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Introduction: CRESTsyndrome is a clinical entity associated with systemic sclerosis, which meets at least three of the five clinical features:
calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia. Three of these clinical features (Raynaud’s
phenomenon, sclerodactyly and esophageal dysmotility) are often present in classical subsets of SSc: limited and diffuse, and their presence in
association does not define CREST syndrome. Calcinosis seems to be less common in SSc and its association with other clinical features is
characteristic of CREST syndrome. Therefore, it can be appreciated that calcinosis is the key element of CREST syndrome.
Methods: This study included a number of 37 candidates with SSc, diagnosed with the help of the American College of
Rheumatology (ACR)/European League Against Rheumatism (EULAR) 2013 criteria.
Results and Discussions: These three elements (calcinosis, Raynaud’s phenomenon, esophageal dysmotility) were recorded both in
the limited subset of SSc, but especially in the subset of diffuse SSc, contrary to the data in the literature.
Conclusion: We appreciate that CREST syndrome is a clinical entity that can overlap with both subsets of SSc. Given the divergent
views of the authors on the classification of CREST syndrome, future studies may contribute to a reassessment of SSc classification.
Keywords: systemic sclerosis, dystrophic calcinosis, CREST syndrome, telangiectasia, Raynaud’s phenomenon, sclerodactyly

Introduction
According to the criteria of the American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR)
2013, CREST syndrome is a form of systemic sclerosis (SSc) that meets at least three of the five clinical elements: calcinosis,
Raynaud’s phenomenon, impaired esophageal motility, sclerodactyly and telangiectasia.1–5 Valenzuela estimates that CREST
syndrome is present in more than a quarter of patients with SSc. CRESTsyndrome is associated with a long disease course and
positive titers of anticentromere antibodies, which are known to be specific for the limited SSc subset.6–8 Meyer revealed that
more than half of patients with CREST syndrome have elevated titers of anticentromere antibodies.9 Also, CREST syndrome
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appears to be associated with positive anti-PM/Scl-70 antibody titers.6 Although the evolution of this syndrome is often
benign, it can rarely present with complications like pulmonary hypertension after a long duration of more than 10 years or
gangrene, requiring finger amputation.9

In 1964, Winterbauer used the acronym CREST to describe the syndrome with the five clinical elements: dystrophic
calcinosis in the subcutaneous tissue, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly and telangiectasias.6,10

CREST syndrome is also called acrosclerosis or Thibierge-Weissenbach syndrome after the French doctors Thibierge and
Weissenbach who first reported the case in 1910.6,9 The etiopathogenesis of CREST syndrome is unknown, but studies have
shown that a number of local factors may be involved, such as chronic local inflammation, repeated local trauma, capillary
deoxygenation, bone matrix damage. CREST syndrome is associated with acroosteolysis and digital ulceration. Studies have
shown that more than half of CRESTsyndrome cases have elevated titers of anticentromere antibodies.6 Ohira appreciates that
CRESTsyndrome is often incomplete. Raynaud’s phenomenon, sclerodactyly and telangiectasia are themost common clinical
features identified in association, while calcinosis and esophageal dysmotility were found less frequently in patients.11

Afifi et al identified the presence of coronary calcifications in a group of patients with SSc without cardiac symptoms.
The coronary and extra-coronary calcium index was assessed using the multidetection computed tomography. Patients
with limited SSc had higher scores than those with diffuse SSc. The study showed that patients with SSc have
a cardiovascular risk induced by calcification of the coronary atheroma plaque.12 Atherosclerosis is the result of an
inflammatory process mediated by monocytes and macrophages, T lymphocytes, cytokines and autoantibodies.
Autoimmune diseases are caused by chronic inflammation that involves a cardiovascular risk.13

The Japanese study led by Takahashi noted that CREST syndrome may be associated with other autoimmune diseases. It
records the case of a 64-year-old patient diagnosed with several immunopathies: recurrent myelitis with high titers of anti-
aquaporin antibodies 4 (AQP4), primary biliary cirrhosis, Sjogren’s syndrome and CREST syndrome.14 The presence of an
autoimmune disease seems to predispose to the addition of other immunopathies in the context of the disruption of the immune
system as other authors have shown.15–17 Autoimmune fibrosis is a common mechanism between primitive biliary cirrhosis
and SSc with high titers of anticentromere antibodies and has been reported by several authors.18,19 Fibrosis stems from an
increased level of pro-inflammatory cytokines (IL6, IL1, IL17, TNFα) with pro-fibrotic potential released by inflammatory
cells.11,20–22 This characteristic fibrosis is translated by skin thickness (revealed through the modified Rodnan score) and can
be evaluated with the help of ultrasound elastography and high-frequency ultrasound, revealing the skin involvement in SSc
patients, maybe with possible detection of calcifications at this level.23,24

Materials and Methods
We have introduced a number of 37 candidates with SSc, diagnosed with the help of the American College of
Rheumatology (ACR)/European League Against Rheumatism (EULAR) 2013 criteria.5,25 These candidates come from
the south-east of Romania and were hospitalized in a university clinic in Bucharest, Romania. We obtained the agreement
of the Ethics Committee number 5213 from 04.04.2019 of the Clinical Hospital “St. Maria” from Bucharest, in
compliance with the Declaration of Helsinki.

