNC) has been de-
scribed as an effective non-invasive respiratory support technique.
HFNC achieves better aeration as well as oxygenation since it flushes
the dead space of the nasopharyngeal cavity [2-6] and reduces inspira-
tory work of breathing [3]; it reduces the metabolic cost of gas condi-
tioning as it delivers warmed and humidified air at up to 60 L/min3

and can generate a certain degree of positive airway pressure [4-10].
Its high tolerability, even among patients with ARF [11-15], makes it
an excellent non-invasive oxygen delivery technique in both adults
and children [16-20]. Although the intrinsic mechanisms of HFNC
have been discussed [3,18], further studies are needed to assess its ef-
fects on lung volume and to determine its clinical applications, espe-
cially in adults [3,6,14,18,20,21].

Both NIV and HFNC have been proved to induce changes lung aera-
tion, work of breathing and oxygenation in both healthy subjects and
patients [4,12,20,22-25]. Currently, a number of non-invasive tech-
niques are available to assess all these variables at the bedside. First,
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electrical impedance tomography (EIT) is a non-ionizing, non-invasive
method for monitoring lung ventilation at the bedside. The technique
generates cross-sectional images of the subject by applying high
frequency and low amplitude electrical currents. Using a reconstruction
algorithm, impedance images are obtained from the resulting potential
differences measured in the electrodes on the surface of the thorax. EIT
is capable of tracking regional ventilation, as a change in impedance cor-
relateswith tidal volume (TV) variations [22,26,27]. Among the applica-
tions of EIT are: monitoring during mechanical ventilation, optimal
setting of mechanical ventilation parameters, detecting changes in
lung mechanics secondary to frequent maneuvers, and detecting
changes in regional ventilation after a change in the patient's position
[22,26,27].

Second, lung ultrasound (LUS) allows regional and global visualiza-
tion of the lung since it can detect loss of aeration and its cause, but it
is not able to detect overdistention. Further, ultrasound is a good
method for determining diaphragm structure and function parameters,
by measuring variations in the thickness and excursion during the
inspiration-expiration cycle [28-30] in both healthy and critical care pa-
tients [31,32]. Diaphragmatic excursion (DE) can be used to measure
the ventilatory functionality in spontaneously breathing patients [30]
while the variation in diaphragmatic thickness, also known as the dia-
phragm thickening fraction (TFdi), is an indicator of the diaphragm's ca-
pacity for generating pressure [31,32], and is thus an indicator of
diaphragmatic failure [33]. Its limitations are the inter- and
intraobserver variability and the lack of correlation between DE and di-
aphragmatic function in controlledmechanical ventilation [30,34,35]. A
preliminary study comparing NIV and HFNC diaphragmatic and LUS
measurements in ARF patients [36] reported that NIV induced a signifi-
cant reduction in TFdi and LUS scores and a significant increase in DE
compared to standard oxygen therapy and HFNC (while HFNC did not
differ significantly from standard oxygen therapy). However, the main
limitation of that study was that ultrasound cannot provide evidence
of overdistension. Moreover, Palkar et al. [37] described the diaphragm
excursion-time index (E-T index) as a new parameter to predict
weaning outcome by means of diaphragm ultrasounds suggesting that
the prolongation of the time until reaching the maximum excursion
peak (Ti) may indicate an appropriate adaptation of the ventilatory ap-
paratus to reduce the work of breathing. On the other hand, previous
studies have shown that a significant decrease in the respiratory rate
may be an indicator of successful HNFC [4,12-14,38]. In present study,
we therefore introduced a variation of this index in an attempt to obtain
an additive effect (Mar-index).

