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Abstract

Nearly all patients with systemic sclerosis (SSc) are negatively 
affected by dysfunction in the gastrointestinal tract, and the severity 
of gastrointestinal disease in SSc correlates with high mortality. 
The clinical complications of this dysfunction are heterogeneous 
and include gastro-oesophageal reflux disease, gastroparesis, small 
intestinal bacterial overgrowth, intestinal pseudo-obstruction, 
malabsorption and the requirement for total parenteral nutrition. 
The abnormal gastrointestinal physiology that promotes the clinical 
manifestations of SSc gastrointestinal disease throughout the 
gastro intestinal tract are diverse and present a range of therapeutic 
targets. Furthermore, the armamentarium of medications and non-
pharmacological interventions that can benefit affected patients has 
substantially expanded in the past 10 years, and research is increasingly 
focused in this area. Here, we review the details of the gastrointestinal 
complications in SSc, tie physiological abnormalities to clinical 
manifestations, detail the roles of standard and novel therapies and  
lay a foundation for future investigative work.

Sections

Introduction

Overview of normal 
gastrointestinal physiology

Gastrointestinal pathogenesis 
and pathology in systemic 
sclerosis

Gastrointestinal 
manifestations in systemic 
sclerosis

Management of 
gastrointestinal dysfunction 
and dysmotility in systemic 
sclerosis

Conclusions

1Division of Rheumatology, Johns Hopkins University, Baltimore, MD, USA. 2Division of Gastroenterology, Beth 
Israel Deaconess Medical Center, Harvard Medical School, Boston, MA, USA. 3Division of Gastroenterology, 
University of Michigan, Ann Arbor, MI, USA. 4Division of Gastroenterology, Massachusetts General Hospital, 
Boston, MA, USA. 5Center for Microbiome Informatics and Therapeutics, Massachusetts Institute of Technology, 
Cambridge, MA, USA. 6Broad Institute of MIT and Harvard, Cambridge, MA, USA. 7Division of Gastroenterology, 
Johns Hopkins University, Baltimore, MD, USA. 8Department of Medicine, Mayo Clinic, Scottsdale, AZ, USA. 
9Division of Rheumatology, University of Michigan, Ann Arbor, MI, USA. 10University of Michigan Scleroderma 
Program, Ann Arbor, MI, USA.  e-mail: khannad@med.umich.edu

https://doi.org/10.1038/s41584-022-00900-6
http://crossmark.crossref.org/dialog/?doi=10.1038/s41584-022-00900-6&domain=pdf
http://orcid.org/0000-0003-1412-4453
http://orcid.org/0000-0001-9425-3209
http://orcid.org/0000-0002-5630-5167
mailto:khannad@med.umich.edu


Nature Reviews Rheumatology

Review article

subtypes (Table 1). This highly complex collaborative neuronal network 
regulates core gastrointestinal functions, including gastrointestinal 
sensory function, motility, immunomodulation and secretion. The 
neurons that innervate the gut and cooperate to regulate essential gut 
functions in an involuntary manner belong to the autonomic nervous 
system (ANS). Not all of these neurons are part of the peripheral nerv-
ous system; neurons of the vagus nerve (also known as cranial nerve X) 
and spinal neurons, which provide direct spinal innervation to the 
hindgut, are part of the central nervous system (CNS).

The neurons of the enteric nervous system (ENS), which is the 
largest subdivision of the ANS, reside within the gut wall, where they 
are organized into two networks (plexuses) of interconnected ganglia 
that run in parallel along almost the entire length of the gut12. The larger 
of these two plexuses, which is called the myenteric plexus, consists of 
diverse neuronal subpopulations that regulate gut motility and immu-
nity23–26, and the smaller submucosal plexus regulates the secretory 
and absorptive functions of the gut27,28. The neurons of the ENS com-
prise diverse populations of sensory neurons (called intrinsic primary 
afferent neurons), motor neurons and secreto-motor neurons. These 
neurons innervate diverse cell types in the gut, including smooth muscle 
cells, fibroblasts and interstitial cells of Cajal, and communicate with 
various immune cell populations (for example, intestinal macrophages), 
the vasculature and the cells of the intestinal epithelium29. In turn, many 
of these non-neuronal gastrointestinal cells, along with the ENS neurons, 
are innervated by other gut-innervating extrinsic ANS neurons (Table 1), 
which are located in various locations outside of the gut wall30.

The topic of how the gastrointestinal tract is innervated by diverse 
neuronal circuits, whose cell bodies reside in the gut wall (and hence are 
enteric neurons) or external to the gut (extrinsic neurons), is covered 
by many contemporary reviews. We direct the reader to these excellent 
reviews, which describe how the innervation of the gastrointestinal 
tract by enteric and extrinsic neurons develops31, and which detail 
the innervation of the gut by autonomic neurons32 and specifically 
by vagal neurons33 and sympathetic neurons34. Other reviews also 
detail the regulation of important gastrointestinal functions, such as 
mechanosensation35, intestinal motility36, intestinal immunity37 and 
epithelial functions38, by gut-innervating neurons. We also direct the 
reader to reviews that summarize the current knowledge of how these 
neuronal circuits are affected by or implicated in various disease con-
ditions, ranging from intestinal dysmotility disorders to cancers39–41. 
In the next few paragraphs, however, we succinctly describe some of 
the main neuronal populations that are of importance to developing 
a general understanding of gut innervation.

In addition to the intrinsic primary afferent neurons, the gut also 
receives sensory innervation from the vagal sensory neurons (located 
in the bilateral nodose ganglia, which are housed in the jugular foramen 
where the vagus nerve exits the skull) and from sensory nociceptive 
neurons (located in the bilateral dorsal root ganglia, which run parallel 
to the spinal cord along its length). New data have expanded on the neu-
rochemical and functional diversity of the sensory vagal neurons, which 
underscore how interoception of normal and abnormal gut functions is 
carried out by the vagal afferent neurons42. By contrast, the dorsal root 
ganglia neurons perform essential nociceptive functions43. In addition to 
these functions, recent studies have also shown that spinal nociceptive  
neurons have essential immunomodulatory roles in the gut wall44,45.

Similarly, both the ENS and extrinsic neurons work collaboratively 
to regulate intestinal motor functions. Like the sensory neurons of 
the ENS, the motor neurons of the ENS are housed within the gut wall. 
They include inhibitory nitrergic neurons that release nitric oxide and 

Key points

 • Gastrointestinal disease in systemic sclerosis (SSc) is complex in its 
clinical presentation, physiology and mechanisms.

 • Data suggest that the neuromuscular pathways that control 
gastrointestinal motility are dysfunctional in SSc and are a target of the 
autoimmune response in some patients.

 • Identifying the part or parts of the gut affected and the type of 
gastrointestinal abnormality that is present can help to guide therapy.

 • The microbiome is probably an important contributor to gastro-
intestinal symptoms in SSc, although the extent of its involvement and 
the role of dysbiosis in diagnosis and guiding therapy are unclear.

 • Research is underway to better understand the mechanisms of 
gastrointestinal disease in SSc, and to optimize the approach to 
management.

Introduction
Gastrointestinal dysmotility is the most frequent internal complication 
of systemic sclerosis (SSc) and it has a major influence on morbidity 
and mortality1,2. SSc gastrointestinal dysmotility encompasses a hetero-
geneous disease spectrum, as function in various parts of the gut can 
be negatively affected, including the oesophagus, stomach, small and 
large bowels, and anorectum (Fig. 1). As a result, patients can experience 
a wide range of symptoms, including severe gastro-oesophageal reflux 
disease (GERD), dysphagia, vomiting, diarrhoea, pseudo-obstruction, 
small intestinal bacterial overgrowth (SIBO), severe constipation and/or  
faecal incontinence3,4. Heterogeneity is present not only in the parts of 
the gut that are affected and in clinical symptoms but also in kinetics 
and outcomes, and therefore challenges exist in both clinical prac-
tice and research5–7. As distinct physiological abnormalities often 
underlie similar clinical presentations of SSc gastrointestinal disease,  
understanding the physiology behind the clinical presentation is 
important for optimizing clinical management7–9.

