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Abstract

To provide an update on the current management, including evaluation and treatment, and the
available diagnostic tools for linear scleroderma of the head, i.e,, Parry-Romberg Syndrome and en
coup de sabre (PRS/ECDS). A rapid scoping review of the literature was conducted to include manu-
scripts published in English between 2010 and 2019. Literature searches were performed in PubMed
and EMBASE databases. The were analyzed for descriptive statistic reporting. This study reviewed 215
manuscripts reporting these 1430 patients. Surgical reports comprised the majority of the reviewed
literature. Most PRS/ECDS did not appear to receive comprehensive multisubspecialty evaluation for
extracutaneous manifestations; 21% of cases noted neurological screening, 4% noted dental screen-
ing, and 3% noted ophthalmologic screening. Methotrexate and glucocorticoids remain the most
frequent choice for immunosuppressive treatment, though fewer than 7% of patients reported re-
ceiving systemic medical therapies. Surgical procedures for cosmetic or functional improvement
were common (59%) among the reported patients. Autologous fat grafting was the most frequently
utilized cosmetic treatment (50% of procedures) followed by free flap transfers (24% of procedures).
There is ongoing need for standardized evaluation, monitoring, and treatment to prevent morbidity
in PRS/ECDS, especially in children. When these patients are managed by rheumatologists, metho-
trexate, and steroids remain the first-line treatment, but a review of the published literature reflects
that this may be a minority. Most PRS/ECDS patients are not evaluated in a multidisciplinary fashion.
We propose comprehensive evaluations across subspecialties at the baseline and follow-up levels to
monitor disease activity and record extracutaneous manifestations, treatment algorithms, and surgi-
cal intervention considerations.
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Introduction

Localized scleroderma (LS), also known as morphea, is an autoimmune condition defined by sclerosis and
the resulting atrophy of the skin and subcutaneous tissues after an initial inflammatory phase. LS typically
presents in childhood with an annual incidence of 1-3 per 100,000 individuals, and has a prevalence of 2
per 1000 children (1). LS can present as isolated lesions or spread more diffusely and has been subtyped via
the Padua criteria according to the extent and depth of the associated lesions (2), which are as follows: cir-
cumscribed (superficial and deep), linear (trunk/extremity and face), generalized, and pansclerotic. Certain
LS subtypes and deep tissue lesions have been associated with significant morbidity, and may especially
affect the musculoskeletal and neurological systems (3). The clinical manifestations of LS differ significantly
from a related disorder, systemic sclerosis (SSc), which histologically mirrors LS from a cutaneous stand-
point, but has differing internal organ manifestations, especially in the gastrointestinal and cardiopulmo-
nary systems (4). Linear scleroderma is the most common subtype of LS and typically presents as a line of
dyspigmented, fibrotic, or atrophic skin on the limbs, forehead, or scalp (2).

Linear LS lesions located on the scalp and forehead are commonly termed en coup de sabre (ECDS) for
their resemblance to scars caused by a sword strike to the head. Lesions generally occur unilaterally in
the form of a Blashkoid distribution, potentially involving deeper neurologic, ocular or oro-dental tis-
sues (5). This condition is closely associated with and is frequently found in concurrence with idiopathic
progressive hemifacial atrophy, also termed Parry-Romberg Syndrome (PRS) (6). PRS is characterized by
progressive unilateral atrophy of the skin and soft tissues of the face and underlying muscle and os-
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Figure 1. a-d. Spectrum of Parry-Romberg syndrome (PRS)/ en coup de sabre (ECDS) patient findings. (a) ECDS lesion of scalp with ipsilateral
abnormal T2 signal on brain magnetic resonance imaging (MRI) in a similar plane as the cutaneous findings. (b) PRS/ECDS overlap with skin,
soft-tissue, and bone atrophy. (c) PRS/ECDS overlap with single cutaneous band accompanied by significant intraoral manifestations in the same
anatomical plane. (d) PRS/ECDS overlap with predominant soft tissue and bone atrophy.

"Written publication consent was obtained from the parents of the patients who participated in this study."

teo-cartilagenous structures (7). Classification
by severity or type has been reported in surgi-

e Coordinated subspecialty evaluation of
PRS/ECDs patients is important to fully
address the multisystem impact of the
disease.

e Systemic immunosuppression remains
the gold standard of treatment, though
prospective studies are lacking to verify
its effectiveness.

e Autologous fat grafting and free flap
transfers are the most frequently utilized
aesthetic corrective procedures, though
validated outcome measures are gener-
ally absent.

e Continued development of prospective
disease assessment and monitoring met-
rics is important for improving clinical care.

cal contexts, but these have not been gener-
ally utilized by dermatologic or rheumatolog-
ic disciplines. Surgical classification schemes
include the level of trigeminal nerve branch
involvement and the depth or level of tissue
layer involvement (7-9).

