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Purpose: Systemic Sclerosis (SSc) is a rare connective tissue disorder characterized by autoimmunity, fibrosis, and vasculopathy that
affects the skin and internal organs, including the gastrointestinal tract, particularly the esophagus. This article highlights the
characteristics and clinical symptoms of esophageal involvement in patients with SSc.

Patients and Methods: This study was conducted between November 2022 to August 2023, including 26 already diagnosed cases of
SSc in the Department of Rheumatology and Rehabilitation and Kurdistan Center for Gastroenterology and Hepatology-
Sulaymaniyah, Iraq. Esophageal involvement was investigated using esophageal manometry, esophagogastroduodenoscopy (EGD),
and 24-hour impedance-pH monitoring.

Results: Females were significantly predominant (P = 0.019) regarding the symptoms; 76.9% of the patients had heart burn, 76.9%
dysphagia, 73.1% water brush, and 69.2% regurgitation. In total, 69.2% of the patients showed erosive gastrointestinal reflux disease
(GERD) on EGD, 76.9% had decreased lower esophageal sphincter pressure (DLESP) and decreased distal esophageal peristaltic
contractions (DDEPC) on esophageal manometry, and 84.6% had reflux on pH monitoring. Raynaud’s phenomenon is the most
common and typically the earliest clinical manifestation of SSc. The presence of erosive GERD was found to significantly increase the
risk of developing dysphagia (B = 4.725, P = 0.014, OR = 3.482) and regurgitation (B = 3.521, P = 0.006, OR = 4.030).
Conclusion: It is crucial to take gender-specific considerations into account when diagnosing and managing esophageal complica-
tions in patients with systemic sclerosis (SSc). Additionally, employing various diagnostic assessments to detect esophageal involve-
ment during SSc is essential. Erosive GERD has been identified as a risk factor that contributes to the development of dysphagia and
regurgitation in individuals with SSc.

Keywords: esophageal involvement, esophageal manometry, esophagogastroduodenoscopy, 24-hour Impedance-pH Monitoring,
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Introduction

Scleroderma is a rare connective tissue disorder recognized as an autoimmune disorder with a complex and unknown
pathogenesis. The term “Scleroderma” originated in 1836 when Fantonetti, a Milanese physician, employed it to describe
skin alterations in an adult individual." There are two major forms of scleroderma: localized scleroderma, and systemic
sclerosis. Localized scleroderma is a skin and subcutaneous tissue disease that leads to patches of thickened skin.
Systemic sclerosis (SSc), associated with severe morbidity and mortality, is characterized by gradual fibrosis of the skin
and internal organs.® Despite its relatively low prevalence, SSc has the highest mortality rate of all rheumatic diseases.”*
SSc is classified into diffuse cutaneous SSc and limited cutaneous SSc. Diffuse cutaneous SSc shows a poor prognosis
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because of early and rapid organ involvement, whereas limited cutaneous SSc shows a better prognosis with slower
disease progression and visceral involvement later in the disease course.’

Systemic sclerosis (SSc) is a complex disease that affects not only the skin but also various organs, often leading to
serious complications in the lungs and kidneys. In addition, some individuals experience musculoskeletal and cardiac
problems. Gastrointestinal tract manifestations, including esophageal involvement, are observed in most patients.®’
However, there is limited understanding of the pathogenesis and risk factors for the development and predictors of
esophageal disease progression in patients with SSc. Vasculopathy,® oxidative stress, fibrosis because of collagen
deposition,” and autoantibody generation because of a dysregulated immune system may cause esophageal
dysfunctions.'® Epigenetic regulation plays an important role in the occurrence and development of systemic sclerosis,
which involves DNA methylation, histone modification and non-coding RNA regulation. Many genes related to the
interferon pathway undergo epigenetic changes and appear to be associated with different antibodies in SSc.'' Capillary
abnormalities, such as the enlargement and/or disappearance of capillary loops, occur early in the majority of SSc
patients.'>'* Recently, videocapillaroscopy is used for measuring absolute nailfold capillary number and density of
fingers.'"* Additionally, studies have shown that continuous fibrosis and myopathy affect the function and structure of the
esophageal sphincter and motility, in which gastric juice refluxes to the esophagus and damages the squamous
epithelium. The gastrointestinal reflux is asymptomatic but gradually symptoms start, such as heartburn, dysphagia,
and regurgitation.'>'® Today, respiratory involvement (pulmonary fibrosis and pulmonary artery hypertension) is among
the leading causes of SSc-related deaths.'”

