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Abstract

Purpose of Review Esophageal dysfunction is common in systemic sclerosis (SSc) patients. Limited treatment options are
available for scleroderma esophageal disease. Here, we discuss recent updates on the diagnosis, treatment, and characterization
that have been made in patients with scleroderma esophageal disease.

Recent Findings In the past few years, novel diagnostic tools have provided insight into esophageal dysmotility in SSc patients.
New drugs are being tested and might improve symptoms and quality of life in SSc patients with esophageal dysfunction.
Molecular stratification methods have facilitated the identification of molecular signatures in the esophagus of SSc patients.
The Friend leukemia integration 1 (Flil) conditional knockout mouse is the first animal model to report an esophageal phenotype
with SSc features.

Summary The clinical presentation in SSc patients with esophageal dysfunction is heterogeneous, complicating diagnosis and
management. The improvement of diagnostic tools for esophageal symptoms and dysfunction and the use of molecular ap-
proaches in SSc mouse models and patient biopsies offer an opportunity to improve the characterization of SSc esophageal
disease, which should help improve management and treatment decisions.

Keywords Systemic sclerosis - Esophagus - Manometry - Impedance - Esophageal reflux monitoring - Functional luminal
imaging probe

Abbreviations EGJ Esophagogastric junction

Flil Friend leukemia integration 1 IQR Interquartile range

K14 Keratin-14 HRM  High-resolution manometry

SSc Systemic sclerosis MRS  Multiple rapid swallows

ILD Interstitial lung disease EPT Esophageal pressure topography

CT Computed tomography GISSI  Gastrointestinal Symptoms Severity Index

PPI Proton-pump inhibitor GIT University of California Los Angeles Scleroderma
BI Baseline impedance Clinical Trial Consortium Gastrointestinal Tract
NERD Non-erosive reflux disease HRIM  High-resolution impedance manometry

ACPA  Anti-citrullinated peptide antibodies FLIP Functional luminal imaging probe

RA Rheumatoid arthritis
LES Lower esophageal sphincter

—— : : Introduction
This article is part of the Topical Collection on Scleroderma

Systemic sclerosis (SSc) is a complex autoimmune disease
with multisystem manifestation [1]. Disease pathogenesis is
attributed to smooth muscle atrophy, fibrosis, vasculopathy,
o and inflammation [1, 2]. Esophageal symptoms and dysfunc-
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scleroderma esophagus demonstrate smooth muscle atrophy
as opposed to fibrosis as the predominate pathology [5].
Despite increasing efforts to better understand the nature of
scleroderma esophageal disease, our knowledge of its patho-
genesis remains poorly understood. Inconsistent associations
have been reported between SSc clinical manifestations (dis-
ease subtype, serum autoantibodies, Raynaud’s phenomenon,
interstitial lung disease) and esophageal dysfunction [6—10].
Consequently, the management of esophageal diseases in SSc
patients continues to be challenging, and no disease-
modifying treatment exists. However, recent scientific ad-
vances from clinical and translational investigations hold
promise for future progress toward improving the outcome
and the quality of life for these patients. In this review, we
describe the latest advances made in the evaluation, manage-
ment, and pathogenesis of scleroderma esophageal disease.

Autoantibodies

Serum autoantibodies against a variety of self-antigens have
been detected in SSc and have been associated with clinical
manifestations, but the correlations with esophageal dysfunc-
tion have been inconsistent [6—11]. Anti-citrullinated peptide
autoantibodies (ACPA) are the most relevant biomarker for
the detection of rheumatoid arthritis (RA), with detection
levels ranging between 50 and 75% [12]. A recent meta-
analysis determined the prevalence of ACPA to be 9.2% in
SSc patients [13]. Furthermore, ACPA-positive SSc patients
had an increased risk of esophageal involvement, along with
erosive arthritis, pulmonary fibrosis, and diffuse skin involve-
ment. This suggests either the existence of an SSc-RA syn-
drome or that ACPA is associated with a specific clinical

phenotype.

Computed Tomography

Several studies have reported the prevalence of esophageal
dilatation in SSc using chest computed tomography (CT)
scans [14—17]. Furthermore, esophageal dysfunction has been
correlated with the presence of esophageal dilatation [16, 17].
It has been suggested that microaspiration caused by esopha-
geal dysfunction might be involved in the development and/or
progression of interstitial lung disease (ILD) in SSc, but this
hypothesis is unproven [9, 10, 18]. A recent study analyzed
the esophageal diameter of 121 SSc patients with ILD and 48
SSc without ILD along with 121 pulmonary clinic patients
and 110 normal subjects [19+]. Esophagi from SSc patients
with ILD had greater diameters than those from SSc patients
without ILD. Interestingly, esophageal dilatation was greater
in SSc patients (with or without ILD) than pulmonary clinic
patients. This observation suggests that increased esophageal
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dilatation in SSc patients with ILD cannot be completely at-
tributable to increased disease severity. Another study also
investigated the association between esophageal dilatation
and SSc ILD using high-resolution computed tomography
[20°]. Increased ILD (increased lung fibrosis and ground glass
opacity) was associated with greater esophageal diameter.
Furthermore, increased esophageal diameter was correlated
with lower forced vital capacity and diffusing capacity for
carbon monoxide. This study also showed that SSc patients
with greater diameter esophagi were more likely to be positive
for Scl-70 serum autoantibodies. Given that both of these
studies were retrospective cross-sectional investigations, lon-
gitudinal studies are still needed to demonstrate whether or not
esophageal dilatation predicts progression of ILD in SSc
patients.