In the past decade, progress has been made in our understanding 
of the pathophysiology of gastrointestinal dysmotility7,10–13, the risk 
factors associated with gastrointestinal dysmotility in SSc14–16 and the 
tools available for evaluation and diagnosis4,17. Furthermore, numerous 
clinical trials related to the treatment of gastrointestinal manifestations 
in SSc and trials relevant to SSc have been completed or are ongoing18–20. 
Here, we provide a novel Review for rheumatologists that integrates 
updates in gastrointestinal physiology and our current understanding 
of SSc gastrointestinal disease as it pertains to motility, key diagnostic 
strategies and a novel approach to treating SSc gastrointestinal disease, 
including a discussion on the roles of both new and classic agents 
in management. The management of gastrointestinal complications in 
SSc that are not clearly associated with dysmotility are outside of the 
scope of this article and have been reviewed elsewhere21,22.

Overview of normal gastrointestinal physiology
Neuronal regulation of function
The gastrointestinal tract is innervated by diverse neurons that can 
be classified on the basis of their developmental lineages, their loca-
tion, the region of the gut they innervate and their neurotransmitter 
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excitatory cholinergic neurons that release acetylcholine. By contrast, 
the extrinsic motor neurons innervate the gut through the motor vagal 
fibres (the neurons of which are located in the dorsal motor nucleus of 
the vagus in the brainstem) and through the motor nerve fibres of the 
sacral nerve (the neurons of which are located within the distal spinal 
cord)46,47. The motor or efferent innervation from the vagus is essen-
tial for the generation of normal motility of the upper oesophagus in 
humans, which consists of striated muscles46. By contrast, motility of 
the rest of the gut musculature (that is, smooth muscle), from the lower 
oesophagus to the distal colon, is coordinated by a variable balance 
between the vagal efferent nerve fibres and the intrinsic motor neurons 
of the ENS47. The distal colon receives negligible efferent innervation 
from the motor vagus; here, the motor neurons of the sacral nerve 
help to regulate intestinal motility in concert with the intrinsic ENS47.

Sympathetic innervation of the gut is provided by post-ganglionic 
neurons that are located in the prevertebral ganglia, the major com-
ponents of which are the coeliac ganglia, the superior and inferior 
mesenteric ganglia and the pelvic ganglia. These post-ganglionic neu-
rons, which receive direct innervation from pre-ganglionic neurons 
of the intermediolateral nucleus (located in the intermediate zone 
between the dorsal and the ventral horns in the spinal cord), provide 
sympathetic input to the gastrointestinal tract. They regulate secre-
tion, absorption and motility of the gastrointestinal tract by synapsing 
with ENS neurons to suppress the release of excitatory neurotransmit-
ters from motor neurons, and the release of inhibitory neurotrans-
mitters from secreto-motor neurons of the ENS. These neurons not 
only provide but also receive input from ENS neurons. Sympathetic 
innervation of the gut has also been found to have a pivotal role in the 
maintenance of normal intestinal immunity48,49.

The role of microbiota in the healthy gut
An essential symbiosis exists between the gut microbiome and the 
human host, with microbiota producing crucial vitamins and nutrients, 
conditioning the immune system and defending against pathogenic col-
onization. Microbes and their metabolites mediate host–microbiome 
circuits, shaping both intestinal and systemic immune responses and 
modulating critical immune functions in health and disease. Commensal 
antigens inform B and T cell repertoires that influence immune tolerance 
and response. Microbial metabolic pathways, including palmitoleic acid 
metabolism and tryptophan degradation, shape cytokine profiles in  
immune cells50. Signals provided by gut microbes induce the expan-
sion of immune cell populations for orchestrated responses to infec-
tion or injury. A survey of the microbiomes of centenarians published  
in 2021 revealed an enrichment in microbes that produce unique bile 
acid metabolites — particularly anti-inflammatory and antimicrobial 
isoforms of lithocholic acid — suggesting that the functions of the micro-
biome support healthy ageing51. At the same time, dysregulation of the 
microbiome and its metabolome correlates with a broad range of human 
diseases, rendering the microbiome a source of disease-triggering and 
disease-sustaining molecules. Moreover, the influence of the micro-
biome extends beyond the intestine: the microbiota–gut–brain axis 
mediates communication between the gastrointestinal tract and CNS 
via metabolic, immune and neuronal pathways.

Gastrointestinal pathogenesis and pathology 
in systemic sclerosis
Neural dysfunction, muscle pathology and fibrosis
As the components of the ANS work synchronously to coordinate 
normal gastrointestinal motility, dysfunction of these controls could 

Small intestinal dysmotility
• Slow transit
• Pseudo-obstruction
• SIBO

Colonic dysmotility
• Slow transit
• Pseudo-obstruction

Anorectal dysmotility
• Hypotensive anal sphincter
• Anorectal dyssynergia?
• Rectal hyposensitivity?

Gastric dysmotility
• Antral hypomotility
• Gastric dysrhythmia
• Delayed emptying
• Impaired accommodation?

Oesophageal dysmotility 
• IEM
• Aperistalsis
• Hypotensive LES

Fig. 1 | Involvement of gastrointestinal motility in systemic sclerosis. Patients 
with systemic sclerosis (SSc) can experience a variety of complications of 
gastrointestinal dysmotility from the oesophagus to the anorectum. Identifying 
the areas of dysfunction can help to guide therapeutic decision making. IEM, 
ineffective oesophageal motility; LES, lower oesophageal sphincter; SIBO, small 
intestinal bacterial overgrowth.
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easily result in abnormal gastrointestinal transit. Although the patho-
genesis of SSc gastrointestinal dysmotility remains largely unknown, 
it was originally proposed by Sjögren to be a process involving three 
steps: neural dysfunction alone, where prokinetics (that is, medica-
tions that enhance gastrointestinal motility) may be more effective; 
smooth muscle atrophy, for which these medications are often less 
effective; and fibrosis, for which they are thought to be ineffective52. 
However, not all data support this hypothesis53,54. Data in SSc do dem-
onstrate that an autoimmune response targets ENS neurons55, and 
that functional autoantibodies have an important role in SSc gas-
trointestinal dysmotility in a subset of patients56,57. Autoantibodies 
to muscarinic-3 receptors (M3Rs), expressed by the ENS and gastro-
intestinal smooth muscle, cause SSc gastrointestinal dysmotility by 
disrupting neuromuscular communication56,57. However, as these 
antibodies are identified in only a small subset of patients with SSc 
with rapidly progressive gastrointestinal disease7, the mechanisms 
by which SSc gastrointestinal dysmotility occurs in patients with-
out anti-M3R autoantibodies is unknown. Data in SSc also demon-
strate evidence of autonomic dysfunction (that is, dysfunction of 
the ANS), and gastrointestinal severity has been correlated with auto-
nomic symptom burden9,58, although a clear causal link has not been  
demonstrated.

Autopsy studies of patients with SSc suggest that a primary neural 
or smooth-muscle insult drives gastrointestinal dysfunction, rather 
than significant fibrosis, as smooth muscle atrophy is the most promi-
nent finding on pathology in these studies53,54 (Fig. 2). Furthermore, 
areas of atrophy in the oesophagus were not associated with vascular 
abnormalities, inflammatory infiltrates or necrosis53. Minimal fibro-
sis was observed. Some studies, however, do report mild perineural 
fibrosis or cuffing in SSc gastrointestinal tissue52. Interestingly, loss of 
the interstitial cells of Cajal was noted on oesophageal pathology in a 
subset of patients with well-preserved oesophageal autopsy tissue53. 
Findings in the anorectum of patients with SSc also suggest a primary 
neural or smooth muscle lesion, where histopathology reveals axonal 
and smooth muscle cell degeneration59,60. However, it is important 
to state that our understanding of the histopathology of various gas-
trointestinal tissues in patients with SSc is limited, as no systematic 
histopathology that can detail longitudinal changes across multiple 
tissue types in patients with SSc has been performed. As a result, the 
true nature of progressive changes in various organs and tissues of  

the gastrointestinal tract that correlate with progressive loss of func-
tion in patients is not known. These challenges present opportunities 
to better understand the aetiology and progressive pathophysiol-
ogy of SSc gut disease for both diagnosis and stratification of patient 
populations, as well as to search for novel drug targets for which novel 
therapeutic regimens can be evolved.