Clinical symptoms related to SSc are not sufficient to diagnose esophageal involvement; however, esophageal
manometry is used to evaluate esophageal motility disorders.'® In addition, endoscopy could be used to identify
histological alterations in the mucosa of the esophagus'® and the 24 hour pH study has a successful sensitivity for the
diagnosis of gastroesophageal reflux.?’ Data on SSc and esophageal involvement in Kurdish patients are limited. Hence,
we used a range of diagnostic techniques (endoscopy, esophageal manometry, and ambulatory pH study) to explore
practical and effective indicators of esophageal disorders. Thus, this study underscores the importance of multidisci-

plinary approaches for diagnosis and management.

Materials and Methods

Patients

For this study, 26 patients were enrolled from the Department of Rheumatology and Rehabilitation and the Kurdistan
Center for Gastroenterology and Hepatology, Sulaymaniyah, Iraq. The study was conducted from November 2022 to
August 2023 and was approved by the Ethical Committee of the College of Science-Biology Department/Salahaddin
University and complied with the Declaration of Helsinki. Patients were diagnosed by experienced rheumatologists
according to the 2013 American College of Rheumatology.”' Inclusion criteria: patients included based on having
thickening of skin on fingers proximal to the metacarpophalangeal or metatarsophalangeal joints, telangiectasia,
pulmonary arterial hypertension, Raynaud phenomenon, visceral involvement, and autoantibody. It is then classified as
either limited cutaneous SSc or diffuse cutaneous SSc according to the classification created by LeRoy et al,?* in which
limited cutaneous SSc includes skin involvement distal to the elbows and knees and diffuse cutaneous SSc includes skin
involvement of the proximal limbs and/or trunk. Exclusion criteria: patients with diabetes and autoimmune connective
tissue diseases including, systemic lupus erythematosus and rheumatoid arthritis were excluded from this study. Patients
with sicca symptoms were also excluded to avoid the probability of having Sjégren syndrome.

Written informed consent was obtained from all patients, and data were collected (sex, SSc subtypes, Heartburn,
Dysphagia, water brush, Regurgitation, and Odynophagia). The presence of Raynaud phenomenon was identified by
asking the patients whether their fingers turn blue when exposed to cold or during emotional stressors. Moreover,
extractable nuclear antigen test was done to determine anti-centromere antibody (ACA) and anti-topoisomerase
I antibody (ATA). The patients then underwent upper gastrointestinal endoscopy, Esophageal Manometry (EM), and 24-
hour pH monitoring for the evaluation of esophageal involvement. The drugs used by the patients were reviewed. Drugs
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known to suppress acid or alter esophageal motility (protein pump inhibitors, H2-receptor blockers, antacids, prokinetics,
and calcium channel blockers) were discontinued in patients 2 weeks prior to the study.

The Extractable Nuclear Antigen Test (ENA)

Following proper sample collection and serum preparation, the procedure was carried out by adding 10 pL of serum into
the first well of 8 well Alegria test strip, then inserting the strip into Sys tray and placing the tray into its position of
Alegria instrument, and the run was started. All other steps were done automatically through an ELISA-based,
automated, in-vitro test system with fully automated random access Alegria analyzer (ORGENTEC Diagnostika,
Germany). Antibodies present in positive samples bind to the antigen coated on the surface of the two reaction wells,
forming an antibody antigen complex. The intensity of the formed blue color correlates with the concentration of the
antibody-antigen-complex and can be measured photometrically at 650 nm. For ACA, Normal: <10 U/mL and Elevated:
>10 U/mL. However, Normal: < 15 U/mL, Borderline: 15-25 U/mL, and Elevated: > 25 U/mL are considered for ATA.

Esophagogastroduodenoscopy (EGD)

EGD was performed on 26 patients in the Endoscopy Department of the Kurdistan Center for Gastroenterology and
Hepatology by an endoscopist using a video endoscopic system (GIF — Q 240; Olympus, Japan). The patients fasted for
at least 8 hours prior to the procedure. EGD was used to examine esophageal strictures, hiatus hernias, Barrett’s
esophagus (BE), and esophageal malignancies (biopsy taken in suspected cases of Barrett’s disease and malignancy
and sent for histopathological examination).