The present study tested the hypothesis that non-invasive respira-
tory support techniques such as NIV or HFNC may generate changes in
pulmonary aeration or diaphragm mechanics in healthy subjects that
can be detected by impedance and/or ultrasounds. The aimwas to com-
pare the differences in pulmonary aeration and diaphragm function
generated by these two respiratory support strategies, NIV and HFNC,
using EIT and ultrasound measurements in healthy subjects. Assessing
these possible changes in healthy volunteers might help to predict
their effects on patients with ARF, and might therefore provide key in-
formation for the design of future studies.
2. Material and methods

This original single-center prospective interventionist cohort study
was conducted at the Critical Care Department of the Hospital del Mar
in Barcelona. It was led by the research group (Critical Illness Research
Group, GREPAC) at the Hospital del Mar's Institute ofMedical Investiga-
tions (IMIM). The Ethics and Research Studies Committee approved
the study on November 12, 2015 (IRB: 2015/6444/I) and written in-
formed consent was obtained from all subjects prior to their recruit-
ment. The paper was written in accordance with the STROBE
recommendations.
2.1. Subjects

Twenty healthy subjects similar for age, sex and weight were re-
cruited and randomized by blocs to (1) NIV vs (2) HFNC, and then con-
secutively included in the study depending on their group (first NIV and
then HFNC). A loss of aeration evidenced by LUS at baselinewas consid-
ered grounds for exclusion from the study.

2.2. Study procedures

Age, sex, bodymass index (BMI) and smoking habit were registered.
We allowed the breathing patterns to vary. However, before the base-
line measurements all subjects rested for 5–10 min in order to reach a
physiological steady state. Afterwards, they were ventilated and the
samemeasurementsweremade after 30min of each technique. Systolic
blood pressure (BP), diastolic BP, mean BP, hearth rate (HR), respiratory
rate (RR) and peripheral capillary oxygen saturation (SpO2) were regis-
tered at baseline and at 30 min. TV was recorded in NIV group. EIT, LUS
measurements and diaphragmatic ultrasound were made at baseline
and at 30 min.

2.3. Application of NIV

Conditioned room air (FIO2 0.21)was deliveredwith the Respironics
V60®device (Philips, Amsterdam,Netherlands) through an oronasal in-
terface at an Inspired Positive Airway Pressure (IPAP) of 10 cmH2O and
an Expired Positive Airway Pressure (EPAP) of 6 cmH2O throughout the
procedure. The IPAP valuewas set to theminimumvalue to compensate
for the resistance of the respiratory support circuit and thus ensure an
acceptable TV. The EPAP value was set to match the continuous positive
airway pressure generated with the HFNC, as in Parke's study [9]. The
subjects were in a semi-recumbent position at 45° during the test.

2.4. Application of HFNC

Conditioned room air (FIO2 0.21) was delivered with the Optiflow®
device (Fisher & Paykel healthcare, Auckland, New Zealand) at a con-
stant flow of 60 L/min during 30 min. The humidifier (AIRVO®2, Fisher
& PaykelHealthcare, Auckland, NewZealand) temperaturewas set to 37
°C, and the air was delivered by silicon nasal cannula (RT050/051®,
Fisher & Paykel Healthcare, Auckland, New Zealand). The subjects
were in a semi-recumbent position at 45° during the test, and breathed
with their mouth closed.

2.5. Lung aeration measurements

1. Electrical impedance tomography: EIT was measured with the
Swisstom BB2® device (Swisstom, Landquart, Switzerland). The
inner surface of the belt containing the 32 electrodes (SensorBelt®,
Swisstom, Landquart, Switzerland). The belt was placed around the
chest along the sixth intercostal space. EIT data were continuously
recorded and later analysed on a personal computer using
Swisstom's EIT Data Analyser (ibeX 1.1, Swisstom, Landquart,
Switzerland). An example interface image is displayed in Fig. 1. The
following EIT-derived parameters were measured at baseline and
30 min as the average of 30 consecutive breaths:
- Region of interest (ROI). The tidal ventilation distribution was
analysed by dividing the lung into three horizontal parallel regions
(ROI) within the chest contour: ventral, central and dorsal. The
software summed the ROIs and calculated their proportion to
each other.

- Centre of ventilation (COV). This was the geometrical focal point of
the overall ventilation expressed as a percentage of the ventral-
dorsal and right-left extension of the identified lung region,
where 0% refers to ventilation occurring in the most ventral lung
region and 100% in the most dorsal part. The same applies for the



Fig. 1. Impedance changes produced by non-invasive ventilation (NIV). Note the sudden increase in arbitrary units (vertical axis) when NIV is applied.
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right-left extension (0% refers to the most-right and 100% to the
most left).

