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Lung imaging: how to get better look inside the lung
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Abstract: In the last years, imaging has played a key role in the diagnosis and monitoring and critical
illness, including acute respiratory distress syndrome (ARDS). Chest X-ray (CXR) and computed
tomography (CT) are the conventional techniques most performed in the critically ill patients, the latter
being the gold standard to assess lung aeration in ARDS patients. In addition, two bedside techniques are
now gaining popularity alongside the conventional ones: lung ultrasound (BS) and _
_ (BIT). These techniques do not involve the use of ionizing radiations, are non-invasive and
relatively easy to use, and are under extensive investigation as a complement, and for some application
a substitution of conventional techniques. At last, positron emission tomography (BEM) and magnetic
resonance imaging (WIRI) can provide functional information on the lung and respiratory function, and are
increasingly used in F6S€aReR to improve the understanding of the pathophysiological mechanisms underlying
ARDS. The purpose of this review is to give an up-to-date overview of the conventional and emerging

imaging techniques available the diagnosis and management of patients with ARDS.
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Introduction identificd as such: this suggest that an improvement of the

Acute respiratory distress syndrome (ARDS) is a complex diagnostic process, including imaging, is still warranted (2).

.. . . . . . The purpose of this review is to provide a comprehensive
clinical entity, and since its first definition imaging had a purp p p

key role in identifying its hallmark: _

In the last decades, several definitions of ARDS were

overview of the role of different imaging techniques in the
diagnosis and management of ARDS patients.

proposed until the current Berlin definition (1), all of them

comprising imaging as a diagnostic criterion. Nonetheless,
both conventional and emerging imaging techniques had a
dramatic technological improvement and were extensively
studied in ARDS patients both for diagnosis and for
monitoring the effects of therapy or the clinical evolution.
A recent large observational trial reported an ihcidence of

ARDSAr6und10%, with a relevant proportion 0§ correctly
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Conventional imaging techniques

Two techniques have a predominant role in the current
clinical practice, for their ease of use, widespread availability
and on which most of the evidence concerning ARDS have
been built: chest X-ray (CXR) and computed tomography
(CT), either evaluated clinically or quantitatively, based on
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the computer-based analysis of the acquired images. This
paragraph illustrates the role of these two conventional
techniques.

CXR

When heart failure is excluded or at least not fully
explanatory of the respiratory failure, the presence of
bilateral, homogenous or inhomogeneous and UiffuSe
IAIEFATES observed on the frontal CXR is

3). This
characteristic iiaging pattern corresponds to one of the
typical anatomopathological signs of ARDS, that together
with hyaline membrane
damage (4). Usually, three or more lung lobes are involved
in this inflammatory process, therefore the low specificity of
CXR results in a laborious differential diagnosis with other,
often overlapped, pulmonary conditions such as pneumonia,
atelectasis and pleural effusion. In fact, the Berlin definition

underlines the [oW/Sensitivity and specificity oF CXR

to evaluate the amount of non-cardiogenic interstitial
oedema (1). The course of ARDS is divided in fhfee phases,
that could have corresponding CXR findings, even if the

distinction between them is not always simple (5): acute,
intermediate and late (6).

During the BEU#€ phase, ithin 48 h from onse:, CXR
could [0t SHOW any pathological Sign, after then a -

and diffuse bilateral opacities appear

as ‘white lung’ image (Figure 1A4); moreover, -
iand BECIEEESHS are a frequent finding. In
this phase, [ing VOIIMES are dramatically feduced and start

posing a serious challenge for mechanical ventilation. For a

specific radiologic diagnosis, the CXR should [0t SHOW sign

of heart Bl such as Beart SRAPE enlargement, Septal liNes
and PletFal BFUSION: a comprehensive clinical evaluation is
mandatory to perform an accurate differential diagnosis. In
the iftermediate or Proliferative phase, occurring within
1Z2WEEKs from ARDS Bliset, the CXR aspect stabilizes
presenting usual ASyIMMEric Consolidation and Persistent
Qiffise INAIEAtes. Ac this stage, the lung tissue is prone to
initiate a/fibrOtC degeneration process. The [até or fibrotic

