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Abstract

Patients with systemic sclerosis are at high risk of developing systemic sclerosis—associated interstitial lung disease.
Symptoms and outcomes of systemic sclerosis—associated interstitial lung disease range from subclinical lung involvement
to respiratory failure and death. Early and accurate diagnosis of systemic sclerosis—associated interstitial lung disease
is therefore important to enable appropriate intervention. The most sensitive and specific way to diagnose systemic
sclerosis—associated interstitial lung disease is by high-resolution computed tomography, and experts recommend that
high-resolution computed tomography should be performed in all patients with systemic sclerosis at the time of initial
diagnosis. In addition to being an important screening and diagnostic tool, high-resolution computed tomography can be
used to evaluate disease extent in systemic sclerosis—associated interstitial lung disease and may be helpful in assessing
prognosis in some patients. Currently, there is no consensus with regards to frequency and scanning intervals in
patients at risk of interstitial lung disease development and/or progression. However, expert guidance does suggest that
frequency of screening using high-resolution computed tomography should be guided by risk of developing interstitial
lung disease. Most experienced clinicians would not repeat high-resolution computed tomography more than once
a year or every other year for the first few years unless symptoms arose. Several computed tomography techniques
have been developed in recent years that are suitable for regular monitoring, including low-radiation protocols, which,
together with other technologies, such as lung ultrasound and magnetic resonance imaging, may further assist in the
evaluation and monitoring of patients with systemic sclerosis—associated interstitial lung disease. A video abstract to
accompany this article is available at: https://www.globalmedcomms.com/respiratory/Khanna/HRCTinSScILD
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Introduction

Among patients with systemic sclerosis (SSc), there is a
high risk of developing interstitial lung disease (ILD),
which when present is associated with respiratory impair-
ment, reduced quality of life and increased risk of death.!
Early and accurate diagnosis of systemic sclerosis—associ-
ated interstitial lung disease (SSc-ILD) facilitates clinical
management, and the most sensitive and specific diagnos-
tic modality is high-resolution computed tomography
(HRCT) of the chest.>* The utility of HRCT in SSc-ILD is
not limited to screening and diagnosis, as it is also useful
in disease monitoring®® and determining prognosis.’
However, HRCT may be underused in patients with
SSc-1LD."

This review will highlight the importance of early diag-
nosis in SSc-ILD, focusing on the use of HRCT of the
chest as a screening, diagnostic, prognostic, and monitor-
ing tool, as well as the evolution of chest imaging
techniques.

SSc-ILD

SSc is a heterogeneous autoimmune connective tissue dis-
ease characterized by skin thickening and progressive
fibrosis of the skin and internal organs.!! Patients with SSc
are at high risk of developing ILD, which causes signifi-
cant morbidity and mortality: symptoms and outcomes
range from subclinical lung involvement to major pulmo-
nary disease, respiratory failure, and death.'> Pulmonary
fibrosis resulting from ILD is one of the leading causes of
mortality in patients with SSc, responsible for up to 17%
of SSc-related deaths. '

Many patients with SSc-ILD experience clinically sig-
nificant progression, and clinical outcome is worse in
patients with more extensive disease.!* While some
patients may remain stable indefinitely, others decline and
then become stable, whereas others will progress inexora-
bly with a variety of trajectories. For example, in the
European Scleroderma Trials and Research Group data-
base, almost one-third of patients had stable lung function
during 5years of follow-up;'> however, among those with
initial progression at lyear, almost half showed further
progression over 5 years.'®

Potential risk factors for any ILD in patients with SSc
and for progression of ILD in SSc-ILD are shown in Table
1. However, it should be noted that some of these risk fac-
tors are yet to be confirmed or come from single-center
cohorts. Risk factors for progression may also depend on
the phase of the disease.

As the risk of developing ILD is greatest in the first few
years after SSc diagnosis,?”?® screening patients with SSc¢
for ILD may help with prognosis and management.
Patients with clinically significant disease at baseline and
those at high risk for clinically significant progression
should be identified as early as possible.* As the disease

course is variable?® and difficult to predict, it is appropriate
to monitor patients with SSc-ILD regularly for signs of
progression.”’

Emphysema is independently associated with SSc, and
like SSc-ILD, is best seen on HRCT. Combined pulmo-
nary fibrosis and emphysema (CPFE) is also present in
approximately 7%—18% of patients with SSc-ILD.303!
Patients with CPFE-SSc have worse survival than with
SSc-ILD and SSc-emphysema,’*3! and early diagnosis by
HRCT is important for disease management.