- Dependent and non-dependent silent spaces (DSS and NSS). The
silent spaces were defined as the smallest impedance changes
(b10%) of the maximal impedance change measured. They were
classified into DSS and NSS by a virtual line perpendicular to the
COV. Their analysis provides information about lung areas that re-
ceive less air during tidal breathing and are thus hypoventilated. If
they are located on the dorsal half of the lungs (dependent areas),
it is very likely that these areas will be collapsed, filled with fluid
or closed; if they are located on the ventral half of the lungs
(non-dependent areas), they are more likely to be distended or
overdistended. The amount of silent spaces was expressed as a
percentage of the entire ROI.

- End-expiratory lung impedance (EELI). EIT values at the end of the
expiration (EELI) were correlated with end-expiratory lung vol-
ume (EELV), and thus with residual functional capacity and lung
aeration [22,26,27]. Relative impedance values were measured in
arbitrary units.

- EELI variation (ΔEELI). An increase in EELI has been associatedwith
an increase in TV [22,26,27]. We calculated the difference between
baseline and 30-min EELI.

2. Lung ultrasound: For the ultrasound measurements we used the
Vivid I® ultrasound device (General Electric, Fairfield, CT, USA). The
LUS measurements were performed with a 3.5–5 MHz probe. Four
quadrants of each hemithoraxwere examined (anterior superior, an-
terior inferior, lateral superior and lateral inferior) and each one was
rated according to the aeration evidenced: 0 = normal aeration (A
lines or b 3 B lines); 1 = moderate loss of aeration (multiple B
lines); 2 = severe loss of aeration (confluent B lines); 3 = alveolar
consolidation (tissue pattern). The LUS score, ranging from 0 to 24,
was calculated by adding together all the quadrant rates.

2.6. Diaphragmatic function measurements

With the subject angled at 45°, DE and TFdi were measured in all
subjects at baseline and at 30 min. The same experienced observer per-
formed all themeasurements and later the blind image analysis. For the
DE measurement, each individual was examined with a 3.5–5 MHz
probe under the right costal ridge at the level of the middle clavicle
line. Using the ultrasound device's M-mode, we calculated the mean
of three measurements. For the diaphragm thickness measurements
we used a 10–12MHz probe and placed it over the 9th–10th intercostal
space at the level of the anterior axillary line. TheM-modewas also used
to perform three measures of inspiration and three of expiration. The
average values were calculated, and then the TFdi was calculated
using the following formula: [(end-of-inspiration thickness - end-of-
expiration thickness)/end-of-expiration thickness] per 100. An explan-
atory image is provided in Fig. 2.

2.7. The Mar-index

The E-T index was calculated as the product of DE and Ti as previ-
ously described [37]. The new Mar-index was calculated as E-T index
× 100/RR.

Palkar et al. [37] described the diaphragm excursion-time index (E-T
index) as a new parameter to predict weaning outcome by means of
diaphragm ultrasounds. The E-T index was calculated as the product
of DE and the time until reaching the maximum excursion peak (Ti).
The authors suggested that the prolongation of Ti might indicate an ap-
propriate adaptation of the ventilatory apparatus to reduce the work of
breathing. On the other hand, previous studies have shown that a signif-
icant decrease in the respiratory rate may be an indicator of successful
HNFC [4,12-14,38]. We therefore introduced a variation of this index
in an attempt to obtain an additive effect. We named the E-T index
× 100/RR the Mar-index (ie., defined by the Hospital del Mar team).

2.8. Statistical analysis

Sample size was obtained using the ARCSINUS approximation.
Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided
test, 10 subjects were required in the first group and 10 in the second
group to detect a statistically significant difference in EELI between
the two proportions, assuming a proportion of 0.40 in the NIV group
and 0.1 in the HFNC group. A rate of 0% losses to follow-up was
estimated.