High Resolution-Manometry

The procedure was performed in the Manometry Department of the Kurdistan Center for Gastroenterology and
Hepatology by a well-trained esophageal laboratory nurse. Manometry was performed using a high-resolution impedance
manometry machine (UNI-ESO-W5025, R2.0; SANDHIL SCIENTIFIC, USA). The instrument comprises a 38-channel
manometry system used to record esophageal motility, which contains 32 solid-state circumferential pressure sensors
spaced at 1-cm intervals, each of which detects pressure over a length of 2.5 mm in 12 radially dispersed sectors. The
main esophageal manometry findings in SSc patients are decreased lower esophageal sphincter pressure (DLESP) and
distal esophageal peristaltic contraction (DDEPC).

Twenty-Four-Hour Impedance-pH Monitoring

Twenty-four-hour pH Monitoring was performed at the pH-study Department of Kurdistan Center for Gastroenterology
and Hepatology using a combined multichannel intraluminal impedance—pH monitoring machine (REF: Z 07-2000-B;
SANDHIL SCIENTIFIC, USA). In each patient, an intraesophageal catheter provided with nine sensors (three impe-
dance sensors) was placed trans-nasally and remained in place for 24 h. Both acid (refluxate with pH < 4) and non-acid
reflux (refluxate with pH > 4) were evaluated, and reflux episodes were detected by impedance and categorized as acid or
non-acid by pH.

Statistical Analysis

The information got from the patients and the three procedures (EGD, Manometry, and pH monitoring) was inserted into
an Excel sheet for later analysis. Statistical analyses were performed using the GraphPad Prism version 9. Both relative
and absolute frequencies were used to represent patient characteristics. The age of the patients is represented as mean +
SD. The Chi-square test was used to determine the association of sex, disease duration, and SSc subtypes with
esophageal involvement in patients with SSc. The association between esophageal symptoms and clinical findings was
investigated using binary logistic regression. We employed the Hosmer-Lemeshow test to evaluate the accuracy of our
binary logistic regression model. This required comparing the actual results with the expected ones to identify any
significant discrepancies. If the p-value of the Hosmer-Lemeshow test is greater than the chosen significance level
(typically 0.05), it suggests that there is no evidence of a lack of fit, indicating that the model accurately fits the data.
A p-value less than 0.05 was considered to be statistically significant.
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Results
Patients

In total, 26 patients were enrolled in the study. Esophageal involvement was more common among females in a male-to-
female ratio of 1:12. The mean age of the patients was 43.3 = 12.1 years. Most patients have limited cutaneous SSc
(65.4%). Twenty out of 26 patients (92.3%) had esophageal involvement (confirmed by at least one of these investiga-
tions; endoscopy or manometry or PH-study). Twenty-one patients with SSc had symptoms of esophageal involvement,
while the rest were asymptomatic. ENA test showed that all patients (65.4%) with limited cutaneous SSc tested ACA
positive and the patients with diffuse cutaneous SSc (34.6%) tested ATA positives. Regarding Raynaud phenomenon,
most of the patients (92.3%) experienced the color changing of fingers to blue, especially when exposed to cold or during

stress (Table 1).

Table 2 presents the symptoms of patients with SSc with esophageal involvement. Nearly all the patients experienced
heartburn, dysphagia, water brushing, and regurgitation. However, only 42.3% of the patients had odynophagia.

Table | The Patient’s Characteristics

Characteristics (n = 26) Frequency
Gender Male 2 (7.7%)
Female 24 (92.3%)
Age, Mean = SD 433 £ 121
SSc subtype Limited 17 (65.4%)
Diffuse 9 (34.6%)
Esophageal involvement | Yes 24 (92.3%)
No 2 (7.7%)
Esophageal symptoms Symptomatic 21 (80.8%)
Asymptomatic 5 (19.2%)
ENA profile Positive ATA 34.6%
Positive ACA 65.4%
Raynaud phenomenon Yes 24 (92.3%)
No 2 (7.6%)

Note: The age is represented by mean * SE.

Abbreviations: ACA, anti-centromere Ab; ATA, anti-topoisomerase | Ab;
ENA, extractable nuclear antigen; SD, standard deviation; SSc, systemic sclerosis.