Esophageal pH-Impedance

Gastroesophageal reflux disease (GERD) is common in SSc
patients and can lead to serious complications such as bleed-
ing, stricture, Barrett’s esophagus, and esophageal adenocar-
cinoma [21]. Furthermore, as mentioned above, GERD might
be involved in the progression of ILD [9, 10, 18]. GERD in
SSc patients is commonly treated with proton pump inhibitors
(PPIs) [3]. Recently, the effectiveness of PPI therapy was
evaluated in SSc patients [22¢]. Analyses of combined pH-
impedance testing demonstrated that acid exposure time
(AET) of more than 4.5% was seen in 61% of SSc patients,
while 55% of SSc patients have an AET of more than 6%.
These AET values were observed despite the fact that SSc
patients were on high-dose PPIs. Interestingly, these AET
values were much greater than those of historical cohorts of
patients with GERD also on twice-daily PPIs [23].
Furthermore, SSc patients had longer AET, longer median
bolus clearance time, and lower mean nocturnal baseline im-
pedance when compared with matched controls on high-dose
PPIs. Hence, the threshold to escalate PPI therapy should be
low in SSc patients with persistent reflux symptoms while on
PPIs. Moreover, this study suggests a rationale to utilize pH-
impedance testing in those SSc patients to guide that manage-
ment decision. The test should be done with the patients tak-
ing their potentially inadequate regimen, and if the study
shows a persistently abnormal AET, their therapy should be
adjusted to a more potent regimen, be that higher dosage or
more potent PPI medication.

Combined esophageal multichannel intraluminal
impedance-pH monitoring is often used for the assessment
of GERD. Changes in resistance (i.e., impedance) to alternat-
ing current passed between pairs of metallic rings mounted
along a catheter are measured to detect anterograde or retro-
grade bolus movement within the esophagus in a pH-
independent fashion. Given the negative correlation between
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electrical impedance and the ionic concentration of the
intraluminal content, the resistance of esophageal boluses with
high ionic concentrations is relatively low, compared with
relatively high baseline impedance of the esophageal epitheli-
um [24]. It has also been suggested that the measurement of
esophageal baseline impedance (BI) using 24-h multichannel
intraluminal impedance-pH monitoring might be useful for
the evaluation of the esophageal mucosal integrity [25, 26].
A recent study evaluated and compared esophageal baseline
impedance in SSc patients, non-erosive reflux disease
(NERD) patients, and healthy control subjects [27]. Lower
values of esophageal baseline impedance were found in SSc
patients compared with NERD and healthy controls. These
differences in BI were observed both in the proximal and
distal esophagi. These findings suggest a greater and more
extensive compromise of mucosal integrity in SSc than in
NERD patients.

Functional Luminal Imaging Probe

The functional luminal imaging probe (FLIP) is a novel diag-
nostic tool devised to measure the distensibility of the esoph-
ageal body and esophagogastric junction (EGJ) that is used to
assess esophageal function. FLIP consists of a compliant bag
mounted on a catheter over a series of ring electrodes that
provides data on pressure and regional cross-sectional area
during volumetric distension of the esophagus using the prin-
ciple of impedance planimetry. FLIP studies have proven it to
be a valuable tool for the evaluation of conditions with abnor-
malities in mechanical properties of the esophageal wall and/
or EGJ, such as achalasia and eosinophilic esophagitis
[28-30]. FLIP has also been used in a small study of 12 SSc
patients with reflux or dysphagia (11 women, median age 53,
duration of disease 1-20 years) [31]. Lower EGJ yield pres-
sure was reported in SSc subjects (median 40 mmHg (inter-
quartile range (IQR) 2.8-7.7)) compared with healthy control
subjects (median 6.2 mmHg (IQR 1.85-2.67)). Furthermore,
healthy controls had a higher pressure-strain elastic modulus
(median 2.41 kPa (IQR 1.85-2.67)) than patients with SSc
(median 1.73 kPa (IQR 1.16-2.15)), demonstrating that SSc
patients have reduced resistance to distension. Limitations of
this study include the small size of the population studied and
their heterogeneous clinical profiles.

Esophageal Manometry

High-resolution manometry (HRM) measures esophageal
pressures during a series of swallows and utilizes a catheter
with multiple sensors spaced 1 cm apart spanning from the
hypopharynx to the stomach. Esophageal pressure topography
(EPT) is a space-time pressure plot generated using computer

software that interpolates pressure values between the pres-
sure sensors (Fig. 1). HRM and EPT have greatly improved
the standardization of esophageal manometry and are at the
foundation of a new consensus classification system for
esophageal motility disorders [32¢¢]. Additionally, the
American College of Rheumatology updated its SSc criteria
in 2013 improving the specificity and sensitivity of the diag-
nosis of SSc. The associations between SSc-related systemic
manifestations and esophageal function were evaluated in 79
SSc patients (85% female, ages 25 to 77 years) using HRM/
EPT (Table 1) [33]. Heterogeneous esophageal motility diag-
noses were observed among SSc patients. More extensive skin
disease (assessed using modified Rodnan skin score) and
worse lung function were associated with absent contractility
on HRM. However, no relationship was observed between
disease duration, autoantibodies, reported symptoms of dys-
phagia or reflux, and esophageal motility diagnosis. Another
study which analyzed 122 SSc patients (75% women, mean
age 53.3 £ 15.5 years) using HRM/EPT also observed diverse
esophageal motility diagnoses (Table 1) [34]. Absent contrac-
tility was seen in 60% of SSc patients. These SSc patients
were younger and had more severe reflux. Moreover, erosive
esophagitis, hiatal hernia, and esophageal strictures were more
likely to occur in SSc patients with absent contractility com-
pared with patients with normal or ineffective esophageal mo-
tility. Taken together, these studies illustrate the need for more
HRM studies to better understand the pathophysiological
mechanisms of SSc scleroderma esophageal disease. Also,
HRM studies have now shown consistently that only a subset
of SSc patients exhibit the classic scleroderma esophagus mo-
tor pattern, defined by a hypotensive LES and weak or absent
peristalsis. Consequently, it has been widely advised that the
term “scleroderma esophagus” be abandoned as it is neither
sensitive nor specific for a SSc diagnosis [37]. Interestingly, a
recent study investigated functional esophageal alterations by
high-resolution impedance manometry (HRIM) in 45 SSc pa-
tients without esophageal symptoms and disease duration of
less than 3 years (Table 1) [35¢]. HRIM abnormalities were
found in up to 84% of these SSc patients, and the finding of
impaired esophageal motility at baseline was predictive of the
development of esophageal symptoms over time.
Furthermore, SSc patients negative for the anti-centromere
antibody had a higher prevalence of HRIM abnormalities.
The findings from this study suggest that including HRIM in
the baseline assessment of SSc patients may have prognostic
utility even in the absence of esophageal symptoms.