phase is the most Jamiable phase, influenced by intra- and
inter-patient factors that can heavily affect the clinical

outcome. In a widely variable interval of time, radiologic
findings tend to improve, and the complete lung damage
resolution depends on the severity of the ARDS, along
with the patient’s response, underlying condition and
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comorbidities. The lung matrix is characterized by fibroblast
proliferation as reaction to persistent inflammation, CXR
may show a focal or a diffuse FetiCUlar pattern that usually

corresponds to an {creased physiological dead space.
ARDS can F€S0IVE completely BF progress to itfeversible

fiDFOSIS: CXR will either show a restitutio ad integrum or a
typical fibrotic pattern (Figure 1B).

Despite this formal classification, the correct interpretation
of CXR in ARDS patients remains challenging. In
fact, EBREFEMSNO univocal, reproducible and reliable
method o Fecognize and define ARDS Severity with
EXR only. Researchers tried to validate against CT
different scores to quantify interstitial lung oedema at the
CXR (7), but their use in the current clinical practice is

limited, as the reproducibility of these scores has been
questioned, especially in case offfOCalI0SS OF deration (3).
Nonetheless, bedside CXR is almost daily performed in
ICU also nowadays, for other purposes than monitoring
ARDS evolution, as it is inexpensive, widely available
and undoubtedly useful for the detection of secondary
complications such as pneumothorax and displacement of

devices (9). Nevertheless,
for instance, when used to

determine level of FECHUItMENt at different levels of PEEP,

it has a major issue: the ANUER0-POSIERIOL regions of the lung

are , devices and technical images acquisition can

limit the correct recruitment evaluation (10).

In conclusion, CXR is a still widely performed, fast,
non-invasive and bed-side technique particularly useful to
detect unpredictable acute conditions and device-related
complications. Nonetheless, if used as a monitoring tool
frequent exposure to ionizing radiations can be a concern,
without guaranteeing high sensitivity and specificity,
especially in the earlier stages (11).

CT has profoundly changed the understanding of the
pathophysiological processes underlying ARDS (12), and
contributed to a better description of the topographic
distribution of the loss of aeration.

CT can both be assessed Visually, as typically done by

radiologists, or (Uantitatively with
In fact, CT creates an image in which €ach Volume -

(VOxel) is attributed a Yalllé corresponding to its ability to

attenuate X-rays, and it is normalized to a standard scale

(Fiounsfield units (FIT)), in which EI000 and { correspond
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Figure 1 Chest X-ray of two patients with ARDS. (A) Patient with a severe ARDS in early phase, during non-invasive ventilation; (B)

patient with a late fibrotic pattern in the context of a severe ARDS. ARDS, acute respiratory distress syndrome.

to B and |Vatel AEERUALION, respectively. Aftenuation
mainly depends on the Htomic number of Chemical

elements composing the biological tissue, therefore, given
a specific organ in which the elemental composition is
substantially stable, such as occurs in lungs, HU can provide

a—
13). Lung in ARDS is studied with a two-

compartments model, assuming voxel density as the

weighted average between fissuerdensity (0 HU) and
g8 densiny (B15000 HU). Lung Weight can be estimated
Multiplying density and YOIIME, and arbitrary thresholds
have been defined to distinguish BYper-, normally-, poorly-
and jon-aerated lung fiSsue.

One of the first fields of application of CT was the
assessment of PEEP effects in terms of lung FeCruitiment,
namely the amount of lung tissue that is re-aerated due to
an increase in airway pressures (14). Nowadays, CT remains
the gold'standard imaging technique to Evaluate Aeration in
ARDS patients and it is used to validate emerging imaging
techniques (15). CT gave a major contribution to the
development of thefSbabyiling’ concept: this functional
entity, whose size is related to ARDS severity, is the portion

of the lung parenchyma still physiologically Aerated without
Eollapsed or Ryperinflated areas, therefore the
the ‘baby lung’, the [oWer the lung Eompliance (16). This

concept provided a pathophysiological rationale for the use
of low tidal volume ventilation (17), and PEEP to maintain
the patency of respiratory units (18).