There remains significant controversy in the
literature as to the relationship between ECDS
and PRS (10). Currently, both are considered
subtypes of linear LS of the head, whose dis-
tinguishing clinical features lie along a con-
tinuum that is unique to each patient (Figure
1). Both PRS and ECDS were traditionally con-
sidered self-limiting, with the active disease
phase lasting 2-10 years prior to “burnout’, al-
though more recent longitudinal cohort stud-
ies have shown that its recurrence is similar to
other autoimmune conditions (11, 12). When
compared, both ECDS and PRS have similar
frequency and severity of extracutaneous clin-

ical manifestations (ECMs) (13). In some cases,
ECMs can precede apparent cutaneous devel-
opment of classical ECDS or PRS symptoms,
posing a significant challenge to clinicians (14).
Retrospective cohort studies in pediatric and
adult populations have reported the presence
of neurological, musculoskeletal, vascular, oc-
ular, and oromaxillofacial ECMs in 20%-40% of
ECDS/PRS patients (15).

The underlying etiology for ECDS/PRS re-
mains unclear (6, 13). There is a clear role of
autoimmune-based inflammation in other
forms of LS, as well as a strong suggestion of
a similar role in ECDS/PRS based on CSF find-
ings, histology, response to treatment, and
the fact that a proportion of these patients
have concurrent LS lesions in other areas of
the body (1). Biopsy results of ECDS lesions
classically show atrophy of the epidermal,
dermal, and subcutaneous layers along with
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thickened and disorganized collagen fibrosis
(16). Lymphocytic inflammatory infiltrates
may be present around adnexal, vascular,
or neural structures. Similar histopatholog-
ical findings have been noted in biopsy of
regions of hemiatrophy without clinically
apparent sclerosis in the skin in PRS patients
(13,17).

A neurogenic component is suggested by
the presence of facial atrophy patterns that
are commonly limited by the sensory der-
matomes of the trigeminal nerve (7). This has
been experimentally demonstrated in rat and
mouse models undergoing sympathectomy of
the superior cervical ganglion that have been
observed to develop similar appearances (18).
Trauma and infection have been implicated in
case reports but are not clearly linked to ECDS/
PRS development (19).

A delayed diagnosis is common due to the
gradual onset of symptoms and the multitude
of specialties that may initially be involved in
the evaluation process. Furthermore, ECDS
and PRS have historically been recognized
by a variety of names across medical disci-
plines, further frustrating collaborative clini-
cal diagnostics. Recognizing the need for an
up-to-date understanding of the practice of
each of the specialties treating PRS/ECDS, a
scoping review of original-research literature
in the past 10 years was performed to identify
updates to diagnostic and monitoring modal-
ities and treatment options, with the develop-
ment of a proposal of minimum standards for
the evaluation, treatment, and monitoring of
PRS/ECDS.

Methods

Protocol and registration

This rapid scoping review follows the reporting
guidelines set forth by PRISMA (Preferred Re-
porting Items for Systematic Reviews and Me-
ta-Analyses) and has been assessed for quality
using the AMSTAR checklist (https://amstar.ca/
Amstar_Checklist.php) (20). This review was
not registered with PROSPERO.

Eligibility criteria

The patient eligibility criteria and methods
of analysis were determined a priori. The in-
cluded studies were required to focus on
patients or participants with LS, specifically
the subset of linear scleroderma affecting the
head: en coup de sabre and/or Parry-Romberg
syndrome of any age. Only articles published
in English from 2010 to 2019 were included
in the final review. Research articles from in-
dexed journals were included, whereas com-
ments, editorials, dissertations, conference
proceedings, etc. were excluded. Case reports
and case series, as well as cross-sectional,
case-control, and cohort studies were includ-
ed in this review.

Information sources for literature search

The PubMed (NLM) and EMBASE (Elsevier) da-
tabases were searched and a health sciences
librarian (HVV) with systematic review experi-
ence developed all the search parameters. The
date of the final search was July 26, 2019. Con-
cepts that comprised the search were: linear
scleroderma and Parry-Romberg syndrome. A
combination of MeSH terms along with title,
abstract, and keywords were used to develop

Table 1. Example of an electronic search strategy.