It has also been proposed that incorporating multiple rapid
swallows (MRS) into an HRM protocol allows for the assess-
ment of “peristaltic reserve” [38, 39]. The adequacy of peri-
staltic reserve was assessed in 111 SSc patients during HRM
[36°], and an abnormal MRS response was the most common
manometric finding compared with controls (Table 1).
Contraction augmentation (37%) and peristaltic augmentation
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Fig. 1 High-resolution | v— —
manometry recording (left) and

corresponding radiograph of a
barium swallow (right) showing
the classic findings of
scleroderma esophagus, absent
peristalsis, hypotensive lower
esophageal sphincter, and mild
esophageal dilation with stasis of
barium. The integrated relaxation
pressure (IRP) is a measure of the
adequacy of sphincter relaxation
after a swallow with 15 mmHg
being the upper limit of normal.
Note the absence of any
contractile response beyond the
proximal esophagus (top) and the
absence of any lower esophageal
sphincter contraction between the
crural diaphragm contractions
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(18%) were observed significantly less frequently after MRS
in SSc patients than in controls (83% and 100%, respectively).
Moreover, impaired peristaltic reserve was observed in the
majority of patients with SSc and was independent of the
baseline motility diagnosis. These findings could be useful
for the management of SSc patients as it could help identifying
patients requiring more intensive treatment.

Health-Related Quality of Life Studies

A negative impact on health-related quality of life (HRQOL)
has been reported in SSc patients with gastrointestinal tract
involvement [40, 41]. Recently, findings from HRQOL GIT
2.0 (University of California Los Angeles Scleroderma

Crural diaphragm

Color Pressure Scale (mmHg)
B |

150

Clinical Trial Consortium Gastrointestinal Tract) question-
naires have been correlated with HRM findings and SSc pa-
tient characteristics. A study of 40 Egyptian SSc patients (32
females, mean age 43 = 10.3 years) found a correlation be-
tween HRM findings and patient-reported symptoms [42].
The emotional score was positively correlated with GIT score,
reflux symptoms, and esophageal distension was demonstrat-
ed. Moreover, a positive correlation was also observed be-
tween the social function score and total GIT scores, reflux
symptoms, and esophageal distension. This suggests that GI
manifestations lead to decreased social interactions and cause
psychological distress. Regression analyses have shown a
negative correlation between reflux symptoms and GIT
scores. Another study performed on 200 SSc patients (85%
female) and 102 controls found that SSc patients with

Table 1 Summary of the high-resolution manometry (HRM) studies performed in SSc patients

Authors of the Summary of the study

study

Kimmel et al. * Associations between SSc-related systemic manifestations and esophageal function were evaluated in 79 SSc patients
[33] * More extensive skin disease and worse lung function were associated with absent contractility on HRM

Aggarwal et al. 122 SSc patients were analyzed by HRM

[34] * Absent contractility was seen in 60% of SSc patients

* Erosive esophagitis, hiatal hernia, and esophageal strictures were more likely to occur in SSc patients with absent contractility
compared with patients with normal or ineffective esophageal motility

Vettori et al. [35¢] < Functional esophageal alterations were investigated by high-resolution impedance manometry (HRIM) in 45 SSc patients without
esophageal symptoms and disease duration of less than 3 years
* HRIM abnormalities were found in up to 84% of these SSc patients, and the finding of impaired esophageal motility at baseline was
predictive of the development of esophageal symptoms over time
* SSc patients negative for the anti-centromere antibody had a higher prevalence of HRIM abnormalities

Carlson et al.

* The adequacy of peristaltic reserve was assessed in 111 SSc patients during HRM

[36°] * An abnormal multiple rapid swallow (MRS) response was the most common manometric finding compared with controls
* Contraction augmentation (37%) and peristaltic augmentation (18%) were observed significantly less frequently after MRS in SSc

patients than in controls

* Impaired peristaltic reserve was observed in the majority of SSc patients and was independent of the baseline motility diagnosis
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abnormal esophageal motility reported more severe reflux on
the GIT and more severe dysphagia, chest pain, and heartburn
on the Gastrointestinal Symptoms Severity Index (GISSI)
[37]. More frequent and severe dyspeptic and lower GI symp-
toms were also reported on the GIT and GISSI in SSc patients
with absent contractility. Moreover, decreased condition-
specific HRQOL correlated with more severe esophageal dys-
function. Finally, the severity of esophageal dysmotility could
be predicted by the duration of SSc diagnosis, total GIT
scores, and the presence of interstitial lung disease. These
studies confirm the negative impact of esophageal motor dys-
function on the quality of life in SSc patients.

New Treatment

As mentioned previously, GERD and esophageal motor dys-
function are the ultimate cause of esophageal symptoms in
SSc patients. No treatment exists to effectively reverse these
abnormalities. PPIs and prokinetic agents are commonly used
to treat symptoms, but the evidence supporting their use is
limited. Buspirone, a 5-hydroxy-tryptamine 1A receptor ago-
nist, was shown to strongly stimulate esophageal peristalsis
and LES function [43, 44]. In a 4-week prospective open-label
trial, the administration of 20 mg buspirone daily was shown
to significantly increase LES resting pressure in SSc patients,
while other manometric parameters were unchanged [45¢].
Furthermore, a better response to buspirone was observed in
SSc patients with less esophagus dilatation, suggesting that
patients with a less severely affected esophageal function
would respond better to treatment. The symptoms of regurgi-
tation and heartburn were also improved significantly from
baseline following the 4-week administration of buspirone.
Although a more conclusive evaluation is needed with ran-
domized, placebo-controlled investigations, this suggests that
buspirone administration could be used in SSc patients with
reflux symptoms as an alternative or adjunct to standard
treatments.