Following the results of the Kolmogorov-Smirnoff test, the categori-
cal variables were expressed as frequencies and percentages and the
continuous variables as means and standard deviation (SD) when the
data followed a normal distribution, or as medians and interquartile
range (IR,25–75%) otherwise. The differences between the groups
were analysed with the chi-square test (χ2) for categorical variables
and the Student's t-test or theMann-WhitneyU test for continuous var-
iables. For the comparison between variables in the baseline situation
and at 30 min of respiratory support, t-test for paired data or the
Wilcoxon test were used as necessary. Statistical significance was
established at p b 0.05. The data were analysed using the statistical
package for social sciences 15.0 (IBM® SPSS Stadystics®, Chicago, IL,
USA) for Windows.

3. Results

Twenty healthy subjectswere included, 10 ofwhomwere ventilated
withNIV and 10withHFNC. Therewere nodifferences in age (32.5 (6.5)
vs 34.8 (10.6) years), sex (60% females vs 40% males) or BMI (22.78
(3.40) vs 23.39 (3.60) kg/m2) between subjects included in the two
groups (p N 0.05). Individuals who underwent HFNC presented a de-
crease in diastolic BP, though it was not clinically significant (Table 1).
TV in the NIV group was 890 ml (179).

EIT results are shown in Table 1 and Figs. 3 and 4. Briefly, both tech-
niques produced a significant decrease in RR and a significant increase
in EELI. NIV also induced a significant increase in NSS after 30min of re-
spiratory support. Furthermore, significant decreases in left central ROI
were observed in the NIV group. HFNC produced a greater decrease in
RR, but ΔEELI tended to be higher with NIV.

No differences were found in classical LUS or diaphragmatic param-
eters between baseline and 30 min measurements in either NIV or
HFNC (Table 1). A significant increase in the E-T index was evidenced
in HNFC group without significant changes in the NIV group (Table 1).
However, when we calculated the E-T index changes between the two
techniques the median (IQ) variation between baseline and 30 min
was −0.07 (−0.69–1.10) with NIV compared with 1.27 (0.6–1.74)
cm-sec (p = 0.09) with HFNC. Associating those changes with changes
in respiratory rate (E-T index × 100/RR), defined as the Mar-index, we



Fig. 2. (A) M-mode measurement of diaphragm thickness variation of the right hemidiaphragm. The diaphragm is seen as 3 parallel lines: 2 hyperechogenic layers and a thicker, central
hypoechogenic layer. Number 1 is the inspiratory thickness and number 2 is the expiratory thickness. Diaphragm shortening fraction is the difference between the inspiratory thickness
and the expiratory thickness. (B)M-modemeasurement of diaphragmexcursion during a normal inspiration. The diaphragmcan be seen as a hyperechogenic line indicatedwith an arrow.
The excursion is measured as the difference between the end of the inspiration and the end of expiration (cm).
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found a change of 5.27 (−2.39–8.80) cm-sec2/bpm with NIV vs 13.15
(7.36–26.51) cm-sec2/bpm with HFNC (p = 0.02).
4. Discussion

In recent years, HFNC has been shown to be a good method of non-
invasive respiratory support in the ICU. However, to our knowledge, this
Table 1
Clinical data, EIT measurements, diaphragm ultrasound and lung ultrasound results at baseline

NIV

n = 10

Baseline 30'

Clinical data
Systolic BP, mmHg, mean (SD) 115.8 (11.2) 111.5 (14.7)
Diastolic BP, mmHg, mean (SD) 65.7 (8.6) 64.3 (6.9)
Mean BP, mmHg, mean (SD) 82.4 (6.7) 80.0 (8.4)
HR, BPM, mean (SD) 77.6 (11.1) 70.9 (12.0)
RR, bpm, mean (SD) 14.4 (4.1) 10.4 (1.6)
SpO2, %, mean (SD) 98.6 (0.8) 98.8 (1.3)