Stool microbiota in SSc
Given the central role of the immune system in SSc, the gut microbi-
ome was examined as a potential contributor to SSc pathophysiology. 
Metagenomic profiles of stool microbiomes from 90 patients with SSc 
were compared with profiles from 58 patients with immunoglobulin 
G4-related disease (IgG4-RD), another fibrosis-prone autoimmune 
disorder, and 165 healthy individuals61. Both SSc and IgG4-RD are 
associated with polymorphisms in the HLA locus and characterized 
by an unusual subset of CD4+ T cells, suggesting that these diseases 
could stem from dysfunctional immune recognition of microbial sig-
nals. Shared taxonomic shifts were observed in SSc and IgG4-RD stool 
microbiomes relative to those of healthy individuals, and functional 
capabilities of the microbiome were also altered in disease. The classic 
mevalonate pathway, which produces important regulators of T cell 
function, was found to be overabundant. Ethanolamine utilization 
was also overabundant, which is interesting because it can confer a 
growth advantage to microbes capable of metabolizing ethanola-
mine, including several species that are enriched in SSc and IgG4-RD. 
Microbial functions related to fibrosis and extracellular matrix binding 
were also overabundant in both diseases. Increases were detected in 
the expression of genes encoding a fibronectin-binding protein and 
enzymes potentially capable of degrading extracellular matrix as a  
nutrient source.

The SSc-associated microbial signature might influence the dif-
ferentiation of adaptive immune cells, such as CD4+ T cells, or alter 
the pro-fibrogenic activity of tissue macrophages and fibroblasts. 
T cell cross-reactivity between microbial antigens and self-peptides 
presented by MHC class II molecules, which are encoded by HLA 
genes, might also induce inappropriate immune activity. Congru-
encies in microbiome composition between SSc and IgG4-RD sug-
gest that modulation of innate and adaptive immunity by similar 
microbes could contribute to shared pathological features, including  
fibrosis.

Table 1 | Neural cell types, function and location in the gastrointestinal tract

Neurons Location of neuronal structure Function Regions of gastrointestinal tract innervated

Enteric nervous system Located within the gut wall (the only 
neuronal structure to be so located) in 
two parallel plexuses — myenteric and 
submucosal12

Sensory, motor, secreto-motor and 
immunomodulatory functions23,24,192,193

Entire gastrointestinal tract and all layers of the 
gut wall12

Sensory (afferent) vagus Nodose ganglia194 Sensory neurons that relay information 
from gut to brain33,195,196

Preferentially foregut, but innervates almost 
the entire length of the gut197–200

Motor (efferent) vagus Dorsal motor nucleus of the vagus in the 
brainstem46,201

Motor control of specific 
gastrointestinal structures46

Preferentially foregut, but innervates almost 
the entire length of the gut46

Spinal (afferent) 
nociceptors

Dorsal root ganglia202 Sensory202 and immunomodulatory44 
functions

Entire gastrointestinal tract, and all layers of 
the gut wall203

Post-synaptic sympathetic 
neurons

Sympathetic prevertebral ganglia204,205 Sympathetic regulation of gut 
function205

Entire gastrointestinal tract, and all layers of 
the gut wall205

Sacral nerve (direct spinal 
innervation)

Spinal cord206 Motor control206 Distal colon and rectum206
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Fig. 2 | The small intestine in health and in systemic sclerosis. Compared 
with healthy small intestine, the small intestine in systemic sclerosis (SSc) 
may demonstrate a combination of atrophy of the circular and longitudinal 
muscle layers, loss of myenteric neurons and ganglia, mild fibrosis and an 

atrophy or constriction of the endothelial vasculature. These pathological 
changes are associated with significant gastrointestinal dysmotility. ICC, 
interstitial cell of Cajal.
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Gastrointestinal manifestations in systemic 
sclerosis
A summary of the clinical manifestations of SSc in the gastrointestinal 
tract from the mouth to the anus can be found in Table 2 (see also Box 1). 
Here, we discuss the manifestations in various anatomical regions of 
the gastrointestinal tract.

The mouth in SSc
A decrease in oral aperture, or microstomia, can be seen in 50–80% of 
patients with SSc, affecting speech and mastication62–67. Up to 30–40% 
of patients with SSc develop dry mouth, or xerostomia, which can lead 
to increased incidence of dental caries, altered taste, burning mouth 
syndrome, candidiasis and periodontal disease66,68,69. Additionally, 

Table 2 | Gastrointestinal manifestations in patients with systemic sclerosis

Gastro
intestinal 
region 
affected

Percentage 
of patients 
with SSc 
affected

Commonly reported 
abnormalities and proposed 
mechanisms

Associated diagnoses Clinical symptoms Diagnostic tests Refs.

Oropharynx 25–80 Perioral skin thickening and/or 
fibrosis
Sublingual frenulum thickening
Periodontal ligament widening
Thickening of the pharyngeal 
muscle
Fibrosis of the tongue base

Microstomia
Xerostomia
Periodontal disease
Trigeminal neuralgia

Oropharyngeal dysphagia
Dry mouth
Altered taste
Poor dental hygiene
Poor-fitting dental 
prosthesis
Tooth loss
Jaw and facial pain

Modified barium 
swallow

67,71, 

68,69

Oesophagus >90 Neuropathy
Smooth muscle atrophy and/or 
fibrosis
Collagen deposition

Ineffective oesophageal motility
Absent contractility
Oesophagitis
GERD and GERD-related 
complications
Abnormal lower oesophageal 
sphincter pressure 

Dysphagia and/or 
odynophagia
Regurgitation
Heartburn
Cough, pharyngitis, 
hoarseness
Weight loss

Upper endoscopy
Barium oesophagram
High-resolution 
oesophageal 
manometry
Ambulatory reflux 
monitoring

86,87,82, 

83,78,79

Stomach 6–55 Neuropathy
Vasculopathy

Pylorospasm
Gastroparesis
GAVE

Early satiety
Nausea and vomiting
Epigastric discomfort
Bloating
Weight loss
Upper gastrointestinal 
bleeding

Upper endoscopy
Gastric emptying study
Whole-gut scintigraphy
Wireless motility capsule
Antroduodenal 
manometry

84,103, 

104

Small bowel 18–88 Abnormal or absent phase III MMC
Small bowel dilation
Collagen deposition surrounding 
the Brunner’s glands
An increase in submucosal and 
serosal collagen and elastin
Marked atrophy of the smooth 
muscle layers

CIPO
Hypomotility
PCI
SIBO
Malnutrition

Nausea, vomiting
Bloating
Abdominal distension 
and/or pain
Obstructive symptoms
Diarrhoea
Weight loss

Abdominal radiography
CT
MRI
Hydrogen or methane 
breath test
Antroduodenal 
manometry

112,113, 

114,105

Colon 10–50 Smooth muscle atrophy > fibrosis
External muscle layers with reduced 
number of smooth muscle cells and 
junctions between smooth muscle 
cells
Perineuronal collagen cuffing
Neuronal degeneration (in the 
absence of collagen cuffing)
Perivascular fibrosis

Chronic constipation
Faecal impaction
Colonic diverticulosis
Pseudo-obstruction

Abdominal distension
Abdominal pain
Diarrhoea
Constipation

CT
Colonoscopy

119

Anorectum 40–70 Neuropathy with or without 
myopathy
Vasculopathy
Tissue atrophy
Reduced rectal compliance  
and/or capacity
Impaired rectoanal inhibitory reflex

Internal anal sphincter 
dysfunction and faecal 
incontinence

Constipation
Incontinence
Tenesmus
Painful defaecation

MRI
Anorectal manometry

52

CIPO, chronic intestinal pseudo-obstruction; GAVE, gastric antral vascular ectasia; GERD, gastro-oesophageal reflux disease; MMC, migrating motor complex; PCI, pneumatosis cystoides 
intestinalis; SIBO, small intestinal bacterial overgrowth; SSc, systemic sclerosis.
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thickening of the sublingual frenulum and widening of the periodontal 
ligament leads to tooth loosening and loss70. Some patients with SSc 
develop mandibular resorption, predisposing them to pathological 
fracture and osteomyelitis; trigeminal neuralgia and/or neuropathy 
can also occur71. These structural and neuromuscular disorders of 
SSc lead to oropharyngeal dysphagia in up to 25% of patients with SSc, 
which can be assessed by a modified barium swallow study (see Box 1). 
The negative impact of oral health on the quality of life of patients with 
SSc has been demonstrated72,73.