Molecular Stratification in Patients With
Scleroderma Esophageal Disease

The molecular mechanisms that regulate the pathogenesis of
SSc esophageal disease are still poorly understood.
Consequently, there is no biomarker for disease progression
and no disease-modifying treatments for SSc esophageal dis-
case. Recently, a genomic approach was used to demonstrate
the heterogeneity of SSc esophageal disease patients at the
molecular level [46+]. Gene expression profiling of esophage-
al biopsies of SSc patients using DNA microarrays identified
two molecular intrinsic subsets of SSc esophageal disease
patients. An inflammatory gene expression signature was

found in one group of patients while a non-inflammatory/pro-
liferative signature was found in another subset. The compar-
ison of clinical, demographic, disease, and histopathological
features between the two molecular subsets showed no signif-
icant differences in the clinical phenotypes (skin disease sub-
type, serum autoantibodies, smoking history, lung disease),
with the exception of age; patients harboring an inflammatory
gene signature were significantly older. Hence, this study sug-
gests that patient subsets identified by gene expression are
distinct from clinically defined subsets. Limitations of this
study include the absence of healthy control subjects, the
low sample size number, the low success rate in obtaining
esophageal biopsies deeper than the epithelium, and the ab-
sence of esophageal functional studies. Despite these limita-
tions, this was the first study to provide insight into the genetic
pathogenesis of SSc esophageal disease and holds promise for
the identification of new therapeutic targets.

Mouse Models of Scleroderma Esophageal
Disease

Mouse models are powerful tools to model human diseases
and to perform preclinical testing of new therapies. Because of
the molecular and physiological similarities between mouse
and human and because of their shorter life cycle and gestation
time, mice are valuable models for studying human diseases,
including autoimmune diseases. Numerous studies have used
mouse models to recapitulate one or more aspects of SSc and
to better understand SSc pathogenesis [47, 48]. However,
most of these studies have focused on the pathogenic mecha-
nisms of skin and lung fibrosis [47, 48]. Only one study re-
ported mouse models of SSc having an esophageal phenotype
[49+]. The lack of studies investigating scleroderma esopha-
geal diseases may be partially explained by histological dif-
ferences between the human and mouse esophagi (Fig. 2). In
rodents, but not humans, the superficial squamous cells un-
dergo keratinization [50]. Moreover, in human, the muscularis
mucosa of the proximal esophagus is composed of skeletal
muscle, which gradually transitions to smooth muscle in the
distal esophagus. On the other hand, the entire mouse esoph-
agus is composed of striated muscle. Lastly, submucosal
glands are absent from mouse esophagus and present in
humans. The other explanation for the lack of studies
reporting scleroderma esophageal disease might be that inves-
tigators are simply not harvesting the esophagus when analyz-
ing new SSc mouse models.

Friend leukemia virus integration 1 (Flil) belongs to the fam-
ily of Ets transcription factors that have been shown to regulate
fibrogenesis [51]. Constitutive Flil suppression has been ob-
served in skin keratinocytes, dermal fibroblasts, and dermal mi-
crovascular endothelial cells in SSc patients [52]. Recently, con-
ditional Flil knockout in mouse epithelial cells has been
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Fig. 2 Mouse esophageal histology. The esophageal mucosa consists of
three layers: a stratified epithelium, the lamina propria that contains
connective tissue, and the muscularis mucosa that is composed of
smooth muscle. The submucosa contains connective tissue, blood and
lymphatic vessels, immune cells, nerve cells, and small mucous glands.
In rodents but not humans, the superficial squamous cells undergo
keratinization. Unlike human, the entire mouse esophagus is composed
of striated muscle. K keratin, Epi epithelium, LP lamina propria, MM
muscularis mucosa, SM submucosa, ME muscularis externa. Scale bars,
100 M

generated using the keratin-14 (K14) promoter [49+]. Mice with
Flil loss in K14-positive cells led to spontaneous skin fibrosis,
autoimmunity with ILD, and esophageal fibrosis. Increased ac-
cumulation of collagen in the esophagus was accompanied by
increased expression of fibrosis-related genes such as Collal,
Colla2, 111b, 116, 118, and Tgfbl. Studies have suggested that
epithelial cells may play a role in early disease manifestation in
SSc patients [53, 54]. Interestingly, increased expression of IL-
13 was confirmed in the esophageal epithelium by immunohis-
tochemistry. Moreover, Ragl-deficient mice (absence of mature
B cells and T cells) that received T cell transfer from Flil-defi-
cient mice did not develop esophageal fibrosis. Additionally,
mice with both Fli/ and Ragl deficiencies were still able to
develop esophageal fibrosis. Therefore, findings from this study
support the concept of a central role for esophageal epithelial
cells in the development of fibrosis and also indicate that esoph-
ageal involvement is not mediated by autoimmunity but rather by
the Flil deficiency in esophageal epithelial cells.

Conclusions

Increasing efforts have been made in recent years to investi-
gate esophageal dysfunction in SSc patients. The development
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and/or improvement of diagnostic tools have allowed the char-
acterization of clinical and/or molecular subsets of SSc pa-
tients, but further research is needed to improve our under-
standing of esophageal dysmotility and reflux. New therapies
are urgently needed to improve the outcome and quality of life
of SSc patients with esophageal dysmotility. Although the
number of mouse models that have a scleroderma esophageal
disease phenotype is still quite limited, valuable insights have
been gained from these models. More mouse models are need-
ed to gain a deeper understanding of scleroderma esophageal
disease, hopefully leading to an improvement in patient
outcomes.

Author Contributions P.K. and M.-P.T. wrote the manuscript.

Grant Support This work was supported by NIH NIDDK P01
DK117824.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflicts of
interest.

Human and Animal Rights and Informed Consent  All reported studies/
experiments with human or animal subjects performed by the authors
have been previously published and complied with all applicable ethical
standards (including the Helsinki declaration and its amendments,
institutional/national research committee standards, and international/na-
tional/institutional guidelines).

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

*« Of major importance

1. Allanore Y, Simms R, Distler O, Trojanowska M, Pope J, Denton
CP, et al. Systemic sclerosis. Nat Rev Dis Primers. 2015;1:15002.
https://doi.org/10.1038/nrdp.2015.2.