EIT measurements
ROI, right ventral region, %, mean (SD) 7.14 (6.88) 7.13 (4.82)
ROI, left ventral region, %, mean (SD) 6.10 (2.74) 5.12 (2.71)
ROI right central region, %, mean (SD) 31.32 (6.34) 33.72 (6.92)
ROI, left central region, %, mean (SD) 21.57 (4.98) 18.96 (5.80)
ROI, right dorsal region, % (SD) 20.47 (8.71) 22.55 (8.41)
ROI, left dorsal region, %, mean (SD) 13.36 (3.53) 12.48 (3.72)
COV Ventral-Dorsal axis, %, mean (SD) 58.10 (5.08) 58.34 (4.41)
COV Right-Left axis, %, mean (SD) 46.11 (5.08) 43.41 (6.43)
DSS, %, mean (SD) 1.71 (2.61) 0.38 (0.91)
NSS, %, mean (SD) 4.13 (2.25) 5.81 (1.49)
EELI, AU, mean (SD) 66.348 (10.761) 73.697 (6.85

Diaphragm ultrasound
Right TFdi, %, mean (SD) 46 (18) 50 (19)
Left TFdi, %, mean (SD) 56 (38) 40 (18)
DE, mm, mean (SD) 22.49 (7.71) 20.20 (6.28)
ET-index, cm x sec, mean (SD) 3.0 (1.6) 3.1 (1.5)

Lung ultrasound
LUS score, median (IR) 0.5 (0.0–1.0) 0.0 (0.0–0.5

NIV: non-invasive ventilation,HFNC: high-flow nasal cannula, BP: blood pressure,mmHg: mil
BPM: beats per minute, RR: respiratory rate, bpm: breaths per minute, SpO2: peripheral capilla
center of ventilation, DSS: dependent silent spaces, NSS: non-dependent silent spaces, EELI: en
variation, TFdi: diaphragm thickening fraction, DE: diaphragm excursion, ET-index: diaphragm
is the first study comparing ventilatory changes between NIV andHFNC
in healthy semi-recumbent subjects at rest.

Our results show that both strategies increase EELI in healthy sub-
jects because, as previous studies have demonstrated, they both pro-
duce positive airway pressure [2,3,7,9,23]. A good correlation has been
described between changes in lung impedance measured by EIT and
changes in lung volume [27], suggesting an increase in functional resid-
ual capacity. Even though our results were not statistically significant,
and 30 min in NIV and HFNC groups.

HFNC

n = 10

p Baseline 30' p

0.190 112.2 (13.1) 110.5 (13.8) 0.730
0.473 69.6 (9.4) 63.1 (6.3) 0.021
0.185 83.8 (9.5) 78.9 (8.3) 0.091
0.078 72.5 (15.2) 71.1 (13.2) 0.575
0.009 13.6 (4.3) 7.9 (1.5) 0.002
0.555 98.5 (1.2) 97.9 (1.8) 0.260

0.993 4.93 (3.51) 5.54 (4.07) 0.288
0.05 5.76 (3.37) 5.54 (2.38) 0.673
0.165 30.46 (7.00) 30.36 (7.79) 0.943
0.034 19.51 (8.33) 20.28 (5.98) 0.580
0.199 25.87 (11.07) 24.20 (7.03) 0.347
0.445 13.46 (3.44) 14.05 (4.72) 0.650
0.819 60.56 (4.67) 60.12 (4.68) 0.455
0.066 44.36 (8.07) 44.93 (5.87) 0.720
0.149 0.55 (0.88) 0.62 (1.14) 0.539
0.037 5.25 (2.19) 4.94 (1.63) 0.533

8) 0.005 66.252 (9.793) 69.869 (9.135) 0.012

0.548 45 (22) 46 (26) 0.868
0.378 58 (34) 59 (20) 0.338
0.803 20.84 (6.01) 21.18 (7.88) 0.812
0.432 2.8 (1.5) 4.2 (2.4) 0.005

) 0.438 0.0 (0.0–1.2) 0.0 (0.0–0.2) 0.434

limeter of mercury, SD: standard deviation, ns: non-statistically significant,HR: heart rate,
ry oxygen saturation, EIT: electrical impedance tomography, ROI: region of interest, COV:
d-expiratory lung impedance, AU: arbitrary units, ΔEELI: end-expiratory lung impedance
excursion-time, LUS score: lung ultrasound score, IR: interquartile range.