The oesophagus in SSc
The oesophagus is the most commonly involved region of the gut74, and 
its function is negatively impacted in 50–90% of patients with SSc75–79. 
Importantly, the oesophagus has an upper third that is composed of 
striated muscle and a lower two-thirds that is lined by smooth muscle, 
and it is the smooth muscle portion of the oesophagus that is affected by 
SSc. Peristalsis in this region is primarily coordinated by the CNS, with 
pre-enteric neurons from the dorsal motor nucleus of the vagus directly 
innervating the enteric ganglia. A lesion in this nucleus impairs motil-
ity patterns in the lower two-thirds of the oesophagus10. Furthermore, 
through a descending inhibitory reflex that is triggered by increased 
intraluminal pressure from a food bolus, the vagus nerve is also involved 
in relaxing the lower oesophageal sphincter (LES), to enable the pas-
sage of food. Vagovagal reflex pathways are also critical in mediating 
the reflex constriction of the LES during gastric mixing contractions 
to limit reflux of gastric contents into the oesophageal body. Failure of 
this reflex can result in reflux oesophagitis and oesophageal mucosal 
damage, both of which are seen in SSc10.

Findings on manometry and associated risk factors. Although 
oesophageal motor dysfunction in SSc is characteristically seen as 
decreased or absent peristalsis in the lower two-thirds of the oesopha-
gus, with reduced LES tone on oesophageal manometry, other dysmo-
tility patterns also exist (Fig. 2). According to the Chicago Classification 
of oesophageal motility disorders based on high-resolution oesopha-
geal manometry80,81, patterns of oesophageal dysmotility include 
ineffective (‘weak’) and absent peristalsis, both of which can be seen 
in SSc in the context of reduced LES pressure. In a study of 122 patients 
with SSc using high-resolution oesophageal manometry, ineffective 
oesophageal motility was observed in 18% of patients, aperistalsis in 
60% of patients and a low median basal LES pressure of 17.1 mmHg, with 
the basal LES being lowest in patients with aperistalsis82. Another study 
examined high-resolution manometry data collected from 51 patients 
with SSc and reported that oesophageal body dysmotility was present 
in 67% of the patients and a hypotensive LES was identified in 55% of the 
patients83. Furthermore, delayed oesophageal transit identified using 
scintigraphy was reported in 59% of 97 patients with SSc84 and 11 of  
14 patients with progressive SSc (79%)85. An update of the Chicago Clas-
sification in 2021 has created a more stringent diagnosis of ineffective 
oesophageal motility81. Studies on oesophageal motility in SSc patients 
using the updated criteria are needed.

Although patients with aperistalsis are reported to be younger 
and to have more severe reflux82, the severity of oesophageal dysmo-
tility is not consistently associated with the presence and severity of 
gastro-oesophageal symptoms74. For example, among 45 asympto-
matic patients with SSc, the prevalence of weak peristalsis, aperistalsis 
and hypotensive LES was 38%, 27% and 68%, respectively86. Accordingly, 
the assessment of oesophageal motility in asymptomatic patients with 
SSc should be studied further to determine whether early intervention 

with prokinetic agents can prevent gastro-oesophageal symptoms 
and/or lung fibrosis.

Physiologically, the LES serves as a barrier to prevent gastric con-
tents from entering the oesophagus, and hypotensive LES is associated 
with gastro-oesophageal reflux. Oesophageal peristalsis is respon-
sible for swallows and the clearance of any gastric contents in the 
oesophagus. Therefore, ineffective or absent peristalsis could lead to 
dysphagia during swallowing and prolong the acid exposure time of 
the oesophageal mucosa during gastro-oesophageal reflux, resulting 
in oesophageal mucosal damage.

Clinical manifestations of oesophageal and LES dysfunction in 
SSc. GERD and its complications are frequently seen in patients with 
SSc owing to several pathological mechanisms, including decreased 
oesophageal clearance, low LES tone, decreased saliva production and 

Box 1

Measuring outcomes in 
clinical care
Two validated comprehensive patient-reported outcome measures 
have been developed to capture the symptoms and severity of 
gastrointestinal involvement in patients with systemic sclerosis (SSc).

UCLA Scleroderma Clinical Trials Consortium 
Gastrointestinal Tract Instrument 2.0 (UCLA GIT 2.0)231

 • Includes 34 items that capture seven scales in SSc.
 • Assesses reflux, distention and/or bloating, diarrhoea, 
constipation and faecal soilage, and the effect of these 
symptoms on social and emotional well-being.

 • The patient-reported outcome is utilized by the authors as part 
of clinical care and can facilitate the addition or uptitration of 
medications and/or further diagnostic work-up.

 • The total UCLA GIT 2.0 score is the average of six of the seven 
scales (excluding constipation), and is scored from 0.0 (better 
health-related quality of life) to 2.8 (worse health-related quality 
of life).

 • The instrument is sensitive to change and has been translated 
into different languages.

 • The instrument is available online at http://bit.ly/UCLASCTCGIT.

NIH PatientReported Outcomes Measurement Information 
System Gastrointestinal Symptom Scales (PROMISGI)232

 • Includes eight gastrointestinal symptom scales that can be used 
for clinical care and research.

 • These scales assess gastroesophageal reflux, disrupted 
swallowing, diarrhoea, bowel incontinence/soilage, nausea and 
vomiting, constipation, belly pain, and gas/bloat/flatulence,  
and have been validated in SSc.

 • There are a total of 60 items and each scale is independently 
validated.

 • The instrument is sensitive to change.
 • The instrument is available online at HealthMeasures.

http://bit.ly/UCLASCTCGIT
https://www.healthmeasures.net/
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delayed gastric emptying87. GERD is associated with a higher prevalence 
and rapid progression of interstitial lung disease, possibly owing to 
the micro-aspiration of gastric contents88,89. Patients can complain of 
cough in the morning or after lying down, which might or might not 
reflect this process. Complications of GERD are prevalent in patients 
with SSc and include reflux oesophagitis, peptic stricture, Barrett 
oesophagus and an increased risk of oesophageal adenocarcinoma90–92. 
Patients with SSc-related oesophageal dysmotility can experience vari-
able symptoms such as dysphagia, regurgitation, nocturnal wheezing, 
asthma and chest pain.

The stomach in SSc
Electrophysiology and associated risk factors. The stomach serves 
as a reservoir to accommodate ingested food and as a pump to empty 
the ingested food into the small intestine in a timely manner93. Gastric 
accommodation is accomplished by the vagally mediated relaxation of 
the fundus to accommodate an incoming food bolus, whereas gastric 
emptying is achieved by the coordinated contraction of the stomach 
(peristalsis). The frequency and propagation of gastric contractions 
are controlled by the gastric pace-maker, which generates omnipres-
ent slow waves (three waves per minute) propagating distally with 
increased amplitude and velocity94.

The prevalence of delayed gastric emptying ranges from 30% to 
55% in patients with SSc84,95–97. In a 2022 study, whole-gut scintigraphy 
demonstrated that 34 of 62 (55%) patients with SSc had delayed gas-
tric emptying84. Data suggest that a combination gastric emptying 
study, which includes the ingestion of both liquids and solids, might 
be more sensitive and provide a more clinically relevant measure of 
gastroparesis in SSc than a study of solid gastric emptying alone84. The 
data from this study also showed that patients with SSc with gastropa-
resis frequently have dysmotility in other areas of the gastrointestinal 
tract.

