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Abstract

Mixed connective tissue disease (MCTD) is a rare disease in children and adolescents which overlaps features of juvenile
idiopathic arthritis, polymyositis/dermatomyositis, systemic lupus erythematosus, and systemic sclerosis. We have provided
an image-based approach for evaluation of MCTD in children and adolescents, outlying the most frequent imaging findings.
This approach would aid imagers and clinicians to consider the diagnosis of this rare entity and be able to make an accurate
list of differential diagnosis for complex rheumatologic diseases such as MCTD, thus facilitating the ultimate goal of early

diagnosis and optimal management of affected children.
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Introduction

Mixed connective tissue disease (MCTD) is a rare auto-
immune disease in children and adolescents that overlaps
features of juvenile idiopathic arthritis (JIA), polymyositis/
dermatomyositis (PM/DM), systemic lupus erythematosus
(SLE), and systemic sclerosis (SS). Clinical characteristics
of this entity encompass more than one disease or remain
undifferentiated and involve few features from different rheu-
matic diseases [1, 2].

Polyarthritis is the most common initial presentation of
MCTD in children and adolescents, where arthritis/arthro-
pathic changes can be assessed on plain films [2]. How-
ever, magnetic resonance imaging (MRI) provides more
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information about inflammatory processes involving the
bone marrow, soft tissue, and muscles.

Commonly, the gastrointestinal tract is involved leading
to gastroesophageal reflux (GER), esophageal dysmotility,
or delayed emptying of stomach which can often be dem-
onstrated using fluoroscopic studies [1, 2]. Nephritis is the
most frequent abdominal manifestation as well as hepato-
megaly and splenomegaly [2]. Children with MCTD may
tend to have alterations of blood count rather than multior-
gan involvement. Early signs of pulmonary involvement are
often missed on chest radiographs. High-resolution com-
puted tomography (HRCT) is the method of choice for the
assessment of acute and chronic parenchymal and interstitial
lung changes cross sectionally and overtime [2].

Presently, there is no consensus for unique classification
criteria for pediatric MCTD [3-5]. Nevertheless, the pres-
ence of specific antibodies to nuclear protein in the serum
such as high titers of anti-uridine-rich RNA—small nuclear
ribonucleoprotein (RNP), anti-U1-RNP antibodies, is a com-
mon criterion used in the most common classification sys-
tems for MCTD. The Alarcon-Segovia classification system
has been reported as being the most sensitive and specific
system for diagnosis of MCTD [5] and was utilized for clas-
sifying the cases presented in this essay. We describe the
clinical-imaging findings of a series of cases of MCTD in
children and adolescents of a single institution.
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Fig.1 Patient 3: plain films of the both hands demonstrate progres-
sion of mild periarticular osteopenia particularly with juxta-articular
calcifications, particularly involving the radial aspect of the soft tis-
sues adjacent to the 2nd metacarpophalangeal (MCP) on the left
(arrow), 5th MCP on the left (arrow), 2nd tuft on the right (arrow),

and on the right thumb (arrow) after 3 years. In addition, there
appears to be resorption of the bony tufts of the 2nd digits as well.
Soft-tissue tapering is seen of the fingers, greater on the right hand
than the left

Fig.2 Patient 10: coronal postcontrast fat-saturated T1-weighted MR
images show flattening of both mandibular condyles with irregular
outline and erosions (a, b). Compared to previous MRI (a), there was

Presentation of cases

Cases for this pictorial essay were searched through the
Pediatric Rheumatology and Radiology reporting databases
of The Hospital for Sick Children (Sick Kids), Toronto, Can-
ada during the time period from January 1, 1999 to April
20, 2017.