The most common (G fiflding in ARDS is the presence
of large infiltrates and 108§ of BEFation especially in the
dorsal dependent regions (Figure 2). Compared to CXR,
CT allows a more precise assessment of the morphology
and distribution of the lesions, nonetheless ARDS has a
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broad spectrum of radiological manifestations, therefore
differential diagnosis with other lung conditions can still
be complex. In the [ate phase, CT detects precisely the

possible Evolition of [ing @AMage: patients who survived
after severe ARDS can show a [loneycomb-like pattern,
indicating an iffeversible fibrosis with FeStrictve syndrome.
Concerning ARDS ventilatory management, CT can be
useful to assess the degree of recruitment potential, namely
the Fesponsiveness o higher PEEPIEVELS (19), the concept
of ventilation titration based on imaging has been then
proposed (20). Several studies assessed the responsiveness

to recruiting by performin
e.g., 5845 cmH,0

(19,21). However, it has still fo/be demonstrated that
setting PEEP according t0/imaging can {MpEove the clinical

However, higher PEEP levels could keep open the

dependent lung areas but

n the aerated ones. In a
recent paper, opening pressures were higher than what
is commonly considered safe especially in moderate and
severe ARDS (22): the clinician must therefore balance
between the risk of lung de-recruitment and atelectrauma

and that of volutrauma (23). Moreover,
especially for

the quantification of the hyper-aerated lung tissue (24).

CT has important -, mainly the difficulties of
the EEANSPOLE of critically ill patients from the ICU to the
radiology facility, the exposure to a Bigh dose of ionizing

Fadiations and the [GNgIPOSEProCEsSing time required to

perform quantitative analysis (15). The following section

illustrates several experimental protocols that were proposed
to overcome the latter two issues.
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Figure 2 Computed tomography of two patients with ARDS. (A) Patient with a severe ARDS in early phase, showing diffuse bilateral
infiltrates and small dorsal consolidated areas; (B) patient with afibFOtIC Patterh developed in the late phase of an ARDS, showing diffuse

infiltrates with areas of [HONEYCOMD! pattern and left pleural effusion. The scans were obtained on the SAmeipatients and/Samerday as in

Bigiidli. ARDS, acute respiratory distress syndrome.

_ CT acquisition protocols

For the purpose to reduce the workload to estimate lung
aeration two methods have been proposed: extrapolation
of a sub-set of ten slices from a whole-chest CT
scan (25), and visual instead of computer-based image
assessment (21). Concerning dose exposure reduction, low-
dose spiral CT protocols with a reduced tube current have
been tested (26), while more recently a protocol tried to
combine low current tube with prospective acquisition of
a reduced number of thin slices (27). All these strategies
showed good concordance with the aeration assessment
performed with conventional whole-chest CT scan, and
could be useful to widen the clinical and research application
of CT, especially when multiple scans are required, as is the
case when recruitment is assessed performing the CT scan
at two levels of PEEP. Tuble 1 (21,22,25-30) compares the
main characteristics of these experimental protocols.

In conclusion, CT has still nowadays an unreplaceable
role in the study and clinical management of ARDS.
Technology advances in new emerging bedside
techniques could make it avoidable in the future. The
availability of low-dose scanning protocols could be a
compromise to increase the clinical applicability of CT
and quantitative CT.

Emerging imaging techniques at the bedside

In addition to CXR and CT, that have gained a consolidated
role in the diagnostic and management of ARDS patients,
two other techniques are emerging for their ability to
assess lung aeration at the bedside without using ionizing

© Annals of Translational Medicine. All rights reserved.

radiation: the lung ultrasound (LUS) and electrical
impedance tomography (EIT).