2. LeRoy EC, Black C, Fleischmajer R, Jablonska S, Krieg T,
Medsger TA Ir, et al. Scleroderma (systemic sclerosis): classifica-
tion, subsets and pathogenesis. J Rheumatol. 1988;15(2):202-5.

3. Ntoumazios SK, Voulgari PV, Potsis K, Koutis E, Tsifetaki N,
Assimakopoulos DA. Esophageal involvement in scleroderma:
gastroesophageal reflux, the common problem. Semin Arthritis
Rheum. 2006;36(3):173-81. https://doi.org/10.1016/j.semarthrit.
2006.08.002.

4. Carlson DA, Hinchcliff M, Pandolfino JE. Advances in the evalu-
ation and management of esophageal disease of systemic sclerosis.
Curr Rheumatol Rep. 2015;17(1):475. https://doi.org/10.1007/
$11926-014-0475-y.

5. Roberts CG, Hummers LK, Ravich WJ, Wigley FM, Hutchins GM.
A case-control study of the pathology of oesophageal disease in
systemic sclerosis (scleroderma). Gut. 2006;55(12):1697-703.
https://doi.org/10.1136/gut.2005.086074.


https://doi.org/10.1038/nrdp.2015.2
https://doi.org/10.1016/j.semarthrit.2006.08.002
https://doi.org/10.1016/j.semarthrit.2006.08.002
https://doi.org/10.1007/s11926-014-0475-y
https://doi.org/10.1007/s11926-014-0475-y
https://doi.org/10.1136/gut.2005.086074

Curr Rheumatol Rep (2019) 21: 42

Page 70of 8 42

10.

11.

13.

14.

15.

16.

17.

18.

19.

Bassotti G, Battaglia E, Debernardi V, Germani U, Quiriconi F,
Dughera L, et al. Esophageal dysfunction in scleroderma: relation-
ship with disease subsets. Arthritis Rheum. 1997;40(12):2252-9.
https://doi.org/10.1002/1529-0131(199712)40:12<2252::AID-
ART21>3.0.CO;2-W.

Hurwitz AL, Duranceau A, Postlethwait RW. Esophageal dysfunc-
tion and Raynaud’s phenomenon in patients with scleroderma. Am
J Dig Dis. 1976;21(8):601-6.

Lock G, Pfeifer M, Straub RH, Zeuner M, Lang B, Scholmerich J,
et al. Association of esophageal dysfunction and pulmonary func-
tion impairment in systemic sclerosis. Am J Gastroenterol.
1998:93(3):341-5. https://doi.org/10.1111/j.1572-0241.1998.
00341.x.

Marie [, Dominique S, Levesque H, Ducrotte P, Denis P, Hellot MF,
et al. Esophageal involvement and pulmonary manifestations in
systemic sclerosis. Arthritis Rheum. 2001;45(4):346-54. https:/
doi.org/10.1002/1529-0131(200108)45:4<346::AID-ART347>3.
0.COs2-L.

Savarino E, Mei F, Parodi A, Ghio M, Furnari M, Gentile A, et al.
Gastrointestinal motility disorder assessment in systemic sclerosis.
Rheumatology (Oxford). 2013;52(6):1095-100. https://doi.org/10.
1093/rtheumatology/kes429.

Choi MY, Fritzler MJ. Progress in understanding the diagnostic and
pathogenic role of autoantibodies associated with systemic sclero-
sis. Curr Opin Rheumatol. 2016;28(6):586-94. https://doi.org/10.
1097/BOR.0000000000000325.

van Venrooij WJ, van Beers JJ, Pruijn GJ. Anti-CCP antibodies: the
past, the present and the future. Nat Rev Rheumatol. 2011;7(7):
391-8. https://doi.org/10.1038/nrrheum.2011.76.

Laustriat G, Ruyssen-Witrand A, Constantin A, Barnetche T,
Adoue D, Cantagrel A, et al. Anti-citrullinated peptides antibodies
in systemic sclerosis: meta-analysis of frequency and meaning.
Joint Bone Spine. 2018;85(2):147-53. https://doi.org/10.1016/].
jbspin.2017.11.006.

Bhalla M, Silver RM, Shepard JA, McLoud TC. Chest CT in pa-
tients with scleroderma: prevalence of asymptomatic esophageal
dilatation and mediastinal lymphadenopathy. AJR Am J
Roentgenol. 1993;161(2):269-72. https://doi.org/10.2214/ajr.161.
2.8333359.

Patiwetwitoon S, Wangkaew S, Euathrongchit J, Kasitanon N,
Louthrenoo W. High-resolution computed tomographic findings
in systemic sclerosis-associated interstitial lung disease: compari-
son between diffuse and limited systemic sclerosis. J Clin
Rheumatol. 2012;18(5):229-33. https://doi.org/10.1097/RHU.
0b013e318261176f.

Pitrez EH, Bredemeier M, Xavier RM, Capobianco KG, Restelli
VG, Vieira MV, et al. Oesophageal dysmotility in systemic sclero-
sis: comparison of HRCT and scintigraphy. Br J Radiol.
2006;79(945):719-24. https://doi.org/10.1259/bjr/17000205.
Vonk MC, van Die CE, Snoeren MM, Bhansing KJ, van Riel PL,
Fransen J, et al. Oesophageal dilatation on high-resolution comput-
ed tomography scan of the lungs as a sign of scleroderma. Ann
Rheum Dis. 2008;67(9):1317-21. https://doi.org/10.1136/ard.
2007.081612.

Christmann RB, Wells AU, Capelozzi VL, Silver RM.
Gastroesophageal reflux incites interstitial lung disease in systemic
sclerosis: clinical, radiologic, histopathologic, and treatment evi-
dence. Semin Arthritis Rheum. 2010;40(3):241-9. https://doi.org/
10.1016/j.semarthrit.2010.03.002.