For this review, the PubMed database was searched for
all publications up to 1 July 2019 (date of the search) using
the following search terms: (high-resolution computed
tomography and systemic sclerosis) and (diagnosis or
treatment); high-resolution computed tomography and
(safety or interstitial lung disease). Publications relating to
idiopathic pulmonary fibrosis or ILD not including SSc
were excluded. Publications were additionally included
based on the expert knowledge of the authors.

HRCT in SSc-ILD

Screening and diagnosis

Early detection of ILD in patients with SSc is important
for baseline evaluation and for consideration of treatment
interventions. Expert consensus recommendations endorse
screening all patients using HRCT and lung function test-
ing?™* (Table 2).

HRCT of the chest is the most sensitive means of
detecting SSc-ILD* and is regarded as the gold standard
for diagnosis.* On initial HRCT, ILD is present in more
than 50% of patients,?® including in some patients without
symptoms.>® Signs of interstitial lung abnormalities and
ILD (including ground-glass opacity, septal lines, and hon-
eycombing in the patterns of non-specific interstitial pneu-
monia and usual interstitial pneumonia (UIP)) can be seen
even when pulmonary function test (PFT) results are in the
normal range.>* While PFTs alone may be insufficient for
early diagnosis,?*2%333* PFTs should be performed at the
time of SSc diagnosis and at regular follow-up
intervals.**

Despite expert recommendations, HRCT is currently
underused in the screening and diagnosis of SSc-ILD. In a
recent study, only 51% of general rheumatologists and
66% of SSc experts reported routinely ordering HRCT in
all newly diagnosed patients with SSc.!° In addition to cli-
nician specialty, factors affecting HRCT use may include
clinician experience, lack of knowledge of guidelines, lack
of routine progression of ILD, concerns about radiation
exposure, as well as imaging cost and accessibility.*

More research is needed before recommendations can
be made about the benefits of routine follow-up HRCT
imaging in asymptomatic patients who have a normal
HRCT at baseline. Expert consensus suggests that fre-
quency of screening using HRCT should be guided by risk
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Table I. Potential risk factors for ILD and progression of ILD in SSc.

Risk factor

Reference

Risk factors for ILD in SSc

Risks factors for
progression in SSc-ILD

Male gender

Diffuse cutaneous SSc
Anti-topoisomerase | antibodies
African—American race
Gastroesophageal reflux disease
Shorter disease duration

Extent of fibrosis on HRCT of >20%
Decreased FVC at baseline
Decreased DL at baseline
Decreased oxygen saturation

Presence of anti-topoisomerase | antibodies

Khanna et al.'

Sanchez-Cano et al.,'? Nihtyanova et al.'”
Nihtyanova et al.,'” Liaskos et al.'®

Steen et al."?

Zhang et al.?°

Winstone et al.,2! Moore et al.,?? Hoffmann-Vold et al.??
Khanna et al.,,' Hoffmann-Vold et al.,2* Goh et al.?*
Khanna et al.,' Nihtyanova et al.'”

Khanna et al.,' Nihtyanova et al.'”

Wangkaew et al.,”> Wu et al.?¢

Nihtyanova et al.'”

ILD: interstitial lung disease; SSc: systemic sclerosis; HRCT: high-resolution computed tomography; FVC: forced vital capacity; DL diffusing capac-
ity of the lungs for carbon monoxide.

Table 2. Expert consensus regarding use of HRCT and PFTs in patients with SSc-ILD.

Clinical scenario® Assessment(s) Expert Reference(s)
consensus®

At the time of SSc diagnosis Baseline HRCT screening ++ Denton et al.,2 Kowal-Bielecka et al.,> Hoffmann-
(may be asymptomatic) Vold et al.,* Hoffmann-Vold et al.2®

Baseline PFTs ++ Hoffmann-Vold et al.,* Hoffmann-Vold et al.?®
Patients at high risk of ILD Repeated HRCT screening +/- Hoffmann-Vold et al.,*
development (assuming Repeated PFTs ++ Hoffmann-Vold et al.,*
negative baseline HRCT)
Patients at risk of ILD Repeated HRCT for + /- Hoffmann-Vold et al.,*
progression monitoring

Repeated PFTs ++ Hoffmann-Vold et al.,* Hoffmann-Vold et al.?
Patients with a significant HRCT ++ Hoffmann-Vold et al.,*
decline in PFT and/or PFTs ++ Hoffmann-Vold et al.,*

worsening symptoms

HRCT: high-resolution computed tomography; PFT: pulmonary function test; SSc: systemic sclerosis; ILD: interstitial lung disease.