The diagnostic criterion for this search included high
titers of anti Ul-ribonucleoprotein (anti U1-RNP) antibod-
ies and clinical and laboratory findings of other systemic

@ Springer

improvement of the bone marrow edema bilaterally with evidence of
less contrast enhancement noted in both joint spaces (b) in 2 years

disorders, such as JIA, PM/DM, SLE, SS, that corresponded
to MCTD. Presently, there is no consensus for one classifica-
tion criteria for pediatric MCTD yet [6]. High anti-U1-RNP
titer was the common criterion utilized for the inclusion of
patients in this pictorial essay.

We described the most frequent imaging features and
provided a summary of pattern changes in different body
systems cross-sectional and over time (Table 1). Imaging
features were evaluated on radiography, fluoroscopy, abdom-
inal ultrasound (US), chest CT, and MRI.
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Fig.3 Patient 12: sagittal post contrast fat saturated T1-weighted MR images (¢, d) demonstrate worsening of arthritis including flattening of
bilateral mandible condyles with irregular articular margins compared to previous MRI (a, b) in 1 year

Fig.4 Patient 10: axial short tau inversion recovery (STIR) images adductor magnus muscles (circles) (c), which is more prominent on
through shoulder and pelvic girdle demonstrate increased signal the left, associated with high signal on STIR sequences in the subcu-
intensity involving both shoulder girdle muscles (a, b) (circles) in taneous soft tissue in keeping with edema (arrows) (d)

keeping with myositis. Focal abnormal high signal intensity in both
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Fig.5 Patient 1: upper GI fluoroscopy study with Barium demon-
strates moderate amount of gastroesophageal reflux to the level of the
upper to mid esophagus

Musculoskeletal findings

The most common clinical features of patients of this series
were polyarthritis, polyarthralgia, puffy fingers, Raynaud
phenomenon, and myositis. Hands metacarpophalangeal
(MCP), proximal interphalangeal (PIP), distal interphalan-
geal (DIP), wrists, knees, elbows, shoulders, ankles, meta-
tarsophalangeal (MTP), TMJ, and hips were reported to be
the most common joints involved [2-5]. The arthritis in
MCTD has been reported to be more erosive and/or deform-
ing in adults than in children presenting with juxta-articular
calcification, terminal tuft lysis, and edema of the hands
[1-5]. However, we observed mild-to-moderate erosive or

@ Springer

deforming arthritis/arthropathic changes in some of our
patients on radiographic follow-up (Figs. 1, 2, 3).

Muscle involvement can involve muscles of the peripheral
skeleton and organs of the gastrointestinal tract. Myositis or
esophageal dysmotility are both characteristically mild at
onset and may be associated with normal or elevated mus-
cle enzymes [2]. Decreased physical function, proximal
muscle weakness, and GER disease are the most common
presentations [2]. The cutaneous, subcutaneous, and high
signal muscular abnormalities on fat-saturated T2-weighted
MR images, involving the shoulder and pelvic girdles, and
proximal thigh muscles were concordant with inflammatory
myositis as the initial clinical presentation (Fig. 4). Abnor-
mal motility of esophagus, GER, vallecular—laryngeal pool-
ing and penetration, and slow gastric emptying were dem-
onstrated as a consequence of the muscle gastrointestinal
involvement on fluoroscopy studies (Fig. 5).

Pulmonary findings

Pulmonary involvement in the pediatric population is less
likely severe [2]. Aalgkken et al. showed discrete inter-
stitial lung disease in 6/24 (25%) patients and only 1/24
(0.4%) patient had mild involvement [7]. These authors
also described the most common CT features of pulmo-
nary involvement in their case series such as microcystic
and fine intralobular pulmonary changes [7]. Pulmonary
involvement is non-specific and is comprised of findings
seen in other connective tissue diseases; therefore, the diag-
nosis of MCTD is based on other pulmonary criteria [2,
7]. Ground-glass opacity, septal thickening and subpleural
honeycombing are the most common CT findings reported in
adult MCTD and often a complication of pulmonary hyper-
tension [2]. Pulmonary fibrosis is the most common cause of
morbidity and mortality in adult patients [2]. Patients show
improvement or progression of pulmonary function corre-
lated with severity of pulmonary fibrosis. The most common
pulmonary findings encountered in our series were reticular
lung changes, interlobular septal thickening, nodules, and
ground glass opacity (Figs. 6, 7).