Table 2 The Symptoms Experienced by SSc

Patients Related to Esophageal Involvement

Symptoms (n = 26)

Frequenc

y

Heart burn

20 (76.9%)

Dysphagia 20 (76.9%)
Water brush 19 (73.1%)
Regurgitation 18 (69.2%)
Odynophagia 11 (42.3%)
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The EGD procedure performed for all patients indicated that erosive gastrointestinal reflux disease (GERD) was seen
in two-thirds (69.2%) of the patients. A minority of the patients had Barrett’s Esophagus and esophageal strictures (7.7%
and 3.8%, respectively). However, the pathological results showed normal tissue, and no malignancy was observed in
any patient (Table 3).

The results obtained by high-resolution manometry and 24-hour impedance-pH monitoring of patients are shown in
Table 4. Most of the patients (76.9%) faced the DLESP and DDEPC at the same time. Moreover, three other patients only
had DDEPC, and the remaining three patients had normal esophageal manometry. In addition, the findings by pH
monitoring indicated the presence of reflux in 84.6% of the SSc patients.

Table 5 illustrates the relationship between various variables and esophageal involvement, including sex,
disease duration, and the SSc subtype. The results showed a significant relationship (P = 0.019) between sex
and esophageal involvement, with esophageal involvement being more prevalent among females (95.83%).
Nonetheless, the relationship between disease duration and SSc subtypes with esophageal involvement was not
significant (P = 0.668 and 0.634, respectively).The study analyzed the association between clinical findings
(erosive GERD, DLESP + DDEPC, and reflux) and esophageal symptoms (heartburn, dysphagia, and regurgita-
tion) and found that having any of the clinical findings increases the likelihood of experiencing these symptoms
(Table 6). Specifically, erosive GERD was identified as a major risk factor for the development of dysphagia (B =
4.725, P = 0.014, OR = 3.482) and regurgitation (B = 3.521, P = 0.006, OR = 4.030) in patients with SSc. The
findings suggest that individuals with SSc and erosive GERD are more prone to experiencing these symptoms in
comparison to those without the condition.

Table 3 The Results of EGD Procedure of the
Study Subjects

EGD Findings (n = 26) Frequency
Erosive GERD 18 (69.2%)
Barrett’s esophagus 2 (7.7%)
Esophageal stricture 1 (3.8%)
Esophageal cancer 0 (0.0%)

Abbreviations: EGD, Esophagogastroduodenoscopy; GERD,
gastrointestinal reflux disease.

Table 4 The Comprehensive Results Obtained
from Esophageal Manometry and pH Monitoring

Manometry Findings (n = 26)

Frequency

DLESP + DDEPC

20 (76.9%)

DDEPC 3 (11.5%)
Normal 3 (11.5%)
pH Monitoring findings Frequency

Reflux

22 (84.6%)

No reflux

4 (15.4%)

Abbreviations: DLESP, decreased lower esophageal sphincter pres-
sure; DDEPC, decreased distal esophageal peristaltic contractions.
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Table 5 Association of the Sex, Disease Duration, and SSc Subtypes with

Esophageal Involvement

Variables Esophageal Involvement P value
Present (n = 24) | Absence (n = 2)

Sex

Male | (4.16%) I (50%) 0.019*

Female 23 (95.83%) 1 (50%)

Disease duration

1-5 years 8 (33.33%) I (50%) 0.668 ns

7-12 years 9 (37.5%) I (50%)

13-18 years 7 (29.1%) 0 (0%)

SSc subtypes

Limited 16 (66.66%) I (50%) 0.634 ns

Diffuse 8 (33.33%) I (50%)

Notes: Chi-square was used to find the P value. *p< 0.05.
Abbreviations: SSc, systemic sclerosis; ns, not significant.

Table 6 Association Between Clinical Findings with Esophageal

Logistic Regression

Symptoms: Binary

Dependent Independent B Sig for OR Sig for Hosmer-
Variables Variables Regression Lemeshow test
Heart burn Erosive GERD 1.469 0.998 1.213 0914
DLESP + DDEPC | 2.286 0.998 1.002
Reflux 0.706 0.675 0.985
Dysphagia Erosive GERD 4.725 0.014* 3.482 0918
DLESP + DDEPC | 2.542 0414 1.271
Reflux 0.962 0.091 1.254
Regurgitation Erosive GERD 3.521 0.006%* 4.030 0.892
DLESP + DDEPC 1.813 0.192 1.163
Reflux 1.226 0.883 1.253

Notes: *p< 0.05. *p<0.01.
Abbreviations: GERD, gastrointestinal reflux disease; DLESP, decreased lower esophageal sphincter pressure;
DDEPC, decreased distal esophageal peristaltic contractions.