Consensus or evidence regarding how often to repeat screenings after initial screening is lacking.

2Long-term stability is present in at least one-third of SSc-ILD patients. Other patients may show different patterns of ILD progression: periods of
decline followed (or preceded) by periods of stability, multiple declines, or continuous progression.

bStrong evidence: ++; mixed evidence: +/—.

of developing ILD (such as autoantibodies, cutaneous
involvement, race, etc.), in combination with clinical
symptoms and lung function.* However, there is currently
no consensus regarding HRCT screening intervals.* Most
experienced clinicians would not repeat HRCT more than
once a year or every other year for the first few years
unless symptoms arose. Likewise, the specifics of HRCT
image acquisition (volumetric, inspiratory/expiratory
images, and prone images) vary by institution. In all cases,
the patient’s radiation exposure should be weighed against
the anticipated benefits of the exam.

Prognosis and monitoring

HRCT may be helpful in assessing prognosis in some
patients. HRCT data have been included in staging models

to gauge ILD progression risk and predict prognosis.?*
Further study is needed in this area, particularly with
regards to whether HRCT findings can be used to predict
response to treatment.?!333

The extent of ILD involvement on HRCT has been
shown to correlate with degree of functional impairment
(New York Heart Association class) and lung function*’ in
patients with SSc-ILD. More extensive ILD on HRCT has
been associated with a lower forced vital capacity (FVC)
at initial assessment,*' a greater decline in FVC during
follow-up,* and early mortality.?? In a retrospective study
of HRCTs from patients in the Australian Scleroderma
Cohort Study, extensive disease involving more than 20%
of the lung parenchyma on HRCT at baseline was associ-
ated with a three-fold increased risk of deterioration or
death compared with limited disease, although this study
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did not account for time from first non-Raynaud symptom
and could suffer from lead-time bias.'* The presence of
fibrosis at baseline on HRCT was associated with mortal-
ity in multivariable modeling in patients with SSc-ILD in
Norway.?® Although HRCT parameters were not shown to
be predictive of survival in patients in one study of early
SSc,2¢ a number of other published studies support the use
of HRCT in determining the prognosis of patients with
SSC-LD 21244344

Changes in extent or pattern on HRCT might be used to
monitor disease progression in treated or untreated
patients.®?>2#%47 Dye to the heterogeneous longitudinal
behavior, the risks of radiation exposure and imaging
costs, there is currently no consensus on how often HRCT
needs to be repeated (Table 2). The use of HRCT for moni-
toring disease progression is therefore guided by the clini-
cian* and is generally performed in response to worsening
of symptoms, as this can be multifactorial in SSc (ILD,
pulmonary hypertension, pulmonary embolism, emphy-
sema, deconditioning, anemia, cardiac involvement, etc.).
Clinicians may also order a follow-up HRCT scan when
there are conflicting data between symptoms and PFTs, or
suspicion of pulmonary embolism.

In summary, quantifying the degree of ILD on HRCT is
potentially useful to evaluate prognosis and disease pro-
gression in SSc-ILD.

Performing HRCT
History

HRCT was first introduced in the 1980s,*3#° when it trans-
formed the diagnosis of diffuse lung disease, particularly
fibrosing lung diseases, by providing detailed cross-sec-
tional images of the lungs. Since that time, there have been
tremendous developments in computed tomography (CT)
technology that are relevant to the diagnosis and monitor-
ing of SSc-ILD. Modern scanners use multidetector helical
CT techniques to undertake volumetric scans of the entire
thorax that can be reconstructed into thin (less than
1.25mm) slices, enabling detection of the pattern and
extent of subtle abnormalities. Scanner speed enables volu-
metric whole lung imaging at different states, each in a sin-
gle breath-hold, such as inspiration and expiration. In
addition, radiation dose-reduction techniques, such as auto-
matic exposure control methods and tube current modula-
tion, allow the radiation dose to be adapted to the size of the
patient, and more efficient detector systems allow for lower
radiation dose exposures to be performed while preserving
image quality. Recently, advanced image reconstruction
techniques, such as iterative reconstruction, allow even
lower radiation dose techniques to be used while still pre-
serving image quality.>® Thus, the clinician can now choose
to use reduced-dose CT protocols for follow-up scans.
These approaches are discussed in more detail below.