The use of transthoracic ultrasound has been confined
for many years to the study of cardiovascular structures:
the combination between air acoustic impedance and the
intense ultrasound reflection, arising from the bone-lung

parenchymal interface, produces [ASsive FeVerDerations

effects, making the @hatomical Visualization of healthy
d(B 1). The presence of exudate, transudate,

collagen and blood changes the lung tissue’s density

through a FEdUCEON of the @if content, dEcreasing the

acoustic [ISMAted with the surrounding tissues. As a

COnSEquence, the MIERASOUAA beam can be partly Feflecied

at - - in injured lungs (32). The comprehension

of the typical artefactual signs of lung sonographic imaging

and the recurrence of specific patterns have contributed
to a growing interest about LUS. We now witness the
constitution of a more coherent body of evidence on this
technique and international guidelines (ICC-LUS) have
been developed concerning the use and limitations of LUS
in the clinical practice (33).

With LUS, clinicians can recognize ribs, pleural
movement as the SidiNg of two regular lines corresponding

to the pleural sheets, PUls@ determined by the [Fansmission
of heartheat to the plelird and parenchyimal Feverberation

BFGIfACES or consolidated parenchyma. Lung aeration
status can be summarized in fOUF different echo Patterns
(Table 2). The extension of B-pattern images in the chest
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Table 1 Protocols proposed for the reduetion of either dose exposure or operator workload for quantitative or semi-quantitative lung aeration

assessment in ARDS

Irradiated portion  Number of slices

Estimated dose

Method of the chest used in the analysis Validation reduction Limitations
Retrospective Extrapolation of Whole chest 10 Retrospective (157 NA No dose
extrapolation of slices 10 equally spaced critically ill patients, reduction
(25) 41 ponies, 23 pigs,

11 sheep)

Low dose spiral CT (26) Spiral scans at 60 Whole chest 30-40, 5 mm-slices Prospective (45 -70% with 30  No
patients with ARDS  mAs reduction
at two PEEP levels, of number
14 sheep) of slices

Visual assessment (21) Visual estimation ~ Whole chest 30-40, 5 mm-slices Retrospective (50 NA No dose

of recruited lung patients with ARDS, reduction

Ultra-low dose
sequential CT (27)

tissue at two PEEP

scans performed at
two PEEP levels)

1 mm portions 10-12, 1 mm-slices Prospective (12 pigs), —97% with Longer

sequential scan interleaved by
performed with 180 20 mm of non-

irradiated chest

retrospective (32 50 mAs acquisition
critically ill patients) time

ARDS, acute respiratory distress syndrome; PEEP, positive end-expiratory pressure; CT, computed tomography; NA, not applicable.

Table 2 Lung ultrasound patterns and corresponding clinical interpretation

Pattern Image

Findings

Interpretation

B1

B2

© Annals of Translational Medicine. All rights reserved.

Reverberation artefacts parallel to the
pleural line (A-lines)

Multiple vertical artefacts (B-lines)

Multiple, coalescent B-lines

Real image, not artefact with tissue-like
echogenicity, or shred sign (typical of
alveolar consolidation)

Expression of a physiologically aerated lung when
accompanied by the sliding sign of the pleural layers, but
could also be present in hyper-inflated regions—normal
lung aeration

Correlated to extra vascular lung water content, absent

in normal lung, hallmark of the alveolo-interstitial
syndrome —moderaie loss of aeration

Further progression of the B1 pattern—gevere loss of
aeration

Visible when consolidations are extended to the pleura—
collapsed or consolidated lung tissue
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correlates with the presence of interstitial syndrome as
detected by CT scan (34), and also with the amount of

LUS can help the clinician in the diagnosis of ARDS,

but, the mere presence of BEpattern images bilaterally is Hot
SPEGific as it Cannot disunguish between ARDS and other

diseases characterized by a sonographic image of interstitial

syndrome as _ pulmonary 9édéma. Nonetheless,
the ICC-LUS agrees that the presence of diffuse and
inhomogeneous distribution of BUINES, characterized by
preserved @A affected areas with different degrees of
§everity, associated with plétral line Abnormalities and the
FEdUCEon or ABSENEE of pleural SHAIAG, accompanied by
sub-pleural and/or pulmonary CORSOlidations especially
in frontal areas, is Strongly indicative for ARDS (33,36).