PubMed Search Strategy

#1  Scleroderma, Localized[mesh:noexp]

#2  "en coup de sabre"[tiab] OR morphea]tiab] OR morphoea|[tiab] OR sclerodermaltiab]

#3  Facial Hemiatrophy[mesh:noexp]

#4  "en coup de sabre"[tiab] OR facial hemiatrophy*[tiab] OR hemifacial atrophy*[tiab]

OR HFA[tiab] OR Parry Romberg*[tiab]
#5 (#1O0R#2 OR #3 OR #4)

#6  head[mesh:noexp] OR face[mesh:noexp] OR cheek[mesh:noexp] OR chin[mesh:noexp]
OR eye[mesh:noexp] OR forehead[mesh:noexp] OR mouth[mesh:noexp] OR lip[mesh:noexp]

OR nose[mesh:noexp] OR scalp[mesh:noexp]

#7  head|[tiab] OR face[tiab] OR cheek[tiab] OR chin[tiab] OR eye[tiab] OR forehead|tiab]
OR mouth[tiab] OR lip[tiab] OR nose[tiab] OR scalp|tiab]

#8 (#6 OR#7)
#9 #5AND#8
#10 ((#9 AND English[la] AND 2010:2020[dp]))
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the initial PubMed search criteria (Table 1). The
search was then adapted to search EMBASE.
Information on strategies and date searched
in each database is available from the corre-
sponding author.

Bibliographies of relevant articles were exam-
ined by the first author (DG) for studies not
found through previous database searches.
A final author search was also performed on
authors with four or more articles that were
included in the systematic review. Relevant ar-
ticles were searched in Scopus (Elsevier) by the
health sciences librarian (HVV) to determine if
they were cited by studies not found through
previous searches. Next, each article was
searched in Retraction Watch (http://www.re-
tractionwatch.com). An additional search was
completed for each study in PubMed using
a retraction/correction database search filter
(http://bit.ly/pubmed-filters) to ensure that the
study was included and the correct data was
used for analysis.

EndNote (Clarivate) was used to store and
manage all citations found in the search
process and to check for duplicates. Search
strategies and results were tracked using an
Excel 2016 (version 1803, build 9126.2295,
Microsoft Inc, Redmond, WA) workbook de-
signed specifically for this purpose (https://
showcase.dropbox.com/s/Kf4pYVTvFqSJ-
dZR2Spzlu). A list of excluded citations from
each step may be requested from the corre-
sponding author.

Study selection

To determine the agreement of the results be-
tween search engines, an inter-rater reliability
test was conducted using a Cohen’s kappa re-
liability test. Prior to screening all titles and ab-
stracts, an online random number generator
(https://www.random.org/integers/) was used
to create a random sample of 31 numbers that
were input into a spreadsheet (Excel 2016, Mic-
rosoft, Redmond, WA, USA) workbook designed
specifically for the this test. If there were any du-
plicate numbers, a replacement was assigned by
choosing a number between the pair and the
adjacent number below or above. The numbers
corresponded to line numbers within the Excel
workbook, resulting in a random sample of titles
and abstracts; authors and journal titles were
not included in the sample. Two authors (DG
and CS) independently screened the sample.
The test was considered successful if Cohen'’s
kK was >0.70. The authors then independent-
ly screened all titles and abstracts while being
blinded to the authors and journal titles, using
an Excel workbook developed for this purpose.
The data were compiled and a consensus was
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reached on disputed items via arbitration by an
expert in the field (KT). Articles considered for
inclusion were independently reviewed by two
authors (DG, CS) and consensus was reached by
facilitating discussions on any disagreements.
Additional articles were excluded during the
data extraction process if the reviewer was un-
able to identify sufficient congruent data points
for extraction based on the predefined data
extraction forms. Both reviewers (CS and DG)
agreed on the exclusion of these articles.

Data collection process

Data extraction was performed using electron-
ic Excel 2016 workbooks developed by the pri-
mary author (DG), with variables guided by an
expert in the field (KT). Forms were piloted by
independent extraction by two authors (DG,
CS) of two random studies of each study type
(case report, case series, or cohort). The final
data extraction from all the included studies
was performed by a single reviewer (DG). After
this final extraction, 5% of the included stud-
ies were randomly selected and re-extracted
by a single reviewer (CS) to ensure consistent
inter-rater data variable extraction. The missing
data were not interpolated and authors were
not contacted for additional details.

Data items

Data variables sought included bibliograph-
ic information, geographic location, patient

I8 records imanided tam all sourcss |

716 nikas & absiracts i screan |

270 fill T records to raviaw |

266 full teal records avalabie 1o raviaw |

215 pubbcalions included
Reparting on 215 studias
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demographics, clinical and diagnostic evalua-
tions, pharmacological treatments, nonphar-
macological treatments, and surgical treat-
ments. Outcomes were assessed descriptively
as No consensus outcome measures exist for
ECDS/PRS treatment.

Risk of bias in individual studies
Bias was not systematically assessed in this re-
view at the individual study level.

Summary measures

Descriptive statistics were calculated for
multiple clinical variables in Excel 2016. No
formal measures of difference were calcu-
lated due to the significant heterogeneity
among studies and lack of standardized out-
come measures.