Using the [13C]octanoic acid breath test reveals a comparable 
prevalence of delayed gastric emptying in 32–47% patients with SSc. 
One study demonstrated that patients with diffuse SSc exhibited 
slower gastric emptying than patients with limited SSc98, although 
this association was not identified in other studies using scintigraphy84. 
Delayed gastric emptying assessed by the [13C]octanoic acid breath test 
was reported to correlate with a global symptom score of digestive 
symptoms in a study of 57 patients with SSc97.

Gastric dysrhythmia, reflecting irregular gastric pace-making 
activity, is also common in patients with SSc. Electrogastrography 
via abdominal surface electrodes is a non-invasive and reliable meas-
urement of myoelectrical activity, including gastric slow waves94,99. 
A significant decrease in the percentage of normal slow waves and a 
decrease in slow wave coupling among different channels of the elec-
trogastrography was observed in both fasting and postprandial states 
in patients with SSc100. Furthermore, there were significant correlations 
between percentages of gastric dysrhythmias and a number of major 
gastrointestinal symptoms such as nausea, abdominal bloating and 
pain in SSc patients. Interestingly, the plasma level of vasoactive intes-
tinal peptide (a neuropeptide that regulates smooth muscle activity, 
blood flow and epithelial cell secretion in the gastrointestinal tract) 
correlated positively with the percentage of dysrhythmia. Further-
more, the plasma level of motilin (a gastrointestinal hormone that 
regulates interdigestive contractions) correlated positively with slow 
wave coupling101.

Hypomotility in the antral area of the stomach and impaired gas-
tric accommodation are commonly seen in patients with functional 

dyspepsia and gastroparesis102. However, few data are available in the 
literature on these measurements in patients with SSc, possibly attrib-
utable to the invasive nature of the clinical procedures used to assess 
antral motility and gastric accommodation. Both of these established 
procedures require intubation of a catheter into the stomach102.

Delayed gastric emptying has been reported in association with 
oesophageal dysmotility in SSc. One study showed that abnormal 
oesophageal motility was identified in approximately two-thirds of 
patients with SSc who had gastroparesis, whereas another, albeit 
smaller, study found that patients with SSc who had normal oesopha-
geal motility had normal gastric transit, although not all studies are 
consistent in this regard84,103.

Clinical manifestations of gastric dysfunction in SSc. Symptoms 
associated with gastroparesis include early satiety, nausea, vomiting, 
epigastric pain, bloating, uncontrolled GERD, decreased oral intake 
and weight loss. Abnormal gastric accommodation can be associated 
with early satiety. Gastric antral vascular ectasia (GAVE), or ‘watermelon 
stomach’, is a rare condition that occurs within the first few years of SSc 
onset. The majority of patients with SSc with GAVE present as symp-
tomatic or asymptomatic iron deficiency anaemia, and a minority of 
patients experience overt upper gastrointestinal bleeding104.

The small bowel in SSc
Normal small bowel function is critical for nutrient absorption. The ENS 
has a dominant role in directing various patterns of movement in this 
region of the gut. Such patterns include peristalsis, mixing movements 
(segmentation contractions), migrating myoelectric complexes and 
retropulsion (which is seen with vomiting)10. Complications of small 
intestinal dysmotility include slow intestinal transit, recurrent pseudo-
obstruction, SIBO and pneumatosis cystoides intestinalis. Severe small 
intestinal impairments, such as malabsorption and dysmotility, are 
associated with increased mortality in SSc1,105. Small-intestinal transit 
can be assessed using scintigraphy, usually as part of a whole-gut tran-
sit study6,84 or with the hydrogen breath test (after either a glucose or 
lactulose meal), which is more widely used84,106. Using scintigraphy,  
71 patients with SSc and gastrointestinal symptoms were screened 
for gastrointestinal dysmotility6. Patients were grouped according 
to the severity of gastrointestinal symptoms as determined using the 
modified Medsger gastrointestinal severity score (0–4): 0 for normal;  
1 if symptoms required GERD medications or if small bowel series results 
were abnormal; 2 if high-dose GERD medications and/or antibiotics for 
bacterial overgrowth were required; 3 for malabsorption syndrome 
or episodes of pseudo-obstruction; 4 if total parenteral nutrition was 
required6,107. Small bowel transit delay was rare among most groups 
(scores of 0–3) but was present in three of three (100%) patients with 
the most severe category of gastrointestinal disease (score of 4)6. Pro-
longed orocaecal transit time has been commonly reported in patients 
with SSc in comparison with healthy individuals95,106,108,109.

Delayed small intestinal transit can result in SIBO. The hydrogen 
breath test is used as the clinical standard for diagnosing SIBO, although 
it is of limited specificity (68%) and low sensitivity (44%)110,111. SIBO is 
characterized by an increase in the number and/or an abnormal type 
of bacteria in the small intestine. The prevalence of SIBO in patients 
with SSc ranges from 30% to 60%112,113. In a systematic review and meta-
analysis including 700 patients with SSc and 217 healthy individuals, 
the pooled prevalence of SIBO was 34% among patients with SSc114. 
Symptoms associated with SIBO include diarrhoea, abdominal pain, 
flatulence, abdominal distension and malabsorption of nutrients115. 
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If uncorrected, SIBO can worsen intestinal dysmotility and lead to 
malabsorption, resulting in increased mortality in SSc1,116.

Chronic intestinal pseudo-obstruction is characterized by clini-
cal and radiological evidence of chronic episodic intestinal obstruc-
tion in the absence of a mechanical lesion. In SSc it can be associated 
with a dilated and atonic small bowel with delayed transit. In a total of 
~200,000 hospitalizations of patients with SSc in the USA between 
2002 and 2011, 5.4% were associated with a diagnosis of concur-
rent intestinal pseudo-obstruction117. A retrospective analysis of 
2,812 patients with SSc seen at the Johns Hopkins Systemic Sclerosis 
Center between 2003 and 2017 revealed that 6.2% of patients had a 
history of pseudo-obstruction16. Although relatively rare, chronic 
intestinal pseudo-obstruction is reported to have a mortality rate of 
7–16%117,118. Opioid use has been implicated as a potential risk factor for 
its development16,106.

The colon in SSc
Slow colonic transit is one of the major pathophysiological factors of 
chronic functional constipation, although few studies in the literature 
have focused on colonic transit and/or motility in patients with SSc. 
Slow colonic transit was reported in 48 of 100 patients with SSc with 
gastrointestinal symptoms assessed using scintigraphy (48%), and it 
was positively associated with female sex, telangiectasia, prior or cur-
rent smoking and a Medsger gastrointestinal severity score ≥3 (ref. 119). 
Severe colonic transit delays were more likely to occur in patients with 
Medsger gastrointestinal scores of 3 (indicative of pseudo-obstruc-
tion and/or malabsorption) compared with groups with other scores 
(P = 0.02). Seventy per cent of these patients (that is, patients with a 
score of 3) had ≤30% colonic emptying at 72 h119. Progressive atrophy 
and/or fibrosis of the colonic submucosa can lead to wide-mouthed 
sacculations or pseudo-diverticula120.

The clinical implications of colonic involvement can range from 
asymptomatic slow transit to abdominal distension, pain and cramp-
ing, diarrhoea, faecal incontinence, chronic constipation or pseudo-
obstruction6,16. A survey administered to 83 patients with SSc in a 
cross-sectional analysis reported that 18% of patients regularly needed 
digital evacuation, 79% had diarrhoea and 20% had bowel symptoms 
that worsened their quality of life121. Anorectal pathology with impaired 
faecal evacuation (for example, dyssynergy or rectal hyposensitivity) 
can further exacerbate colonic pathology and can contribute to colonic 
complications such as faecal impaction, pseudo-obstruction and even 
perforation (see later discussion)59,122.