Takekoshi D, Arami S, Sheppard TJ, Cole-Saffold P, Michel JC,
Kondos GT, et al. Computed tomography of the esophagus in
scleroderma and lung disease. Tohoku J Exp Med. 2015;237(4):
345-52. https://doi.org/10.1620/tjem.237.345 . This retrospective
study analysis of the esophageal diameter of 121 SSc patients
with ILD and 48 SSc without ILD along with 121 pulmonary
clinic patients and 110 normal subjects demonstrated that SSc

20.e

21.

22.¢

23.

24.

25.

26.

27.

28.

29.

30.

31.

3D .00

patients with ILD had greater diameters than those from SSc
patients without ILD or from pulmonary clinic patients.
Richardson C, Agrawal R, Lee J, Almagor O, Nelson R, Varga J,
et al. Esophageal dilatation and interstitial lung disease in systemic
sclerosis: a cross-sectional study. Semin Arthritis Rheum.
2016;46(1):109—-14. https://doi.org/10.1016/j.semarthrit.2016.02.
004. This cross-sectional study analyzed the esophageal diame-
ter of 270 SSc subjects. The study demonstrated an association
between an increasing diameter in SSc patients and more se-
vere radiographic ILD and lower PFT parameters.

Nagaraja V, McMahan ZH, Getzug T, Khanna D. Management of
gastrointestinal involvement in scleroderma. Curr Treatm Opt
Rheumatol. 2015;1(1):82-105. https://doi.org/10.1007/s40674-
014-0005-0.

Stern EK, Carlson DA, Falmagne S, Hoffmann AD, Carns M,
Pandolfino JE, et al. Abnormal esophageal acid exposure on
high-dose proton pump inhibitor therapy is common in systemic
sclerosis patients. Neurogastroenterol Motil. 2018;30(2):e13247.
https://doi.org/10.1111/nmo.13247. This study of pH-impedance
testing demonstrated that SSc patients had higher and longer
acid exposure time, longer median bolus clearance times, and
lower noctural impedance values than controls.

Charbel S, Khandwala F, Vaezi MF. The role of esophageal pH
monitoring in symptomatic patients on PPI therapy. Am J
Gastroenterol. 2005;100(2):283-9. https://doi.org/10.1111/j.1572-
0241.2005.41210.x.

Mousa HM, Rosen R, Woodley FW, Orsi M, Armas D, Faure C,
et al. Esophageal impedance monitoring for gastroesophageal re-
flux. J Pediatr Gastroenterol Nutr. 2011;52(2):129-39. https://doi.
0rg/10.1097/MPG.0b013e3181ffde67.

Farre R, Blondeau K, Clement D, Vicario M, Cardozo L, Vieth M,
et al. Evaluation of oesophageal mucosa integrity by the
intraluminal impedance technique. Gut. 2011;60(7):885-92.
https://doi.org/10.1136/gut.2010.233049.

Kessing BF, Bredenoord AJ, Weijenborg PW, Hemmink GJ, Loots
CM, Smout AJ. Esophageal acid exposure decreases intraluminal
baseline impedance levels. Am J Gastroenterol. 2011;106(12):
2093-7. https://doi.org/10.1038/ajg.2011.276.

Zentilin P, Savarino V, Marabotto E, Murdaca G, Sulli A, Pizzorni
C, et al. Esophageal baseline impedance levels allow the identifica-
tion of esophageal involvement in patients with systemic sclerosis.
Semin Arthritis Rheum. 2018;47(4):569—-74. https://doi.org/10.
1016/j.semarthrit.2017.08.004.

Nicodeme F, Hirano I, Chen J, Robinson K, Lin Z, Xiao Y, et al.
Esophageal distensibility as a measure of disease severity in pa-
tients with eosinophilic esophagitis. Clin Gastroenterol Hepatol.
2013;11(9):1101-7 el. https://doi.org/10.1016/j.cgh.2013.03.020.
Pandolfino JE, de Ruigh A, Nicodeme F, Xiao Y, Boris L, Kahrilas
PJ. Distensibility of the esophagogastric junction assessed with the
functional lumen imaging probe (FLIP) in achalasia patients.
Neurogastroenterol Motil. 2013;25(6):496-501. https://doi.org/10.
1111/nmo.12097.

Rohof WO, Hirsch DP, Kessing BF, Boeckxstaens GE. Efficacy of
treatment for patients with achalasia depends on the distensibility of
the esophagogastric junction. Gastroenterology. 2012;143(2):328—
35. https://doi.org/10.1053/j.gastro0.2012.04.048.

Fynne L, Liao D, Aksglaede K, Lottrup C, Gregersen H,
Bjerregaard NC, et al. Esophagogastric junction in systemic scle-
rosis: a study with the functional lumen imaging probe.
Neurogastroenterol Motil. 2017;29(8). https://doi.org/10.1111/
nmo.13073.

Kahrilas PJ, Bredenoord AJ, Fox M, Gyawali CP, Roman S, Smout
Al, et al. The Chicago classification of esophageal motility disor-
ders, v3.0. Neurogastroenterol Motil. 2015;27(2):160—74. https://
doi.org/10.1111/nmo.12477. The version 3.0 of the Chicago
classification was developed by the International High