Synthesis of results

Data extracted from the included manuscripts
was tabulated and combined using simple
arithmetic methods. The case series data was
tabulated on the individual patient level wher-
ever available, while the cohort study data was
extracted for analysis via tabulation of report-
ed instances of each variable and combined
additively with summed data from individual
patients to produce overall descriptive and
summative statistics (DG, CS, KS). Excel 2016
and Word 2016 (Microsoft, Redmond, WA, USA)
were used for data visualization.

B2 duplcates eeclusded

4B Tilkes & abelracls excluded
JBT  Concrkntdiagnosis not linear sclarodanma of
related
28 Wee not on e head
18 Wae not onginal research, Le was not case
raport ar senes, not & cohort
3 Othar

A feema reat aaailabhe far raview

51 Full text arlickes axcludad
15 Condimnddiagness ndl linear sclerodenma oF
related
1 Wes nol on Fe head
B W nof origingl research, e was not case
raport ar senes, not & cohort
27 Uihar
Prat full haxt i mecluson; lack of
axiractabde data

4]

Figure 2. PRISMA flowchart for rapid scoping review process.

Results

Literature and demographics

The systematic review and manual search
identified a total of 778 records, of which 215
met the final inclusion criteria for evaluation
(Figure 2). Six countries were described, with
the majority of patients being in the United
States of America, and China and Brazil ac-
counting for 60% of the total (Table 2). Surgical
and dermatological subject journals were the
source for approximately half of included arti-
cles (111/215, 51%) (Figure 3). Only a minority
of articles were published in rheumatology or
pediatric subject journals.

Table 2. Demographics (N=1430).

n (%n)  (%N)
Age - - -
Authorship
(Mean = 25 years) 357 - (25.0)
Under 18 128  (36.0) (9.0)
Onset (Mean = 15 years)195 (13.7)
Under 18 140 (71.9) (9.8)
Sex 1019 - (113)
Female 662 (65) (46.3)
Male 357 (35) (25.0)
Lesion Location 516 - (36.1)
Right 248  (48.1) (17.3)
Left 248  (48.1) (17.3)
Bilateral 13 (2.5) (0.9
Midline 7 (1.4)  (0.5)
Diagnosis 1427 - (99.8)
Parry-Romberg
Syndrome (PRS) 863 (60.5) (60.3)
En coup de sabre (ECDS) 433 (30.3) (30.3)
PRS + ECDS 131 (9.2) (9.2)
Country of Origin - - -
United States (28)
Other (combined) (19)
China (17)
Brazil (15)
United Kingdom (8)
Germany (7)
India (6)

ECDS: en coup de sabre; PRS: Parry-Romberg Syndrome.
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Journal Type and Patient Count
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Figure 3. Journal topic-category and relative contribution of patient cases. There is apparent
over-representation of surgical journals in terms of both publication number and patient cases.
Note that journal topic-category may not reflect the medical specialty of the primary authors.

Table 3. Clinical evaluations (n=patients who
received at least one exam, N=1430).

Table 4. Surgical Intervention (n=patients
who received atleast one treatment, N=1430).

n (%n) (%N) n (%n) (%N)
Neurological 300 - (20.9) Surgical Intervention 844 - (59.0)
MRI Brain 272 (65.5) (19.0)  Autologous Fat Graft 713 (84.5) (49.9)
CT Head 84 (20.2) (5.9) Flap 346 (41.0) (24.2)
MRA/CTA 24 (5.8) (1.7) Autologous Fat Graft
EEG 21 (51) (1) with Supplement 58 (6.9) (4.1)
Advanced* 14 (34 (1.0 Dermal Fat Graft 56 (6.6) (3.9)
Ophthalmological 39 ) 2.7) Other (combined) 48 (5.7) (3.4)
Dilated Exam 28 (622) (2.0) Medporimplant 1821 03
Tonometry 4 (8.9 (0.3) Eye Repair 16 (1.9 (1.1)
Ex-ophthalmometry 9 (20.0) (0.6) Osteotomy 13 (15 (09
oCTIUS 10 (196 (0.7) Vermillion Flap 11 (1.3) (0.8)
Osteological 168 - (11.7) Rhinoplasty 8 (09 (06
T Face 3 (179 (2.4) Hyaluronic Filler 7 (0.8) (0.5
3DCT 78 (41.1) (5.5) The included articles described a total of 1430
cases of PRS and ECDS. Over half of the cases
Cone Beam CT 43 (22.6) (3.0)  were described in surgical journals while rheu-
Cephalogram 35 (18.4) (2.4) matology and pediatric journals were in a sig-
| @3) nificant minority in terms of case reports.
Denta 61 - 4.3
Panorex 50 (75.8) (3.5) Theoverall average age of onset reported was
N 15 years, while the average age at the time of
Advanced 16 (24.2) (1.1) case authorship was 25 years (Table 2). Raw
Dermatological 52 - (3.6) data for both the age at onset and the age
) at time of authorship was not available from
Biopsy 52 (100) (3.6) cohort studies, therefore, was not included in
Photographical 63 - (4.4)  the final analysis. Most of the described cases
received a diagnosis of PRS and only a minority
3D stereophotogrammetry 44 (60.3) - (3.1) of cases were noted to have a PRS/ECDS over-
Laser 29 (39.7) (2.0) lap. When reported, the lesion location was