The anorectum in SSc
The anal sphincter is known to have an important role in faecal 
continence and defaecation. Anorectal symptoms occur in 50–70% 
of patients with SSc52. Anorectal manometry of patients with SSc 
reveals abnormal internal anal resting pressure, impaired maximal 
voluntary contractions of the external anal sphincter, impaired rec-
toanal inhibitory reflex and normal squeeze pressures123,124. Faecal 
incontinence was reported in 27% of patients with SSc in a multicentre, 
cross-sectional study of 298 patients with SSc125. Low resting pressure 
of the anal sphincter, reflecting internal anal sphincter function, and 
reduced distensibility of the middle anal canal were more common 
in patients with SSc with faecal incontinence, compared with those 
without126,127. Thin and atrophic internal sphincter was reported in 
patients with SSc, both with and without symptoms59. Dyssynergic 
defaecation is one of two known pathophysiological factors of func-
tional constipation128; however, no studies are available in the literature 

regarding the role of dyssynergic defaecation in constipation in patients 
with SSc.

In addition to slow colonic transit and dyssynergic defection, 
rectal sensitivity is believed to have a role in constipation, and rectal 
hyposensitivity was reported in 25% of 2,876 patients with refractory 
functional constipation129. Reports of altered rectal functions in patients 
with SSc include altered rectal sensation to rectal balloon distention, 
reduced rectal compliance and/or diminished rectoanal inhibitory 
reflex130,131. Studies are needed to explore whether rectal hyposensitivity 
is prevalent and contributes to constipation in patients with SSc.

In most cases, internal anal sphincter atrophy and dysmotility 
contribute to anorectal symptoms including faecal impaction, con-
stipation, incontinence, tenesmus and painful defaecation. These 
symptoms can be aggravated by underlying constipation related to 
colonic dysmotility, rectal prolapse and reduced rectal compliance 
and capacity.

Management of gastrointestinal dysfunction and 
dysmotility in systemic sclerosis
The treatment of gastrointestinal dysfunction in SSc remains challeng-
ing in part because the pathogenesis remains largely unknown and in 
part because of the general paucity of available agents for the treatment 
of motility disorders. Furthermore, randomized controlled trials are 
difficult to conduct in this population for several reasons, including 
difficulty in recruiting patients to placebo-controlled trials and the 
relatively small number of patients affected, necessitating multicentre 
studies. Nevertheless, it is possible to improve the quality of life of 
many patients, particularly if rheumatologists are willing to be more 
creative in their approaches, while acknowledging the difficulties in 
obtaining high-quality SSc-specific evidence.

Overview of prokinetic agents
Regardless of the pathogenesis, there is much evidence to suggest 
that impaired gastrointestinal transit in one or more regions of the 
gut occurs in patients with SSc6,17,84. This impairment can be suspected 
clinically but it is often useful to measure it objectively, ideally with 
comprehensive scintigraphic examination of whole-gut transit time or 
by use of a wireless motility capsule, the findings from which can then 
help to guide the selection of general or regional prokinetic agents6,17,132. 
When more extensive gastrointestinal dysmotility is present in the gut, 
general prokinetics, or agents that are capable of increasing propulsive 
activity in most regions of the gut, are indicated. Drugs in this category 
that have been used in SSc include the acetylcholinesterase inhibitor 
pyridostigmine133, which acts by prolonging the action of acetylcho-
line on smooth muscle, and prucalopride18, an agonist of 5-hydroxy-
tryptamine receptor 4 (5-HT4) that augments neuronal signals for 
peristalsis and secretion. Prucalopride can be useful in patients with 
generalized slow transit and also for those with regional abnormalities, 
particularly of the stomach and colon.

In contrast to general prokinetics, regional prokinetic drugs are 
more restricted in their predominant target site and are typically useful 
only for promoting motility in one region of the gut. For example, meto-
clopramide, a dopamine-2 receptor antagonist, is the only approved 
drug for gastroparesis in the USA, although it has a black box warning 
because of extrapyramidal symptoms. It is, however, used internation-
ally as a prokinetic agent, as it is a good anti-nauseant, can improve 
gastric emptying in patients with SSc and might also augment LES 
tone134. Domperidone is another dopamine-2 receptor antagonist that 
is effective in the management of gastroparesis135. It does not cross the 
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blood–brain barrier and is therefore safer than metoclopramide in this 
regard; however, it does carry the risk of cardiac arrythmias because 
of its effects on the QT interval on electrocardiography136. Therefore, 
in the USA, domperidone can only be prescribed through an investiga-
tional new drug application, although it is widely available in the rest 
of the world. Macrolide antibiotics (erythromycin and azithromycin) 
are agonists of motilin, an endogenous gastrointestinal hormone that 
can augment phase III contractions in the stomach and small intestine 
and improve gastric emptying in patients with gastroparesis137,138. Long-
term use of these antibiotics is, however, limited by the development of 
tachyphylaxis, or diminishing response to successive doses of a drug, 
usually within a few weeks. Octreotide is another example of a regional 
prokinetic drug, although its predominant effect is on small bowel 

transit139,140. Medications with prokinetic function, and their related 
indications, effects and associated considerations are listed in Table 3.

Overall approach to treatment
The topic of the overall approach to the management of gastrointestinal 
manifestations of SSc has been extensively reviewed within the past few 
years20,141. Before discussing the approach to therapeutic interventions, 
it is important to highlight the initial application of lifestyle modifica-
tions in the management of GERD. Eating small meals often during the 
day instead of three big meals, avoiding eating more than 3–4 h before 
bed and elevating the head of the bed142 might improve symptom man-
agement and reduce the risk of aspiration pneumonia among patients 
with severe oesophageal dysmotility and patulous oesophagus on chest 

Table 3 | Medications used to treat gastrointestinal dysmotility: indications, effects and considerations

Medication Mechanism of action Primary indications Main effects in the 
gastrointestinal tract

Considerations

Metoclopramide Dopamine (D2) antagonist, agonist 
of serotonin 5-HT4 receptor, and 
weakly inhibits 5-HT3 receptors

Oesophageal dysmotility, refractory 
GERD, gastroparesis207

Increased frequency of 
oesophageal contraction, 
increased LES pressures, 
improved gastric emptying

Serious neurological adverse 
effects can occur (e.g. tardive 
dyskinesia, dystonia, depression and 
neuroleptic malignant syndrome)

Erythromycin Motilin agonist Oesophageal dysmotility208, 
gastroparesis209

Increases oesophageal 
and gastric motility210

Tachyphylaxis; caution with long  
QT/cardiac arrhythmia; avoid in 
patients with myasthenia gravis  
and skeletal muscle disorders

Buspirone High affinity for serotonin receptors 
5-HT1A and 5-HT2 and moderate 
affinity for dopamine (D2) receptors

Refractory GERD, oesophageal 
dysmotility19,211, early satiety212

Increased oesophageal 
peristalsis and LES 
pressure; increased 
gastric accommodation213

Caution with serotonin syndrome; 
restlessness may appear early in 
treatment

Mirtazapine Central presynaptic α2-adrenergic 
antagonist; potent antagonist 
of 5-HT2 and 5-HT3 serotonin 
receptors and H1 histamine 
receptors; moderate peripheral 
α1-adrenergic and muscarinic 
antagonist

Gastroparesis214,215, weight loss216 Increased gastric 
emptying; might reduce 
diarrhoea

Can cause weight gain, increased 
appetite, increased sleep, bad 
dreams; use with caution in  
patients with constipation; avoid 
in patients with hyperlipidaemia, 
mania, seizures, glaucoma,  
QT prolongation, muscle disease

Baclofen Inhibits transmission of reflexes at 
the spinal cord level

GERD217, gastroparesis Inhibition of transient 
lower oesophageal 
sphincter relaxation, 
improved GERD217, 
stimulation of gastric 
motility217,218

Can aggravate constipation; avoid 
in patients with psychosis, seizures, 
chronic kidney disease, functional 
bladder disorders

Pyridostigmine Inhibits destruction of acetylcholine 
by acetylcholinesterase, which 
facilitates transmission of impulses 
across the neuromuscular junction

Oesophageal dysmotility219,220, 
gastroparesis221, chronic 
intestinal pseudo-obstruction222, 
delayed small bowel transit, chronic 
constipation133,223,224

Increased gastrointestinal 
transit, especially in the 
colon133,224

Contraindicated in mechanical 
intestinal or urinary obstruction, and 
particular caution should be used 
in its administration to patients with 
bronchial asthma