Abdominal findings

The most common abdominal characteristics of MCTD in
children involve organomegaly of kidneys, liver, and spleen
[1]. Renal involvement is reported less frequently but more
severely in children than in adults. Organomegaly and
increased echogenicity of the renal cortex which are non-
specific ultrasound findings can be considered as abdominal
manifestations in this population. Patients may also have
associated hematologic problems including iron deficiency
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Fig.6 Patient 6: axial high-resolution computed tomography (HRCT)
images from prior (a—c) and follow-up (d—f) demonstrate progression
of multifocal subpleural fibrotic changes with subpleural thicken-
ing in anterior segment of both upper lobes, more prominent on the
right and apical segment and posterolateral area of both lower lobes

(arrows) (d) in 4 years. Traction bronchiectasis changes are seen in
the apical segments of both lower lobes, but more prominent on the
right side (black arrows) (e). There is pleural thickening with pleural
effusion in posterobasal segment of left lower lobe (arrows) (f)

Fig. 7 Patient 4: resolution of the extensive ground glass opacities in bilateral lungs with associated nodular opacity within the superior segment
of the left lung lower lobe on prior (a) and follow-up (b) (arrow) axial HRCT images in 1 year
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Fig.8 Patient 14: T2-weighted/FLAIR hyperintense remote ischemic

changes in bilateral periventricular white matter and head of right
caudate with tiny chronic ischemic insults (white arrows)

anemia, leukopenia, and thrombocytopenia in addition to
findings of autoimmune hepatitis [2].

Central nervous system findings

Central nervous system manifestations include neurologi-
cal and psychiatric symptoms. Headache, seizures, halluci-
nations, trigeminal sensory neuropathy, and sensorineural
hear loss are the most characteristic reported features over-
all. However, distinct central neural system (CNS) features
of the most common MCTD-related rheumatic diseases

; Mixed
1 Connective I

Tissue Disease

——

can occur such as trigeminal and peripheral neuropathy in
patients with scleroderma features, and optic neuropathy in
patients with prominent SLE features [8, 9]. Patients with
CNS manifestations presented with facial nerve palsy that
had prominent scleroderma features initially. Patient with
ischemic brain lesions on brain MRI presented with promi-
nent SLE features (Fig. 8). Since CNS vasculitis due to con-
nective tissue disease involvement may manifest ischemic
changes within the brain, brain MRI is a method of choice
for this patient group [1, 2]. We should acknowledge the fact
that the dominance of scleroderma features in patients with
MCTD may be associated with radiologic features of neu-
ropathy, while dominance of SLE features may be associated
with features of CNS vasculitis.

Conclusion

Imaging plays an important role in depicting and monitoring
children and adolescents with MCTD. This is one of the few
reports in the literature that characterize the musculoskel-
etal, pulmonary, gastrointestinal, and CNS manifestations
of childhood MCTD as a reference-imaging tool. MCTD
represents an overlap of several rheumatic diseases and the
imaging features often correspond to the most dominant
underlying condition. In the provision of an image-based
approach for evaluation of MCTD in children, this report

LUNGS [X-ray, CT)
4= M i, interlobular septal
thickening , reticular changes, nodules, ground

distortion, intraparenchymal cyst.

/

Fig.9 Summary of multisystem imaging findings of pediatric mixed connective tissue disorder (MCTD)
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may help imagers and clinicians to consider the diagnosis
of this rare entity at its early presentation and to be able to
consider an accurate list of differential diagnosis for com-
plex rheumatologic diseases such as MCTD. This should
facilitate the ultimate goal of early diagnosis and optimal
management of affected children (Fig. 9).
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