*MR spectroscopy, fiber tractography, SPECT, FDG-EPT.
A3D or 2D intraoral photography, gingival biopsy.

evenly distributed between either the right or
left side of the face, with a minority of cases
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showing lesions at the midline or with bilateral
presentation (Table 2).

Clinical evaluation for extracutaneous manifesta-
tions (ECMs)

The percentage of patients receiving clinical eval-
uation for ECMs varied according to the ECM type
(Table 3). Many of the reviewed cases did not re-
port screening for ECMs. For neurologic mani-
festations, magnetic resonance imaging (MRI) of
the brain was the most common test performed,
followed by CT of the head, MRA/CTA, and EEG.
Abnormalities were reported in 40% (108/272)
of MRI studies. Advanced evaluations including
MR spectroscopy, fiber tractography, SPECT, and/
or FDG-EPT were performed in a minority of pa-
tients. At least one neuroimaging evaluation was
reported in 20% (300/1430) of patients.

Ophthalmologic evaluations, including dilata-
tion examination, tonometry, exophthalmom-
etry, and/or optical computed tomography/
ultrasound were reported in only 3% of cases.
The findings were broad, but most commonly
included enophthalmos, lagophthalmos, iritis,
and anterior uveitis.

Osteological investigations, including CT Face,
3D-CT, cone beam CT, and/or cephalogram
were reported in 12% of cases, both for diag-
nostic aid and surgical planning. Formal den-
tal evaluation beyond clinical inspection was
performed in 4% of cases. Abnormal findings
included shortened roots, missing secondary
teeth, and alveolar resorption. This does not
include indirect dental evaluation from oste-
ological studies. Dermatologic biopsy was in-
frequently utilized in the reported cases. Quan-
titative photographical evaluations including
3D stereophotogrammetry and/or laser pho-
togrammetry (not including 2D clinical photo-
graphs) were present for 4% of cases.

Treatment

Surgical treatments were noted in over half
of patients with many patients receiving con-
current multiple interventions (Table 4). Au-
tologous fat grafting was the most frequently
reported intervention followed by various
flap-based procedures. Fat graft procedures
generally utilized the Coleman technique, also
known as structural fat grafting. A variety of
additional reconstructive procedures were also
utilized, depending on the severity of the pa-
tient, encompassing both soft-tissue and bony
structural interventions.

Medications were infrequently utilized in the
cases reviewed. Topical therapies were iden-
tified in 4% of cases, most frequently done
by glucocorticoids and calcipotriol. Systemic
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Table 5. Pharmacological Treatments
(n=patients who received at least one
treatment, N=1430).

n (%n)  (%N)

Topical 57 - (4.0)
Glucocorticoid 53 (44.5) (3.7)
Calcitriol 31 (26.1) (2.2)
Tacrolimus 18  (15.1) (1.3)
Phototherapy 10 (8.4) (0.7)
Other 7 (5.9) (0.5
Steroids 76 - (5.3)
PO 33 (43.4) (2.3)
v 16 (21.1) (1.1)
Unknown 16 (21.1) (1.1)
Intralesional 11 (14.5) (0.8)
DMARDs 96 - (6.7)
Methotrexate 90 (81.1) (6.3)
Mycophenolate mofetil 14 (12.6) (1.0)
Azathioprine 3 (2.7) (0.2
Cyclophosphamide (2.7) (0.2)
Cyclosporine A 1 (0.9) (0.1)
Biologics 5 - (0.3)
Tocilizumab 4 (80.0) (0.1)
Abatacept 1 (20.0) (0.3)

PO: oral; IV: intravenous.

treatment with DMARDs and corticosteroids
were noted, though not all DMARD-treated pa-
tients received systemic steroids (Table 5). The
use of a new targeted monoclonal antibody
therapy, including tocilizumab or abatacept,
was rare. Adjunctive treatment with cutaneous
phototherapy (UVA or UVB) was utilized in less
than 1% of patients.