Practical recommendations

Detailed practical recommendations for performing HRCT
scans and interpreting the results for patients with pre-
dicted SSc-ILD have recently been described.*? Volumetric
acquisition with thin slices using a supine inspiratory scan
acquisition is recommended to allow reconstruction in the
coronal and sagittal planes with sufficient image fidelity;
reconstructions should be performed with less than 1.25-
mm thick slices. Supine expiratory scans allow better
detection of air trapping; if dependent density is observed,
then a prone inspiratory scan should be conducted to allow
differential diagnosis of early ILD from atelectasis.
Moderate edge-enhancing reconstruction algorithms
should be employed, as areas of pseudo-honeycombing
may result from an algorithm that is too sharp. Specific
breathing instructions should be provided to patients to
ensure repeatability between scans. Scans should be
reviewed immediately following acquisition.> Whole-
lung contiguous acquisition allows the application of
advanced processing techniques, including whole-lung
segmentation, volume measurements, and quantification
of normal and abnormal lung tissue.

Minimum (MinlIP) and maximum intensity projection
(MaxIP) are post-processing techniques that convert the
voxel with the lowest or highest density, respectively, on
every view throughout the volume into a two-dimensional
image.’! MinlP allows for improved detection of air trap-
ping, can obviate the need for an expiratory scan, and is
useful in the identification and quantification of ground-
glass opacities. MaxIP can help improve the detection of
nodules and micronodules associated with comorbidities.

Minimizing radiation exposure in HRCT and
the associated trade-offs

CT scans use ionizing radiation, which does carry some
risks. These risks are stochastic in nature at the levels of
radiation exposure associated with CT scans for SSc-ILD,
and are primarily related to radiation-induced carcinogen-
esis. These are considered to be small, though non-zero,
risks. The risks of ionizing radiation are higher in women
and decrease with age.” Therefore, balancing the radiation
exposure to the patient, while maintaining sufficient image
quality to obtain the desired diagnostic information, should
always be considered. As mentioned above, there have
been tremendous advances in CT scanner hardware and
software that have allowed the generation of high-quality
images of the entire lungs in a single breath-hold while
requiring lower levels of radiation exposure. Measures to
reduce HRCT-associated radiation exposure include the
use of more efficient detector systems, automatic exposure
control (such as tube current modulation), and advanced
image reconstruction methods, such as iterative recon-
struction techniques. In addition, further radiation dose
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Dose 10%

Dose 50%

&
46

25%

100%

Figure |I. HRCT images comparing conventional versus reduced dose protocol in a patient with diffuse SSc-ILD. Axial thin section
CT slice through the lower lobes of the lungs in a 35-year-old female patient with SSc with images reconstructed at simulated

10%, 25%, and 50% of acquired dose (100%). At all doses, the classic features of SSc-ILD can be identified; an NSIP pattern with
peribronchovascular ground-glass and reticular opacities plus architectural distortion consistent with fibrosis. With decreasing dose,
there is increased image noise resulting in loss of clarity of the different abnormalities due to loss of clarity of the ground-glass

opacities as distinct from the reticular abnormalities.

CT: computed tomography; HRCT: high-resolution computed tomography; NSIP: non-specific interstitial pneumonia; SSc: systemic sclerosis; SSc-

ILD: systemic sclerosis—associated interstitial lung disease.

reductions can be achieved by using limited axial scans
(rather than helical scans), in which thin slices are acquired
with large intervals (such as a 1-mm width acquisition
spaced every 10 or 20 mm). While this reduces the radia-
tion dose to the patient, it also substantially limits the
amount of anatomy that is available for determining pres-
ence or severity of SSc-ILD.

Figure 1 shows HRCT images of a patient with SSc-
ILD reconstructed with simulated dose reduction, keeping
all other acquisition parameters the same. Some increased
noise with loss of discrimination between the different
manifestations of SSc-ILD can be seen.

Iterative reconstruction techniques can allow the use of
reduced radiation dose without compromising diagnostic
accuracy (despite a possible loss of spatial resolution and
differences in noise texture).>*> A study of HRCT images
from 55 patients with SSc-ILD found little difference
between images generated using scans performed with a
conventional (filtered back projection) reconstruction

algorithm at 120kV and 110 effective mAs (corresponding
to a volume CT dose index (CTDI ) of approximately
7.2mGy) and those generated using 40% of that scanner
output (120kV, 44 effective mAs, corresponding to a
CTIDI,, of approximately 2.9mGy), using an iterative
reconstruction algorithm. Patients received either an esti-
mated mean effective dose of 3.67 (range: 2.01-5.83) mSv
when the full dose was used, or 1.8 (1.01-4.35) mSv with
the dose reduction.* However, an increase in image noise
may be problematic for detecting subtle changes in SSc-
ILD, for scanning larger patients at lower doses, and for
applying computer-aided diagnosis and machine-learning
techniques to CT data sets. Therefore, although promising,
these findings should be replicated in other institutions
using scanners from other manufacturers.