Discussion

In this study, 26 patients with confirmed SSc were included to provide recommendations for the regular monitoring and
early detection of esophageal involvement in SSc patients, aiming to improve prognosis and management outcomes. Our
results showed that the high prevalence of SSc among females and female patients was significantly associated with
a higher risk for esophageal involvement compared to males, which is in line with the results of a systematic review
conducted in 2018 and a cross-sectional study in 2021.2*** Female predominance may be because of the effects of
estrogen fluctuations, especially during menopause and pregnancy. Estrogen contributes to SSc because of its pro-fibrotic
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effect.?* Most patients have limited SSc, which is more common, as shown in other studies.>>?¢ In our study, the
presence of ATA antibodies and ACA antibodies in diffuse cutaneous SSc and limited cutaneous SSc, respectively align
with the results of the other study.?” The studies revealed that secondary raynaud’s phenomenon is the most common and
typically the earliest clinical manifestation of SSc. This is why it is prevalent among SSc patients, which is consistent
with our findings.?**

Besides skin thickness in systemic sclerosis, the internal organs are included, such as the esophagus.® This was true
for this study, in which esophageal involvement was identified in most patients with symptoms related to esophageal
abnormalities. The most common symptoms were heartburn, dysphagia, water brushing, and regurgitation. Moreover,
erosive GERD was predominant among the patients, as identified by EGD. These problems result from retrograde reflux
of acid from the stomach because of an abnormality of the esophageal sphincter in systemic sclerosis.'®*! Studies have
reported the association of systemic sclerosis and cancer, and long-term exposure of the esophageal lining with gastric
acid in SSc patients may lead to cancer,>** however none of the enrolled patients were diagnosed with esophageal
cancer, which may be because of the small sample size and also requires a long period for cancer development.

The abnormalities were recorded using esophageal manometry, in which the patients frequently suffered from both
abnormal esophageal sphincter pressure and contraction (DLESP and DDEPC), as has been reported in other studies.®>*°
In addition, reflux was reported in most patients using pH monitoring, and Arif et al (2015) also reported a high
prevalence of reflux in his study.’” Consistent with the other study employing videofluorography, signs of esophageal
reflux were reported in most patients.*®

In our study, the disease duration was not significantly associated with esophageal involvement. Esophageal
involvement was more prevalent among those with limited SS with 7-12 years of disease duration. However, there
was no significant association between esophageal manifestations and disease duration or SSc subtype of SSc, which is in
agreement with the results of a previous study.>® Furthermore, our analysis revealed a notable association between
clinical findings, particularly erosive GERD, and esophageal symptoms. This correlation is corroborated by a study
showing that dysphagia, heartburn, and regurgitation are prevalent presentations of GERD.*’ These findings greatly
enhance our current knowledge of the clinical characteristics and connections pertaining to esophageal manifestations in
patients with SSc. Moreover, the study adds adequate information on esophageal complications using different techni-

ques. These findings highlight the significance of further research in this field.

Conclusion

The heterogeneous expression of this rare condition poses a challenge to both patients and clinicians. Predicting the
development of serious internal organ complications is therefore important. Clinicians frequently encounter difficulties in
promptly diagnosing systemic sclerosis during the initial phase. The exact cause of systemic sclerosis is a mystery;
however, we concluded that females were at high risk for SSc and were significantly more susceptible to esophageal
involvement. Furthermore, we deduced that the presence of multiple signs and symptoms, such as erosive GERD on
EGD, DLESP, and DDEPC during esophageal manometry, concurrent with reflux identified on pH monitoring, may serve
as indicative markers for esophageal involvement in patients with SSc. These abnormalities in the esophagus of the
patients contribute to the high incidence of dyspeptic symptoms (heartburn, dysphagia, water brush, and regurgitation)
among the patients. We realized that the disease duration and subtype of SSc were not associated with esophageal
involvement. The occurrence of erosive GERD has been recognized as a risk factor that contributes to the emergence of
dysphagia and regurgitation in individuals diagnosed with SSc.

Ethics Statement and Consent to Participate

This study was approved by the ethics committee of Salahaddin University (registration no.: R131-019; 102 approved on
June 24, 2022) and followed the Declaration of Helsinki. All participants provided consent prior to the study. If they
could not sign the questionnaire because of their inability, we asked their legal companions.
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