Domperidone Peripheral dopamine receptor 
antagonist

Oesophageal dysmotility, 
GERD207, gastroparesis225, chronic 
constipation226

Increased overall 
gastrointestinal transit; 
improves nausea and 
vomiting

Can cause cardiac arrhythmia, 
increase QT interval; avoid 
in patients with electrolyte 
disturbances, cardiac, hepatic or 
renal problems, gastrointestinal 
bleeding and pregnancy

Prucalopride Selective high-affinity 5-HT4 
receptor agonist

Chronic constipation227, ileus228, 
intestinal pseudo-obstruction229, 
gastroparesis230

Increased gastric, small 
bowel and colonic transit

Avoid in patients with significant 
depression, intestinal perforation or 
obstruction, severe inflammatory 
conditions of the intestinal tract  
(e.g. IBD, megacolon/megarectum)

Octreotide Inhibits serotonin release and the 
secretion of gastrin, VIP, motilin and 
other factors

Intestinal pseudo-obstruction139 Stimulates intestinal 
motility

Requires subcutaneous injections 
1–3 times per day; can exacerbate 
diarrhoea, constipation and gas

5-HT, 5-hydroxytryptamine; GERD, gastro-oesophageal reflux disease; IBD, inflammatory bowel disease; LES, lower oesophageal sphincter; VIP, vasoactive intestinal peptide.
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CT. What follows here is a more up-to-date and narrative account of the 
approach taken in the Center for Neurogastroenterology practice at 
Johns Hopkins by one of the authors (P.J.P.).

Although GERD is commonly viewed as an ‘acid-peptic’ disorder, 
the underlying pathogenesis results from a dysfunctional LES and dimin-
ished peristalsis in the body of the oesophagus. GERD is arguably the 
most common gastrointestinal complication of SSc, and proton pump 
inhibitors (PPIs) are the mainstay of symptomatic therapy for this condi-
tion, as they are highly effective in controlling symptoms of GERD in many 
patients with SSc143. However, chronic use of these drugs is increasingly 
associated with a variety of systemic adverse effects, including increased 
risks of infection, cardiovascular disease, renal disease, hypomagnesae-
mia, dementia and gastric cancer143,144; perhaps most importantly from 
the gastrointestinal standpoint, they also promote SIBO145, to which 
patients with underlying dysmotility of the small intestine are already 
vulnerable. Furthermore, many patients are only partially responsive to 
PPIs144. As with non-SSc patients with GERD who have persistent reflux 
symptoms despite PPI therapy, ambulatory reflux testing can provide 
further therapeutic guidance after an initial upper endoscopy to assess 
for acid-related injury and/or complications in the distal oesophagus 
consistent with GERD and to rule out alternative diagnoses. Guidelines 
have recommended off-therapy prolonged wireless pH monitoring in 
the absence of proven reflux disease (such as erosive reflux disease Los 
Angeles classification grade B or greater, Barrett oesophagus or peptic 
stricture) and on-therapy pH-impedance testing in patients with proven 
reflux to determine the mechanism of persisting oesophageal symptoms 
despite therapy146,147. In certain patients with persistent acid reflux, we 
consider adding histamine-2 receptor antagonists (particularly for those 
with nocturnal reflux), use double-dose or split-dose (twice a day) PPIs, 
switch to another PPI or use a longer-lasting formulation such as dexlan-
soprazole. A newer class of acid suppressants, potassium-competitive 
acid blockers (for example, vonoprazan, revaprazan and tegoprazan), are 
more potent and longer-acting than PPIs and might be useful for the treat-
ment of refractory GERD once they are widely available, but they have 
been approved for use in only two or three countries to date148,149. Finally, 
agents that protect the mucosa, such as sucralfate, might also have a 
role in the management of GERD142. Such agents provide a physical bar-
rier to block the diffusion of gastric contents across the oesophageal 
mucosa and thereby reduce the likelihood of erosive injury. Although 
acid suppression and mucosal protection remain the clinical standard, 
domperidone and metoclopramide might also be helpful in improving 
symptoms, perhaps by augmenting LES pressure or promoting gastric 
emptying and decreasing intragastric pressure150. Other drugs, such as 
buspirone, a 5-HT1a agonist that can augment oesophageal contractions 
in the setting of ineffective oesophageal motility and can increase LES 
tone, could be considered when standard acid-suppressing agents fail to 
eliminate symptoms19. Baclofen, a GABAB agonist that reduces transient 
LES relaxations and associated reflux, might also be trialled in particu-
larly refractory cases151. Alginate compounds could also serve as useful 
adjuncts, but preparations with effective concentrations of alginic acid 
are not made in the USA152.

Patients with gastroparesis often present with nausea, vomiting, 
early satiety, fullness and abdominal pain or discomfort. Although gas-
tric prokinetic drugs (see earlier discussion) are considered first-line 
therapy, their use is limited by either adverse effects or tachyphylaxis. 
Furthermore, some symptoms, such as nausea, might not correlate with 
delays in gastric emptying. ‘Classical’ anti-emetics (including 5-HT3 
antagonists such as ondansetron, promethazine and prochlorperazine) 
are often used ‘as needed’ to treat nausea; however, they do not always 

provide effective relief, or their associated adverse effects are intoler-
able. One of the more useful alternatives in this setting, particularly in 
patients with weight loss, is mirtazapine, a noradrenergic and specific 
serotonergic antidepressant that is also a potent 5-HT3 antagonist153. 
This drug can be given once a day (typically at night as it can cause 
drowsiness) and will often stimulate the appetite and might also help 
with nausea and vomiting. Other drugs that can be considered include 
aprepitant, a neurokinin-1 receptor antagonist that has proven efficacy 
in chemotherapy-induced nausea and could be useful in patients with 
refractory nausea154, and dronabinol (synthetic tetrahydrocannabinol), 
which can avoid the use of marijuana (medical or otherwise), which 
patients sometimes explore155. Buspirone is also useful in relaxing the 
proximal stomach (improving accommodation) and can be helpful 
in treating early satiety and fullness, symptoms that are common in 
patients with gastric dysfunction and that cannot be explained solely 
by delays in gastric emptying156.

As we have discussed, SIBO is an important cause of gastrointes-
tinal symptoms in patients with SSc. A therapeutic trial in patients 
with suggestive symptoms (bloating, flatulence, loose stools and/or  
other signs or symptoms of malabsorption such as unexplained 
weight loss) is justifiable, particularly using non-systemic drugs such 
as rifaximin157. If patients respond, they usually do so within 2 weeks 
of completing treatment. However, although its overall diagnostic 
yield is limited, breath testing with a lactulose challenge is often rec-
ommended because establishing the presence of SIBO can reassure 
physicians and patients about the use of frequent or different com-
binations of antibiotics (for example, neomycin or metronidazole). 
In patients with refractory or frequently relapsing SIBO, small bowel 
transit should be measured and, if delayed, consideration should be 
given to subcutaneous octreotide. This somatostatin analogue can 
augment small intestinal motility, reduce breath hydrogen concentra-
tions and improve symptoms such as nausea, bloating and abdominal 
pain in patients with SSc139.

Refractory diarrhoea that is unresponsive to SIBO treatment, 
particularly if associated with steatorrhea, should raise suspicion for 
underlying bile acid malabsorption, which can occur independently 
of SIBO in patients with SSc158. In this condition, excess bile acids are 
delivered to the colon where they can stimulate epithelial secretion. 
A trial of bile acid sequestrants (such as cholestyramine, colesevelam 
and colestipol) is often helpful in such cases159. The anti-diarrhoeal 
loperamide can be helpful by both augmenting sphincter tone and 
reducing stool water content in patients with anal sphincter weakness 
and faecal incontinence, although it should be used with caution in 
patients with co-existing slow colonic transit. It should also be noted 
that in patients with severe constipation, so-called ‘overflow’ inconti-
nence might occur as a result of fluid seeping past the faecal mass. As 
a result, effectively treating constipation could resolve the problem 
and improve the quality of life of the patients124,125.