Nonetheless, a recent observational study proposed a

modification of the Berlin criteria replacing arterial blood
gas analysis and conventional imaging with pulse oximetry
plus LUS, which could be of particular interest in low-
resource settings (37).

A concomitant

examination can be
of help in the differential diagnosis, providing important

information about the Gardiac function, pulionary
BypErtension, diameter of Eava Weill and diastolie
AYSEINGEON, improving the identification of the best
ventilator settings, minimizing detrimental hemodynamic
effects secondary to the use of glévated PEER levels (38).

Studies on animal models suggest that LUS can be useful
in early diagnosis of ARDS, as

likely expression

of EXtravasculat lung Water accumulation, when GXR

has particularly [0W Sensitivity (39). A strong correlation
between quantitative LUS grayscale analysis and EVLW

density in isolated bovine lungs (40). This could-
_ potentially promoting a prompter

implementation of protective ventilatory strategies.
Another potential role of LUS is the fONitoring of
ARDS progression and the effects of ventilation settings.
The [088 of B€Fation and its regional distribution can be
estimated with B8 (33,41) through the attribution of
BUMEric Vallies at each LUS pattern. Thereafter, various
algorithms have been created to use LUS as a tool for
the respiratory monitoring and diagnostic of critically
ill patients (42). Seoreshased US can assess aeration
or changes in aeration SGmi-quantitatively in different

thoracic districts, allowing a better understanding of the

lung morphology and the distribution of focal or diffuse

© Annals of Translational Medicine. All rights reserved.
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aeration loss in the early phases of ARDS (41). A score
based on the examination of predefined chest regions use
was studied, validated and applied in different aspects of
the management of the ARDS patient, including PEEP
titration (43), - to _ manoeuvres (44),
prone positioning (45) and during the Weaning phase (46).
In conclusion, LUS is non-invasive, available at the
bedside, reproducible, inexpensive, and does not require

ionizing radiation. However,
ﬂit is - to use in
subjects with alterations of the rib cage subcutaneous
emphysema or surgical dressings, due to
h In addition, this is an -
technique, although characterized by a Steep ICarning curve
and a §00d intra and inter-observer _ 41).

patients, in

Lung EIT is a non-invasive, radiation-free technique that

47). It is based on the physical

PHRCIpIE that ChANGES in lung gaS Content MOdify its
impedance: fung Fesistivity depends on anatomy, g and bk
content, amount of tracellular and EXtracellular 1id§ and
BI6od content. Therefore, during mechanical Jentilation,
lung impedance AEpends strictly on the degree of inflation.
NGi-ventilated parenchyma yields RO'SIgNAlAMELE scans,
as its electrical impedance does ot Vary throughout the

FeSpiratory Gyele. Commercially available EIT scanners have

a low spatial resolution on the axial plane, and images are
representative of the impedance changes in a thorax cross-
section of about 500G (48). EIT has been validated as

a tool to estimate several respiratory parameters, such as

the end-expiratory lung volume versus nitrogen washout
test and plethysmography (49), and the distribution of
lung volumes compared to CT (50). EIT can also provide
, either measuring

the signal PulSatility due to the Bl6od AW, or temporarily
increasing the CONAUCEANCE of PERiSEd lung areas with an
injection of [YPErtonic Salne in a central venous line (51).