Discussion

Demographics

Consistent with the known epidemiology of
PRS/ECDS, more than two-thirds of patients
with available data had the onset of disease
with the first 2 decades of life. There was an
approximately a 2:1 female-male ratio noted
in this review, which is in agreement with es-
tablished literature (2). There was also equal
distribution of the side of the lesions, as was
expected. Interestingly, more patients received
a diagnosis of Parry-Romberg Syndrome (PRS)
as compared to linear scleroderma ECDS,
though this may be an artifact related to the

Glaser et al. Updates in linear scleroderma of the head

over-representation of surgical literature in
this review. It is notable that despite the pedi-
atric-onset predominance of PRS/ECDS, there
is a relative paucity of papers published in pe-
diatric literature. This may be due to the tradi-
tional focus of allowing PRS/ECDS to “burnout”
and only intervening later in life with cosmetic
procedures (21). As the recognition of the au-
toimmune nature of PRS/ECDS and the role of
disease-modifying treatments increases, there
will hopefully be more prospective analysis on
the same published in the coming years (22).

Labs

No universal diagnostic labs exist for PRS/ECDS
and exhaustive laboratory investigation is not
needed for diagnosis. Previous summaries of
the literature have failed to identify any reli-
able correlation between standard laboratory
evaluations (such as CBC and sedimentation
rate) and disease status. The same has been
suggested for antibody testing, such as Antinu-
clear antibody (ANA) (23). However, there is po-
tential for risk stratifying LS patients as a whole
(PRS/ECDS patients included in prior analyses)
with antibody positivity, such as ANA, anti-his-
tone, and anti-single stranded antibody, with
these autoantibodies demonstrating the abili-
ty to predict disease relapse and correlate their
status with disease burden/severity (22, 24, 25).
However, evaluation of these autoantibodies
has not been performed in larger subsets of
PRS/ECDS subjects specifically.

Recent prospective investigations of serum
cytokines in LS patients have identified poten-
tial blood markers of disease activity includ-
ing CXCL9 (1, 26). However, the application of
these markers to PRS/ECDS patients is unclear
and they are not yet widely available in clinical
practice.

CNS manifestations

Neurological findings are increasingly being
recognized as a common ECM of PRS/ECDS.
Previous cohorts have identified CNS manifes-
tations in up to 44% of patients with ECDS/PRS
(27). Patients may present with clinically appar-
ent CNS disturbances, such as seizures, hemi-
paresis, stroke, or cognitive decline, however,
a significant number of patients are found to
have asymptomatic lesions that are identified
only through prospective screening or have
lesions that may silently progress (28). As was
found in this review, a wide variety of CNS
findings have been associated with PRS/ECDS
across multiple recent cohorts (29, 30). The in-
cidence of asymptomatic lesions, possibility for
progression, and the long-term clinical signif-
icance are largely unknown due to the small
size of most cohort studies and lack of stan-

dardized neuroimaging evaluations.

Multiple cohort studies have identified MRI
as a safe and effective means of determining
CNS involvement, especially in patients that
are symptomatic (27-29). Contrast-enhanced
imaging should be considered as part of the
initial neurologic evaluation, especially given
the putative inflammatory nature of ECDS/PRS
(27,31).The wide spectrum of MRI findings and
poor correlation to dermatologic and neuro-
logic symptoms, however, argue strongly that
screening brain MRIs should be considered the
gold standard of care (23). There are few pro-
spective studies to suggest appropriate inter-
vals for neuroimaging despite the recognition
that a minority (up to 20%) of CNS lesions can
progress with time even in the absence of clear
cutaneous changes (27).

The role of dedicated vascular imaging for
screening purposes is currently unclear. In the
majority of cases noted in this review, dedicat-
ed MRA or CTA appeared to be relatively low in
yield except in cases where there was a high
suspicion for vascular involvement, such as the
presence of stroke-like symptoms (32). This
may be due to the involvement of the blood
vessels below the resolution of these modali-
ties.

Osteological evaluation and 3D imaging

In addition to soft-tissue changes, atrophy or
abnormality of the facial bones is commonly
observed in PRS/ECDS, especially in more se-
vere or earlier-onset cases when the bone is
still developing (9, 21). These abnormalities lead
to both aesthetic and functional concerns that
may be progressive and may require signifi-
cant surgical interventions in combination with
soft-tissue augmentation (33, 34). Therefore, de-
tecting and monitoring bone-level changes are
critical. The role for advanced 3D imaging was
noted in several studies, with surgical groups
utilizing both conventional multidetector com-
puted tomography (MDCT) reconstruction
and low-dose cone beam CT for perioperative
planning (35). Conventional 3D-MDCT recon-
struction provides excellent resolution of bone
and soft-tissue structures, but machines are
expensive and require exposure to ionizing ra-
diation. Cone beam CT has been proposed as
lower cost method of disease assessment, but it
has significant limitations in its ability to track le-
sions involving the forehead and requires a high
amount of radiation exposure on the part of the
patient (36, 37).