In patients with constipation, increasing stool fluid content with 
polyethylene glycol preparations or secretagogues such as linaclo-
tide, plecanatide and lubiprostone can be helpful128,160–168, although 
very few of these agents have been studied in SSc169. In patients who 
are not responsive to or tolerant of these medications or who have 
generalized dysmotility, we use prokinetics such as pyridostigmine 
and prucalopride133.

Non-pharmacological approaches
Pelvic floor dysfunction (PFD) is common in patients with SSc but 
not often suspected or treated122,170. PFD should be suspected as an 
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important cause of constipation if patients complain that they are una-
ble to fully evacuate stools despite the urge to have a bowel movement, 
and if they consequently report excessive straining (and sometimes 
attempts at manual removal) with a sensation of bulging or fullness in 
the perineal area. Anorectal manometry is a relatively simple test that 
can establish the diagnosis of PFD; in addition, magnetic resonance 
defaecography is a useful tool to screen for anatomical abnormalities 
(for example, rectocele, cystocele and other manifestations of advanced 
pelvic floor descent) in patients with severe symptoms. Pelvic floor 
therapy with biofeedback is a cornerstone of treatment for PFD but to 
really succeed it requires practitioners to have expertise and interest 
in this condition170.

Implantable and transcutaneous neuromodulation methods have 
been applied to treat various gastrointestinal motility disorders. Sacral 
nerve stimulation has been used for treating faecal incontinence171, 
and gastric electrical stimulation has been applied for treating nau-
sea and vomiting in gastroparesis172. Because these methods are inva-
sive and involve the use of an implantable pulse generator, they have not 
been applied in SSc. Non-invasive transcutaneous neuromodulation 
methods have been applied to treat gastrointestinal motility disor-
ders, including transcutaneous auricular vagal nerve stimulation173, 
transcutaneous cervical vagal nerve stimulation174, transcutaneous 
electrical acustimulation (TEA) and transcutaneous electrical nerve 
stimulation175. TEA applied at acupuncture points ST36 (leg) and PC6 
(wrist) to treat gastric complications in patients with SSc was reported 
to improve gastric slow-wave rhythmicity and coupling by enhanc-
ing vagal efferent activity with concurrent suppression of vasoactive 
intestinal peptide and the pro-inflammatory cytokine IL-6 (ref. 176). 
Such a method has also been noted to improve constipation in a few 
patients with SSc ( J.Z.C. and Z.H.M., unpublished data). TEA has been 
reported to improve gastro-oesophageal reflux and constipation177,178; 
it remains to be investigated whether TEA is also effective in treating 
gastrointestinal complications of SSc. When GAVE is present, address-
ing symptoms and endoscopic ablation are the first line of treatment, 
although surgery is occasionally recommended in severe refractory 
cases142,179.

Finally, the success of minimally invasive endoscopic or lapa-
roscopic approaches for the treatment of refractory GERD180 has 
raised the prospect of these procedures being viable alternatives for 
selected patients with SSc who have GERD. However, no trials have been 
reported in this area, and it remains unclear whether these procedures 
worsen dysphagia in the context of ineffective oesophageal motility, 
which is common in SSc. If considered, these approaches should be 
addressed by experienced surgeons and SSc specialists to limit the 
morbidity associated with them.

Future treatments and approaches
Although the ultimate goal of finding a cure for the gastrointestinal com-
plications of SSc remains elusive, there are some approaches that have 
not been tested rigorously, as reviewed elsewhere181,182. As an example, if 
anti-muscarinic antibodies or other antibodies are important in patho-
genesis (at least in a subset of patients) then trials of immunomodulators 
or plasmapheresis seem to be warranted, using these antibodies as bio-
markers. There is preliminary evidence that intravenous immunoglobu-
lin treatment might benefit patients with SSc who have gastrointestinal 
and other symptoms183,184. The identification of other future targets will 
depend on a better understanding of how the ENS and gastrointestinal 
smooth muscle are affected in this condition, particularly early in the 
natural history. The response to both gastric and colonic prokinetic 

agents clearly indicates that the gut remains responsive in many patients, 
thus casting doubt on the traditional dogma that gastrointestinal fibro-
sis is a dominant feature in this condition. Indeed, the gut might have a 
unique pathophysiology or be vulnerable to the same aberrant biological 
pathways responsible for other manifestations of SSc. Research in this 
area should be intensified, with a multidisciplinary approach involving 
rheumatologists, enteric neurobiologists and immunologists.

In parallel, the rheumatology community should adopt the diag-
nostic and therapeutic tools widely used by gastrointestinal motility 
specialists that are described in this article. Many of the common 
gastrointestinal symptoms in this condition can result from a variety of 
disorders, and a systematic and comprehensive search for dysmotility 
and its complications will lead to more targeted treatment and a better 
quality of life for patients.

Targeting microbiota in SSc
As in most chronic disorders, there is substantial interest in the role of 
microbiota in SSc in general, and in the gastrointestinal complications 
of SSc in particular. It is not surprising that alterations of the microbiota 
can lead to dysbiosis in the small intestine and colon. Furthermore, it 
is common for dysbiosis in patients with marked changes in gastro-
intestinal motility to correlate with the frequency and/or severity of 
symptoms185. However, causality has been difficult to prove, with lit-
tle evidence to support the routine use of probiotics, which might or 
might not be safe to use in patients with slow intestinal transit. Initial 
attempts at faecal microbiota transplantation (FMT) suggest that 
this approach has potential but the results of a larger randomized 
trial are awaited in order to truly assess the efficacy and safety of this 
approach180,186.

Replacing the microbiome through FMT was a breakthrough 
therapy for Clostridium difficile infection and is moderately effective 
for autoimmune diseases187. The success of FMT hinges on engraftment 
of donor microbiota in the gut of the patient, but the determinants of  
bacterial engraftment in the human gut are not well understood.  
A newly developed method for inferring strain genotypes and frequen-
cies across longitudinal metagenomes allowed for strain transmission 
to be measured in patients treated with FMT, leading to an outline of the 
principles that govern engraftment188. In patients with Crohn’s disease, 
metagenomic profiling of the microbiome before and after FMT linked 
the gain, loss and replacement of specific microbes to the maintenance 
of remission189. Determination of which microbes might be beneficial 
to transmit or eliminate through FMT could improve the efficacy of 
this approach and provide criteria to help identify personalized FMT 
donors, but well-designed trials are needed.

Immunomodulation mediated by the microbiome affects a broad 
range of diseases, including SSc. Microbes and microbially derived 
metabolites, refined by co-evolution and selection, are therefore a 
valuable source of bioactive molecules that regulate host immunity; 
however, the full extent of host–microbiome circuitry and causal mech-
anisms are only partially understood. Activity-guided characterizations 
of microbial isolates are beginning to identify the immunomodulatory 
metabolites that function in health and disease. Ruminococcus gnavus, 
a member of the healthy microbiome that blooms during intestinal 
inflammation, produces a glucorhamnan polysaccharide that induces 
secretion of the pro-inflammatory cytokine TNF by dendritic cells190. 
Certain strains of R. gnavus, however, generate a polysaccharide cap-
sule that promotes immune tolerance191, highlighting the importance 
of understanding the strain-specific effects of microbial genes and 
products on the immune system.
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Conclusions
Gastrointestinal complications negatively affect the quality of life 
of nearly all patients with SSc. Although it is clear that neuronal and 
smooth muscle dysfunction and humoral responses all probably have 
a role in SSc gastrointestinal pathogenesis, the extent to which each 
contributes to disease pathogenesis across the heterogeneous SSc 
population remains unclear. Furthermore, it is also unclear whether one 
common pathogenic mechanism or several distinct mechanisms are 
likely to underlie the development of clinical disease. These shortcom-
ings in our understanding of SSc biology have limited the development 
of therapies that specifically target the disease mechanisms. However, 
several pro-motility agents exist that can be utilized individually or in 
combination to treat gastrointestinal dysfunction in SSc and improve 
patients’ quality of life. Future studies focused on understanding the 
biological mechanisms that drive SSc gastrointestinal complications 
and determination of the efficacy of existing and novel therapies in 
improving patient outcomes are needed.
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