Several other studies have shown even greater dose
reductions when applying iterative reconstruction methods
without substantial loss of image quality, although their
assessments of image quality were not always specific to
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Table 3. Effective radiation dose for environmental exposure and different chest imaging protocols®.

Effective dose ~ Equivalent Reference(s) Publication
(mSv) background date
radiation (mSv)
Annual exposure from background radiation in the 3.1 Ref Wakeford®® 2008
United States
Annual exposure of airline crews on long-haul flights ~ 2-3 0.66-1.0 Bagshaw®3 2008
Annual allowable exposure limit for radiation 50 United States 2019 &
workers (including radiologists, radiologic Nuclear Regulatory 2007
technologists, and medical physicists) Commission,%*
International
Commission on
Radiological Protection®
Chest radiograph 0.02-0.1 Mettler et al.®' 2008
Low-dose lung cancer screening CT -2 Larke et al.,*> American 2011 &
Association of Physicists 2019
in Medicine®®
Routine diagnostic chest CT 5-7 Larke et al.*’ 2011
Chest HRCT®
Standard protocol (reference value) 1.6-4.0 0.54-1.30 Katsura et al.*3 2012
Pontana et al.>* 2016
Frauenfelder et al.> 2014
Winklehner et al.’® 2012
Reduced dose and sinogram-affirmed iterative 1.8 0.58 Pontana et al.>* 2016
reconstruction
Reduced dose and model-based iterative 0.85 0.28 Katsura et al.*® 2012
reconstruction
Nine-slice protocol 0.08 0.02 Frauenfelder et al.> 2014
10-mm increment, 7-slice, and 3-slice protocols 0.014-0.154 0.004-0.049 Winklehner et al.’® 2012

CT: computed tomography; HRCT: high-resolution computed tomography.

*These estimates of effective dose are provided to show a relative comparison between different CT exams and to put them in some context as
to their relative level of radiation exposure. It should be noted that both the American Association of Physicists in Medicine and the Health Physics
Society have position statements which state that “at the present time, epidemiologic evidence supporting increased cancer incidence or mortality

from radiation doses below 100 mSyv is inconclusive

60 and “substantial and convincing scientific data show evidence of health effects following high-

dose exposures (many multiples of natural background). However, below levels of about 100 mSv above background from all sources combined, the

observed radiation effects in people are not statistically different from zero.

167

®The actual effective dose that a patient experiences will vary from center to center.

SSc-ILD and included subjective assessments. Some sim-
ple quantitative assessments have been performed, and
measures that primarily involve assessment of Hounsfield
units (HU; for example, mean HU or mean HU in a region)
are usually well preserved at very low doses.’> More com-
plicated measures used in quantitative assessments (such
as texture and others described below) have not been
shown to be robust at these levels of dose reduction, and
this is an area of further investigation.

CT scan protocols that do not use volumetric acquisi-
tion, but rather use a limited set of axial scans with large
intervals between scans (for example, 1 mm scans every 10
or 20mm), have also been used successfully to detect ILD
in patients with SSc.%¢-58 This approach offers further radi-
ation dose reduction, as a limited sample of lung anatomy
is scanned instead of the entire lung, although these non-
volumetric techniques may have limited assessment of
regional variations or heterogeneity. By maintaining
HRCT accuracy and sensitivity, these protocols enable

detection of mild SSc-ILD while substantially reducing
the estimated effective radiation dose.

Through automatic exposure control techniques and
other technology developments, modern scanners use
lower doses of radiation to achieve high-quality scans. The
estimated effective dose of a standard HRCT scan is
2-4mSyv (Table 3).°¢ This is slightly higher than the esti-
mated effective dose of a low-dose lung cancer screening
CT exam (1-2mSv)*>® or chest X-ray (0.02-0.1 mSv)®!
but is lower than the estimated effective dose of a routine
diagnostic thoracic CT exam (estimated 5-7mSv). The
estimated effective dose from a standard HRCT scan is
thus similar to the estimated naturally occurring back-
ground annual radiation in the United States (3.1 mSv)®
and the annual exposure for airline crew operating on
long-haul flights (2-3mSv).% The estimated effective
doses from HRCT scans can also be compared to the
annual allowed exposure for radiation workers (including
radiologists, radiologic technologists, and medical
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physicists) of 50mSv per year.®* The International
Commission on Radiological Protection has also recom-
mended an annual average of not more than 20mSv per
year over a 5-year period for occupational exposure.®®