Three-dimensional stereophotogrammetry (3D
photography) is a radiation-free method to gen-
erate high quality volumetric models of soft-tissue
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surfaces using three calibrated camera images
and associated software (38). It has been utilized
for postoperative monitoring to track fat graft re-
tention and reliably assess the volume change of
soft tissues, though it may not capture accurate
osteological changes (21, 39, 40). Images can also
be integrated with other DICOM (CT or MRI) data
to create interactive 3D models of patients (41).
The increasing portability, ease of use, low cost
of these imaging techniques, and the absence of
radiation exposure are supportive of continued
integration of stereophotogrammetry into clinical
practice. Additionally, the advanced algorithmic
analysis of captured images can provide informa-
tion about pigmentation and vascularity that may
be useful in monitoring disease activity, especially
in combination with cutaneous outcome assess-
ments and adjunctive noninvasive disease moni-
toring (42-45).

Dental evaluation

Dental investigations were not well-docu-
mented in most patients, despite potentially
significant morbidity. It is possible that more
patients are receiving comprehensive screen-
ing during annual dental visits, but this is not
clearly reported in the cases studied in this
review. Basic screening with panoramic den-
tal images were infrequently obtained in this
review, despite their low cost and high clinical
accessibility. Lack of screening is worrisome
because root atrophy, tooth crowding, gingival
recession, and bite abnormalities are well-re-
ported in PRS/ECDS (36, 46). A recent interna-
tional consensus conference acknowledged
the need for dental screening in ECDS/PRS and
recommended baseline and follow-up dental
assessment for all children with this condition,
including baseline panoramic radiographs (23).

Ophthalmologic evaluations

A wide range of periocular, ocular, and neu-
ro-ophthalmic manifestations have been re-
ported in association with PRS/ECDS; a full re-
view of observed manifestations can be found
in Bucher et al. (47). Although many periocular
disorders such as enophthalmos or lagophthal-
mos can be readily visualized on inspection,
sight-threatening ocular manifestations, such
as uveitis, may be clinically silent. In line with
other ECMs, the onset may occur at any time
during the ECDS/PRS course and may occur/
flare discordant with cutaneous change (48). A
significant risk of permanent visual abnormali-
ties posed by silent ECMs again reinforces the
need for multidisciplinary evaluations. A recent
international effort to reach consensus among
pediatric rheumatologists and dermatologists
regarding baseline screening and monitoring
of PRS/EDCS determined that twice yearly eye
examinations are recommended (23).

Surgical treatments

Autologous fat grafting utilizing the Coleman
technique and microsurgical flaps are currently
the two most frequently used aesthetic inter-
ventions. Autologous fat grafting has been not-
ed to have lower perioperative morbidity and
shorter surgical times as compared to flap pro-
cedures, however, more severe defects require
an increased number of surgical procedures as
compared to flap-based reconstructions (49-
51). In addition, the resorption of grafted fat
may be difficult to predict and exaggerated
fat growth of the graft with total body weight
gain has been noted in cases (49). Efforts to
increase the retention rate through the use of
cell-assisted adipose, including adipose-derived
stem cells, has yielded generally positive results
(35, 52). However, significant work remains to
understand the optimal cell-transfer techniques
and the basic biology of these enhanced fat
products (53). Synthetic tissue fillers, such as
hyaluronic acid polymer, represent a potentially
attractive alternative to fat grafting as there is no
donor site and minimal surgical recovery (54).
Although fillers have been used successfully for
other pediatric conditions, there is no clear role
of the same in the management of pediatric fa-
cial correction at this time (55).

Free flaps

For large or severe ECDS/PRS manifestations,
the use of free flap grafts is a common ap-
proach (5). A variety of autograft donor sites
were identified in this review, including an-
terolateral thigh and the scapula-thoracic area,
which is concurrent with previous reviews of
the topic (56-58). The advantages and limita-
tions of various flap procedures and the details
of surgical techniques are beyond the scope of
this review, but can be found elsewhere (50).
New and interesting approaches include the
use of 3D modeling to better fit grafts in indi-
vidual patients to minimize donor site scarring
and maximize the aesthetic outcome (59).

Additionally, a standing debate remains re-
garding the optimal timing to initiate surgical
correction, with authors more recently advo-
cating for early intervention during the active
phase of the disease (51, 60). Preliminary data
suggests that early intervention with free flaps
may alter the gene expression of diseased ar-
eas to better resemble healthy skin, however,
at the same time, it is during the active and
inflammatory phase during which the timing
is most appropriate for systemic immunosup-
pressive medications to bring about an effect
in halting the disease process (1, 3, 60).