In ARDS patients, EIT can Visualize directly and

non-invasively the Bff6et§ of mechanical VeRtIAtION at

the bedside, potentially helping the clinician to fitrate

Ventilation parameters (52,53). In ARDS, interstitial

oedema increases the effects of gravity dependent lung

regions, and I an detect such 1655 6Faeration along with

compensatory increases in ventilation of ventral regions
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(49,50,53). In mechanically ventilated patients, -
ERGeE GHEORah e i SR SGRGIAEON reflocting che

extension of lung injury and the effects of ventilation,
including the application of PEEP (52-54) and Fecruitment
manoeuvres (55) and tidal volume. Moreover, EIT can be

used to CalCulate regional compliance during titration of
PEEP and to diStinguish Ron-recruited lung tissue from
the FECRUIted one (50). In mechanically ventilated ARDS
patients, Ryperdistention mainly occurs in ventral regions,
and results in an Glévated impedance that can be detected

by EI'T. However, since the signal does*
— the EIT monitor shows a area,
B8 occurs in HON-Aerated regions. The distinction between
the two entities is based on a topographic evaluation.

Nonetheless, recent studies tried to use EIT to map local
pressure/volume curves to detect tidal recruitment and

overdistension (56). Several EIT-based protocols have been
proposed to guide the setting of PEEP during mechanical
ventilation in ARDS, including patients receiving
extracorporeal membrane lung oxygenation (57). However,

the {paet of these approaches on clinical OUtCOME is NOL

yet
In conclusion, EIT is a new and developing technique,

affected by several technical pittalls, including-
susceptibility to [terferences from

other edical d&Vices used in the ICU, and the need for
- a - - - to reconstruct images in

real-time (58). It is likely that this technique will be further
developed in the next years, possibly providing additional

tools to optimise the management of ARDS patients.

Techniques under development

This section will briefly address two techniques that have
been proposed, so far mainly in the research context, to
provide additional information on the respiratory function
in ARDS patients. It is the case of positron emission
tomography (PET) and magnetic resonance imaging (MRI).

PET is a functional imaging technique based on the
detection of a radioactive tracer on a biologically active
molecule administered to patients, and has recently been
used both in clinical and experimental studies to investigate
ARDS (43). It can quantify regional perfusion, ventilation,
aeration, oedema, lung vascular permeability, metabolic
activity of inflammatory cells, enzyme activity and

© Annals of Translational Medicine. All rights reserved.
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pulmonary gene expression (59,60).

Differentli from moriholoiical imaiini, -

Despite the well-known presence of a ventro-dorsal
aeration gradient in ARDS,

namely showing that also

that had formal Aensity at the & were interested by the
_ - Furthermore, PET measurements
of Fegional perfusion in ARDS revealed that patients

with similar extension of lung opacities can have different

PaO,/FiO, ratios and disease severi

PET-based
perfusion measurements also clarified the mechanism
underlying the paradoxical decrease in oxygenation
sometimes seen after performing recruitment manoeuvres:

in addition to recruitment,

(63). Another study
using “Ga-marked albumin aggregates suggested also that,
in the Early SEEES of lung injury, perfusion is Fedistributed
towards regions due to BYpPOXIC VASOCONSEHCHOn
Of direct EOMpEESSion of Vessels by pedema (64).
PET performed with ["*F]fluoro-2-deoxy-D-glucose
(FDG) has been extensively used in research to

Many
studies highlighted an enhanced metabolic activity in the
ARDS lung, either in the consolidated areas or normal
density areas, and the metabolic activity of inflammatory
cells in normal parenchyma may be consequent to the

effects of mechanical ventilation, mainly exerted on aerated
regions. The [*F]-FDG uptake is directly proportional to
the regional tidal volume normalized by end-expiratory lung
volume and increases after administration of plateau airway
pressures higher than 27 ecmH,O (65). Other studies showed
a linear correlation between regional lung volumetric
strain, respiratory gating of inhaled "N, PET scans and the
velocity of phosphorylation of *[F]-FDG, that has been
correlated to the increase of pro-inflammatory cytokines
as IL-1B, IL.-8 and IL-10 in experimental ARDS (66).