@ Springer


https://doi.org/10.1002/1529-0131(199712)40:12<2252::AID-ART21>3.0.CO;2-W
https://doi.org/10.1002/1529-0131(199712)40:12<2252::AID-ART21>3.0.CO;2-W
https://doi.org/10.1111/j.1572-0241.1998.00341.x
https://doi.org/10.1111/j.1572-0241.1998.00341.x
https://doi.org/10.1002/1529-0131(200108)45:4<346::AID-ART347>3.0.CO;2-L
https://doi.org/10.1002/1529-0131(200108)45:4<346::AID-ART347>3.0.CO;2-L
https://doi.org/10.1002/1529-0131(200108)45:4<346::AID-ART347>3.0.CO;2-L
https://doi.org/10.1093/rheumatology/kes429
https://doi.org/10.1093/rheumatology/kes429
https://doi.org/10.1097/BOR.0000000000000325
https://doi.org/10.1097/BOR.0000000000000325
https://doi.org/10.1038/nrrheum.2011.76
https://doi.org/10.1016/j.jbspin.2017.11.006
https://doi.org/10.1016/j.jbspin.2017.11.006
https://doi.org/10.2214/ajr.161.2.8333359
https://doi.org/10.2214/ajr.161.2.8333359
https://doi.org/10.1097/RHU.0b013e318261176f
https://doi.org/10.1097/RHU.0b013e318261176f
https://doi.org/10.1259/bjr/17000205
https://doi.org/10.1136/ard.2007.081612
https://doi.org/10.1136/ard.2007.081612
https://doi.org/10.1016/j.semarthrit.2010.03.002
https://doi.org/10.1016/j.semarthrit.2010.03.002
https://doi.org/10.1620/tjem.237.345
https://doi.org/10.1016/j.semarthrit.2016.02.004
https://doi.org/10.1016/j.semarthrit.2016.02.004
https://doi.org/10.1007/s40674-014-0005-0
https://doi.org/10.1007/s40674-014-0005-0
https://doi.org/10.1111/nmo.13247
https://doi.org/10.1111/j.1572-0241.2005.41210.x
https://doi.org/10.1111/j.1572-0241.2005.41210.x
https://doi.org/10.1097/MPG.0b013e3181ffde67
https://doi.org/10.1097/MPG.0b013e3181ffde67
https://doi.org/10.1136/gut.2010.233049
https://doi.org/10.1038/ajg.2011.276
https://doi.org/10.1016/j.semarthrit.2017.08.004
https://doi.org/10.1016/j.semarthrit.2017.08.004
https://doi.org/10.1016/j.cgh.2013.03.020
https://doi.org/10.1111/nmo.12097
https://doi.org/10.1111/nmo.12097
https://doi.org/10.1053/j.gastro.2012.04.048
https://doi.org/10.1111/nmo.13073
https://doi.org/10.1111/nmo.13073
https://doi.org/10.1111/nmo.12477
https://doi.org/10.1111/nmo.12477

42

Page 8 of 8

Curr Rheumatol Rep (2019) 21: 42

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Resolution Manometry Group and is an updated analysis
scheme for clinical esophageal high resolution manometry
recordings.

Kimmel JN, Carlson DA, Hinchcliff M, Carns MA, Aren KA, Lee
J, et al. The association between systemic sclerosis disease mani-
festations and esophageal high-resolution manometry parameters.
Neurogastroenterol Motil. 2016;28(8):1157-65. https://doi.org/10.
1111/nmo.12813.

Aggarwal N, Lopez R, Gabbard S, Wadhwa N, Devaki P, Thota PN.
Spectrum of esophageal dysmotility in systemic sclerosis on high-
resolution esophageal manometry as defined by Chicago classifica-
tion. Dis Esophagus. 2017;30(12):1-6. https://doi.org/10.1093/
dote/dox067.

Vettori S, Tolone S, Capocotta D, Chieffo R, Giacco V, Valentini G,
et al. Esophageal high-resolution impedance manometry alterations
in asymptomatic patients with systemic sclerosis: prevalence, asso-
ciations with disease features, and prognostic value. Clin
Rheumatol. 2018;37(5):1239-47. https://doi.org/10.1007/s10067-
018-4026-1. This study investigated functional esophageal
alterations by high-resolution impedance manometry (HRiM)
in 45 SSc patients without esophageal symptoms and found that
up to 84% of asymptomatic SSc patients have HRiM
abnormalities.

Carlson DA, Crowell MD, Kimmel JN, Patel A, Gyawali CP,
Hinchcliff M, et al. Loss of peristaltic reserve, determined by mul-
tiple rapid swallows, is the most frequent esophageal motility ab-
normality in patients with systemic sclerosis. Clin Gastroenterol
Hepatol. 2016;14(10):1502—6. https://doi.org/10.1016/j.cgh.2016.
03.039. This retrospective analysis of esophageal peristalsis
following multiple rapid swallows in 111 SSc patients showed
that impaired peristaltic reserve is the most common
manometric finding in SSc patients compared with controls.
Crowell MD, Umar SB, Griffing WL, DiBaise JK, Lacy BE, Vela
MF. Esophageal motor abnormalities in patients with scleroderma:
heterogeneity, risk factors, and effects on quality of life. Clin
Gastroenterol Hepatol. 2017;15(2):207-13 el. https://doi.org/10.
1016/j.cgh.2016.08.034.

Shaker A, Stoikes N, Drapekin J, Kushnir V, Brunt LM, Gyawali
CP. Multiple rapid swallow responses during esophageal high-
resolution manometry reflect esophageal body peristaltic reserve.
Am J Gastroenterol. 2013;108(11):1706—12. https://doi.org/10.
1038/ajg.2013.289.

Stoikes N, Drapekin J, Kushnir V, Shaker A, Brunt LM, Gyawali
CP. The value of multiple rapid swallows during preoperative
esophageal manometry before laparoscopic antireflux surgery.
Surg Endosc. 2012;26(12):3401-7. https://doi.org/10.1007/
$00464-012-2350-0.

Gliddon AE, Dore CJ, Maddison PJ, Quins Trial Study G. Influence
of clinical features on the health status of patients with limited
cutaneous systemic sclerosis. Arthritis Rheum. 2006;55(3):473-9.
https://doi.org/10.1002/art.21999.

Nietert PJ, Mitchell HC, Bolster MB, Curran MY, Tilley BC, Silver
RM. Correlates of depression, including overall and gastrointestinal
functional status, among patients with systemic sclerosis. J
Rheumatol. 2005;32(1):51-7.

Abozaid HSM, Imam HMK, Abdelaziz MM, El-Hammady DH,
Fathi NA, Furst DE. High-resolution manometry compared with
the University of California, Los Angeles Scleroderma Clinical
Trials Consortium GIT 2.0 in systemic sclerosis. Semin Arthritis
Rheum. 2017:47(3):403-8. https://doi.org/10.1016/j.semarthrit.
2017.05.005.

Blonski W, Vela MF, Freeman J, Sharma N, Castell DO. The effect
of oral buspirone, pyridostigmine, and bethanechol on esophageal

@ Springer

function evaluated with combined multichannel esophageal
impedance-manometry in healthy volunteers. J Clin Gastroenterol.
2009;43(3):253-60. https://doi.org/10.1097/MCG.
0b013e318167b89d.