Computer-based quantification of fibrosis in
patients with SSc-ILD

Computer-aided diagnosis algorithms for classifying
HRCT patterns in diffuse lung disease for SSc-ILD were
first reported in 2010.°® This algorithm was developed
using a machine-learnt texture feature classification to
detect and quantitate the amount of ground glass (QGG),
lung fibrosis (QLF), and honeycomb cysts in patients with
SSc-ILD. QGG and QLF have been used in several set-
tings to determine the measurement variation and cut
points for meaningful change.’” The extent of QLF is a
predictor of decline in FVC over a 1-year period and is
independent of the staging system used to classify extent
of disease.*? Other algorithms, including the automated
lung parenchymal characterization by computer-aided
lung informatics for pathology evaluation and rating
(CALIPER), were also developed using a computer-
vision-based technique that includes volumetric local his-
togram and morphologic analysis to provide quantitative
assessment of pulmonary parenchymal disease on HRCT
data.® These algorithms can objectively quantify specific
patterns of ILD changes during treatment in patients with
SSc-ILD.##7 Results have been found to be equivalent to
or better than those of a radiologist,”’®"! although these
algorithms are patented and not widely available.

More recently, artificial intelligence and deep learning
have been applied to the classification of fibrotic lung dis-
ease on HRCT, using criteria specified by two interna-
tional diagnostic guideline statements. The algorithm
developed therein was able to differentiate between UIP,
possible UIP and patterns inconsistent with UIP with
73.3% accuracy, and the authors note that this could be
applicable in centers lacking in radiologic expertise.”

Emerging imaging techniques
Lung ultrasound

Lung ultrasound is sensitive for the detection of lung dis-
ease but not as specific as HRCT.”>”7> Lung ultrasound
abnormalities correlate with increases in the score and
digital vascular damage when assessing progression of
ILD.”® B-lines on lung ultrasound show mild-to-moderate
correlation with fibrosis on HRCT?” and detection of mul-
tiple B-lines, pleural irregularity, and pleural line thicken-
ing on lung ultrasound is highly predictive of the presence
of significant SSc-ILD on HRCT.”®”° However, there is
not yet a consensus on whether lung ultrasound can be
used routinely to screen for ILD in SSc.

Other imaging techniques

Magnetic resonance imaging (MRI) techniques show
promise in the detection of pulmonary fibrosis.***! While
HRCT has superior image quality, MRI may be useful to
detect inflammatory changes and is free of any radiation
exposure. As a molecular imaging modality, positron emis-
sion tomography (PET)-CT is being studied as a potential
monitoring tool. 18 F-fluorodeoxyglucose (FDG) is a com-
monly used PET radiotracer in oncology. In lung fibrosis,
FDG uptake has been observed in macrophages, neutro-
phils, and eosinophils and may detect cellular inflamma-
tion through the glycolysis of immune cells, as an indirect
means to monitor fibrosis.*> Single-photon emission CT
(SPECT) has potential utility in the early detection of ILD,
by using radiolabeled, target-specific probes to visualize
inflammatory stages of ILD. Preclinical studies in animal
models and resections from human lungs have shown that
SPECT could potentially identify ILD before significant
tissue remodeling has occurred.®>* These promising tools
need further evaluation in the screening and management
of SSc-ILD.

Conclusion

HRCT is currently the gold standard for early detection
and accurate diagnosis of ILD in patients with SSc and
should be performed in all patients at the time of initial
SSc diagnosis. Patients most at risk of developing ILD are
those with a recent diagnosis of SSc, diffuse cutaneous
SSc, smoking history or male gender, and these should be
considered when determining whether a patient would
benefit from regular screening. HRCT can also be used for
prognosis and to monitor for disease progression in addi-
tion to serial lung function tests and other measures.
Currently, follow-up HRCT is guided by symptoms and
suspicion of progression, and more research is needed on
the optimal frequency in patients at different levels of ILD
risk.

As HRCT scan techniques are constantly evolving,
low-radiation protocols that are suitable for the regular
screening and monitoring of patients are now available.
The introduction of other technologies, such as lung ultra-
sound or MRI, with or without HRCT, is a potential future
direction that may further assist in the evaluation of
patients with SSc-ILD.
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