Ann Transl Med 2017;5(14):294
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-(22).

PET is unlikely to become a routine diagnostic tool, due
to its low availability, high cost and high radiation exposure,
but it could be useful in selected cases. However, its ability
to provide functional ad biological information iz vivo its
role in research is hardly replaceable.

MRI is another functional technique that provides the
opportunity to study the pathophysiology of pulmonary
disease. Its application to the lung has been limited due
to technical restrictions such as the SIOWNESS of ihage
BEquiSition limiting the possibility to scan the chest during
a breath-hold, the low proton density in the lung, about
1/5" of signal-generating protons compared to other solid

organs (67) and th
(68). Thanks to the recent

technical advances and the

Air hais no protons bud ling parenchyma gencrates

that can be compared to other signals
of solid organs or structures present in the mediastinum.
Proton density per voxel is determined by the lung inflation
and consequently, by lung aeration status. Within the
same individual, changes in lung volume will cause equal
changes in proton density and, accordingly, equal changes
in MR signal intensity of the lung parenchyma (69).
Hyperpolarized gas MRI was used to evaluate alveolar
recruitment and atelectasis-induced overdistension during
mechanical ventilation in ARDS (70). Helium-3 and
Xenon-129 (71) can be used as contrast agents due to their
capacity of diffusing rapidly into airspaces and enabling
detection of ventilated lung tissue (72). Hyperpolarized
Xenon-129 follows the same pathway as oxygen, it
spreads across the alveolocapillary membrane allowing the
calculation of gas exchange parameters, including alveolar
surface area, septal thickness and vascular transit time
(72,73). MRI enables calculation of alveolar size based on
the MRI apparent diffusion coefficient (73), and this has
a potential application to determine the consequences
of atelectasis and recruitment manoeuvres (70). Gases
with fast spin-rotation relaxation at thermal equilibrium
polarization have been used to study differences in
ventilation-perfusion ratio (74) and time constants for fast
and slow filling lung compartments, giving information

© Annals of Translational Medicine. All rights reserved.
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about ventilation-perfusion heterogeneity, pulmonary end-
capillary diffusion of oxygen and lung microstructure in
ARDS (75). Visualization of ventilation is also possible
using oxygen-enhanced MRI (72). MR lung tissue ima-
ging was used to image the elastic properties of lungs
with ventilator-induced lung injury in rats (76) and to
study the physiopathology and the progress of lung injury.
Furthermore, morphological and pathophysiological
patterns like ‘ground-glass opacification’ and ‘consolidation’
in ARDS could be detected by MRI similarly as with
CT (75). A recent work in rats demonstrated that lung
MRI can detect small regions of ventilator-induced injury
earlier than the appearance of alterations in lung mechanics
in rats, this finding was confirmed with histology and the
authors also demonstrated the possibility of visualizing
and quantifying the regression of injury in real-time, after
adoption of protective mechanical ventilation strategies (77).

The strength of MRI lies in the AbSence of radiations,
the ability to perform filctional imaging, estimating
PEERISIOn and respiratory MeEChanies. It also has a variety of
€ontrast mechanisms that may help to diStinguish Cellular
inflammation, Atelectasis and Bedema. Further clinical

research is warranted to translate these experimental
findings in useful tools for the diagnosis and management
of ARDS.

Conclusions

ARDS still has a high mortality, and is associated with
elevated morbidity, length of stay and healthcare cost,
and technique to make
diagnosis and monitor its volition. CXR is still commonly
performed despite its limited specificity, while LUS and
EIT are emerging bedside tools, playing an important role
in the ICU setting. PET and MRI are now mainly used for
research purpose and might have a role in selected cases.
Despite the important pathophysiological information
derived from imaging, further research is warranted
to standardise the role of different techniques in the
management of ARDS patients.
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