44. Di Stefano M, Papathanasopoulos A, Blondeau K, Vos R,
Boecxstaens V, Farre R, et al. Effect of buspirone, a 5S-HT1A re-
ceptor agonist, on esophageal motility in healthy volunteers. Dis
Esophagus. 2012;25(5):470-6. https://doi.org/10.1111/j.1442-
2050.2011.01275 x.

45.« Karamanolis GP, Panopoulos S, Denaxas K, Karlaftis A, Zorbala
A, Kamberoglou D, et al. The 5-HT1A receptor agonist buspirone
improves esophageal motor function and symptoms in systemic
sclerosis: a 4-week, open-label trial. Arthritis Res Ther. 2016;18:
195. https://doi.org/10.1186/s13075-016-1094-y. This study
observed that buspirone admnistration improved lower
esophageal sphincter resting pressure and esophageal
symptoms in most SSc patients with esophageal dysfunction.

46.» Taroni JN, Martyanov V, Huang CC, Mahoney JM, Hirano I,
Shetuni B, et al. Molecular characterization of systemic sclerosis
esophageal pathology identifies inflammatory and proliferative sig-
natures. Arthritis Res Ther. 2015;17:194. https://doi.org/10.1186/
s13075-015-0695-1. This is the first study to characterize the
molecular signature of esophageal biopsies from SSc patients.

47. Marangoni RG, Varga J, Tourtellotte WG. Animal models of sclero-
derma: recent progress. Curr Opin Rheumatol. 2016;28(6):561-70.
https://doi.org/10.1097/BOR.0000000000000331.

48. Yue X, Yu X, Petersen F, Riemekasten G. Recent advances in
mouse models for systemic sclerosis. Autoimmun Rev.
2018;17(12):1225-34. https://doi.org/10.1016/j.autrev.2018.06.
013.

49.e Takahashi T, Asano Y, Sugawara K, Yamashita T, Nakamura K,
Saigusa R, et al. Epithelial Flil deficiency drives systemic autoim-
munity and fibrosis: possible roles in scleroderma. J Exp Med.
2017;214(4):1129-51. https://doi.org/10.1084/jem.20160247.
This is the first SSc mouse model reporting an esophageal
phenotype.

50. Karam SM. Lineage commitment and maturation of epithelial cells
in the gut. Front Biosci. 1999;4:D286-98.

51. Wang Y, Fan PS, Kahaleh B. Association between enhanced type I
collagen expression and epigenetic repression of the FLII gene in
scleroderma fibroblasts. Arthritis Rheum. 2006;54(7):2271-9.
https://doi.org/10.1002/art.21948.

52.  Asano Y, Bujor AM, Trojanowska M. The impact of Flil deficiency
on the pathogenesis of systemic sclerosis. J Dermatol Sci.
2010;59(3):153-62. https://doi.org/10.1016/j.jdermsci.2010.06.
008.

53.  Aden N, Nuttall A, Shiwen X, de Winter P, Leask A, Black CM,
et al. Epithelial cells promote fibroblast activation via IL-1alpha in
systemic sclerosis. J Invest Dermatol. 2010;130(9):2191-200.
https://doi.org/10.1038/jid.2010.120.

54. Aden N, Shiwen X, Aden D, Black C, Nuttall A, Denton CP, et al.
Proteomic analysis of scleroderma lesional skin reveals activated
wound healing phenotype of epidermal cell layer. Rheumatology
(Oxford). 2008;47(12):1754—60. https://doi.org/10.1093/
rheumatology/ken370.

Publisher’'s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1111/nmo.12813
https://doi.org/10.1111/nmo.12813
https://doi.org/10.1093/dote/dox067
https://doi.org/10.1093/dote/dox067
https://doi.org/10.1007/s10067-018-4026-1
https://doi.org/10.1007/s10067-018-4026-1
https://doi.org/10.1016/j.cgh.2016.03.039
https://doi.org/10.1016/j.cgh.2016.03.039
https://doi.org/10.1016/j.cgh.2016.08.034
https://doi.org/10.1016/j.cgh.2016.08.034
https://doi.org/10.1038/ajg.2013.289
https://doi.org/10.1038/ajg.2013.289
https://doi.org/10.1007/s00464-012-2350-0
https://doi.org/10.1007/s00464-012-2350-0
https://doi.org/10.1002/art.21999
https://doi.org/10.1016/j.semarthrit.2017.05.005
https://doi.org/10.1016/j.semarthrit.2017.05.005
https://doi.org/10.1097/MCG.0b013e318167b89d
https://doi.org/10.1097/MCG.0b013e318167b89d
https://doi.org/10.1111/j.1442-2050.2011.01275.x
https://doi.org/10.1111/j.1442-2050.2011.01275.x
https://doi.org/10.1186/s13075-016-1094-y
https://doi.org/10.1186/s13075-015-0695-1
https://doi.org/10.1186/s13075-015-0695-1
https://doi.org/10.1097/BOR.0000000000000331
https://doi.org/10.1016/j.autrev.2018.06.013
https://doi.org/10.1016/j.autrev.2018.06.013
https://doi.org/10.1084/jem.20160247
https://doi.org/10.1002/art.21948
https://doi.org/10.1016/j.jdermsci.2010.06.008
https://doi.org/10.1016/j.jdermsci.2010.06.008
https://doi.org/10.1038/jid.2010.120
https://doi.org/10.1093/rheumatology/ken370
https://doi.org/10.1093/rheumatology/ken370

	GI Manifestations With a Focus on the Esophagus: Recent Progress in Understanding Pathogenesis
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Autoantibodies
	Computed Tomography
	Esophageal pH-Impedance
	Functional Luminal Imaging Probe
	Esophageal Manometry
	Health-Related Quality of Life Studies
	New Treatment
	Molecular Stratification in Patients With Scleroderma Esophageal Disease
	Mouse Models of Scleroderma Esophageal Disease
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