Bony reconstruction
Adjunctive reconstruction techniques to repair
bony defects are well-recognized as important
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for achieving good cosmetic and functional
outcomes. Patients in this review underwent
a variety of procedures, including osteotomies
and on-lay bone grafting with novel integra-
tion of 3D preoperative modeling, to improve
their aesthetic outcomes (51, 61, 62). Moldable
and 3D-printable porous synthetic or engi-
neered tissue implants can also be utilized and
may prove attractive due to their high custom-
izability (33, 34). The specific applications and
surgical techniques of each treatment option
is beyond the scope of this review, but is avail-
able for review in other publications (7).

Medical treatments

The combination of steroids and conventional
DMARDs, specifically methotrexate (MTX), re-
main the first-line therapy for LS and its sub-
types (23, 31, 63). A recent Cochrane review
affirmed the probable utility of early immuno-
suppressive therapy in LS, though was not able
to identify data for PRS/ECDS specifically (64).
The influence of treatment on morbidity from
ECMs in PRS/ECDS has yet to be prospectively
determined, though waxing and waning of the
symptoms being coincident with immunosup-
pressive treatment was frequently reported
(14, 65-67). Mycophenolate mofetil is gaining
popularity as a second-line and potential first-
line agent in treating LS, in combination with
corticosteroids (63, 68). Newer monoclonal
antibodies, including tocilizumab (anti-IL6)
and abatacept (CTLA4), do not yet have a clear
role in treatments, though they are an option
for treatment-resistant patients (69). There is an
established role for phototherapy with UVAT
or narrowband UVB in LS, though it has been
scarcely studied in pediatric patients or the
PRS/ECDS subtype (64).

Nevertheless, there remains substantial sub-
specialty-specific variation with regards to the
treatment. Pediatric rheumatologists in the UK
and North America overwhelmingly chose sys-
temic immunosuppression as first-line therapy
in a recent study, while a survey of pediatric
dermatologists in the USA reported that 37%
considered topical agents as primary or solo
therapy for LS of the head or neck (63, 70, 71).
The low number of patients receiving system-
ic medical treatment in this review likely stem
from the high percentage of surgical and der-
matological studies that were analyzed (Figure
3) and may not reflect the true global prac-
tice patterns of clinicians caring for PRS/ECDS
patients in the active phase of the disease.
Additionally, the Cochrane review noted the
overall low quality of available clinical studies
for treatment of LS (64). There is a clear need
for well-designed, prospective, and random-
ized-controlled trials with strong validated out-
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Figure 4. Proposed clinical evaluation, treatment,

comes and assessment measures to move the
field forward in optimizing treatment selection
for individual patients.

Assessment

To aid clinicians in assessing cutaneous dis-
ease activity, a variety of scoring systems
and instrument techniques are available (72).
The Localized Scleroderma Cutaneous As-
sessment Tool is a validated clinical scoring
system for tracking lesions over time (73, 74).
A number of different cutaneous monitoring
techniques including ultrasound, infrared
thermography, and optical coherence to-
mography have been proposed to aid de-
tection and monitoring of cutaneous lesions
but have not been validated in larger scale
studies (44, 45, 75). At this time, there is no
clear standardized role for these assessment
modalities, and further research is needed
before they can be broadly applied.

Conclusion

Based on the findings of this review and in
accordance with recommendations of other
expert groups, a flowchart of screening eval-
uations, treatments, and monitoring intervals
is proposed to serve as a reference for any
provider caring for a patient with PRS/ECDS
(Figure 4). Developing a consistent approach
to systemic screening and monitoring is crit-
ical for improving the outcome of patients

plan drtsik

and monitoring algorithm.

with ECDS/PRS. Despite published recom-
mendations for multidisciplinary evaluations
of LS, there remains significant shortfall in
screening for ECMs (23, 31). A recent nation-
al assessment of patient care by pediatric
rheumatologists in the UK noted 71% of PRS/
ECDS patients receiving MRI screening for
CNS involvement but only 2% receiving reg-
ular uveitis screening (71). Potential reasons
for this are likely complex and may include
low provider awareness of the need for com-
prehensive screening, lack of access to pedi-
atric subspecialty care, and limited validated
assessment and outcome measures.

In conclusion, this study identifies the ongoing
lack of interdisciplinary care and evaluation re-
ceived by PRS/ECDS patients, despite the clear
evidence of multisystem involvement in these
diseases. It reaffirms the importance of both
baseline and ongoing screening for ECMs, the
important role of early recognition and refer-
ral for medical therapy, and the variety of cos-
metic surgical procedures available to patients.
Lastly, it suggests specific methods for ensur-
ing holistic clinical assessments to improve the
clinical outcomes for patients.
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