Fig. 3. Significant results between baseline and 30 min: RR (A), NSS (B), EELI (C), ROI - Left ventral region (D) and ROI - Left central region (E).
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they suggest that this increase is slightly higher in NIV. However, the
ventilation changes produced with HFNC are more homogeneous than
with NIV. This is reflected in the significant increase of the non-
dependent silent spaces in the NIV group, compared with the absence
of any significant changes in the HNFC group. These homogeneous
changes have previously been reported in ARF patients undergoing
HFNC compared with oxygen facial mask [39]. These resultsmay be rel-
evant for lung injury patients, inwhomNIV distribution changesmay be
more notable and could lead to overdistension. In that sense, Frat et al.
[40] showed that HNF achieved lower mortality in the ICU and at
90 days in ARF patients compared with NIV. The authors hypothesized
that this increase in mortality in NIV could be related to an increase in
the ventilator-induced lung injury due to higher tidal volumes. It is
probable that NIV produces this more heterogeneous aeration, and
therefore the possibility of overdistension could play a fundamental
role in this increase in mortality. As expected, there were no differences
in any LUS measurements after NIV or HFNC. As the subjects were
healthy, they presented LUS scores of 0 or very close to 0 in the baseline
measure before respiratory support. These results are consistent with
the preservation of aeration detected by impedance.

There is little information in the literature on the effect of these two
strategies on diaphragmaticmechanics [29], probably because of the ab-
sence of a simple and accurate method for their assessment in the ICU
until the introduction of diaphragm ultrasound. In the present study,
no significant differences were found in classical diaphragmatic ultra-
sound measurements when using either NIV or HFNC. However, when
we combined the assessment of the DE with the Ti and the RR to calcu-
late theMar-index, it was significantly higher in the HFNC group, which
probably indicates differences in the adaptation of the ventilatory appa-
ratus. TFdi seems to be the best ultrasound parameter formeasuring the
diaphragmatic function [33]. However, its measurement may not be
easy. What is more, diaphragmatic function is not the only determinant
of weaning failure or ARF. Therefore, an index that takes into accounts
not just the diaphragmatic function but also adaptive capacity and ven-
tilatory function would be very useful. In this context, the Mar-index
combines the information from the E-T indexwith an important clinical



Fig. 4.Most relevant results comparing NIV and HFNC after 30 min of treatment: RR (A) and ΔEELI (B).
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predictor like the respiratory rate. Therefore, it would be interesting to
analyse this index during the period of weaning frommechanical venti-
lation or in ARF patients, and its possible relationship with outcomes.

This study has some limitations. First, the EIT only measures a cross-
sectional slice of the lung, ignoring the rest of the organ. We could only
measure TV directly in subjects undergoing NIV, whereas in HFNC sub-
jects we inferred the TV variations from the EELI values. It is worth not-
ing that several authors have reported a good correlation between
variation in TV and in EELI [27].We did notmeasure the partial pressure
of carbon dioxide (pCO2) because its non-invasive measurements in
mechanically ventilated subjects are hard to apply and assess. Finally,
these findings are only applicable to healthy subjects; however, they
shed light on the different pathophysiological mechanisms by which
these two systems act, and provide a rationale for the design of a
study in ARF patients.While acknowledging these limitations, we stress
that this is the first study to compare the lung and diaphragmatic effect
(aeration andmechanics) of NIV and HFNC in healthy subjects using EIT
and ultrasound measurements.
5. Conclusions

Both respiratory support strategies increase the functional residual
capacity, as suggested by the RR decrease and EELI increase in our sub-
jects. Ventilation changes produced by HFNC are more homogeneous
than those produced by NIV. We also describe the Mar-index a new
score that combines ultrasound with clinical changes and that could re-
flect the degree of the ventilatory system adaptation. This study may
help to assess certain differences in aeration between these two non-
invasive respiratory support techniques and thus develop new ventila-
tory support strategies for hypoxemic patients.
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