The aim of this study was to analyze the presence of the clinical features characteristic of CREST syndrome in the
investigated SSc group of patients (both subtypes, limited and diffuse); more specifically it was to highlight the presence
of those three main elements (Raynaud’s phenomenon, esophageal dysmotility and sclerodactyly) in both of the disease
subtypes, and search whether the other two elements (telangiectasia and calcinosis), which are rarer, could dictate
whether the SSc patients also suffer from CREST syndrome. The group of patients included mostly women (30 women
and 7 men), with an 81.1% ratio, and 18.9% men. Almost a third of patients (13) were from the rural area, while 24 were
from the urban one. The patients’ age varied between 28 and 76 years.

In order to establish a group of patients to be studied, the following inclusion and exclusion criteria were used:
a positive diagnosis of SSc according to the 2013 revised ACR/EULAR criteria which have a higher sensitivity (Table 1),
cases of scleroderma “sine scleroderma” were taken also into consideration (but there were none), dermal sclerosis
according to the LeRoy criteria (which established the patients’ disease subtype – limited or diffuse), establishment of the
duration between the first sign of disease and the dermal sclerosis development, and, furthermore the positive SSc
diagnosis, comorbidities, toxic exposure and stressful events were also analyzed.
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We introduced the results of this study in an Excel file; statistical analysis processing followed and used Microsoft
Excel, SPSS version 24.0 (IBM Corp.), generating results presented in the form of a table. Quantitative data were
outlined with the help of descriptive statistics, while qualitative data were outlined with the help of frequency
distributions and contingency tables. The sample in-between comparisons were made by making use of the Chi-
squared test. All of the P-values were two-tailed, and a P-value equal to 0.05 was considered to be significant.

Results and Discussions
Among the clinical features of CREST syndrome, Raynaud’s phenomenon was the most common (Figure 1). It was
present in all patients with SSc (diagnosed with the help of ACR/EULAR criteria, as revealed by Table 2) except for one
case of diffuse SSc.

In order of frequency (Table 3), the next clinical element present in the analyzed group was sclerodactyly registered in
most patients (81.1%). Analyzing the subset distribution frequency of sclerodactyly, its predominant presence in the
diffuse SSc subset is noted (87.0%). Relatively similar percentages were recorded for telangiectasia and esophageal
dysmotility (Figure 1). In the whole group, these clinical elements were present in approximately 2/3 of the patients.
Equally, this time the diffuse subset of SSc records higher percentages of patients with telangiectasia and esophageal
dysmotility (73.9% and 69.9%). Of the five clinical features of CREST syndrome, calcinosis was the least reported,
identified in only 1/3 of patients in the entire group (32.4%). The frequency distribution of subsets of calcinosis was
similar to that of sclerodactyly. Thus, calcinosis was mainly present in the subset of patients with diffuse SSc (34.8%), in
the subset of limited SSc the share being slightly lower (in 28.6% of patients with limited SSc).

In particular, in our study we recorded the presence of calcifications more frequently in patients with diffuse SSc,
calcinosis not being a feature of this subset.26 Jacobsen noted that forms of SSc with high titers of anticentromere
antibodies associate the presence of calcinosis with digital ulceration and telangiectasia.26 Anticentromere antibodies are
known to have limited SSc specificity and have a better survival rate than diffuse forms.7,27

Based on the statements of some researchers who classified CREST syndrome as equivalent or identical to the limited
subset of SSc or as a particular form of limited SSc, we appreciate that our study does not support this assumption. We
identified calcinosis in both subsets of SSc, but especially in the subset of diffuse SSc. If we consider the opinions of
other authors who classify CREST syndrome as a distinct form of SSc, different from the limited and diffuse SSc
subsets,10 our study does not support this assumption either, as elements of CREST syndrome were present in both
subsets of SSc. Our study proves that CREST syndrome is a clinical entity that can overlap with both subsets of SSc.
Somewhat similar, Johnson noted that CREST syndrome may be present in most cases of limited and diffuse ScS,28 while
Steen reported in 2008 that CREST syndrome might be a milder form, with improved survival.29

Table 1 The New ACR/EULAR Classification Criteria from 2013 for SSc Diagnosis

Diagnostic Criteria Score

Skin sclerosis/thickening of the fingers proximal to the metacarpophalangeal joints 9
Sclerodactyly or digital edema 4/3

Fingertip pulp ulcers or stellate scars 2/3

Telangiectasia 2
Abnormal capillaries 2

Lung fibrosis 2

Lung arterial hypertension 2
SSc specific antinuclear antibodies

- anti-centromere
- anti-Scl-70

- anti-RNA polymerase III

3

Raynaud’s phenomena 2

Note: Data from Masi AT, Medsger TA Jr.25
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Four of the five clinical features of CREST syndrome (sclerodactyly, esophageal dysmotility, telangiectasia and
especially Raynaud’s phenomenon) were recorded in high percentages in patients with diffuse and limited SSc. Only
calcinosis was recorded in a lower percentage and this creates the difference. Because Raynaud’s phenomenon,
esophageal dysmotility, sclerodactyly, and telangiectasia are part of the clinical picture of diffuse and limited SSc and
are often associated with each other, regardless of the disease subset.4,5 We appreciate that CREST syndrome is the
association of at least three of the five clinical elements in which the presence of calcinosis is essential and mandatory.
We can conclude that calcinosis is the obligatory clinical element of CREST syndrome.

Calcinosis in CREST syndrome is identified in the form of subcutaneous calcifications and is formed against the
background of local ischemia and dystrophy in SSc. Dystrophic calcinosis is a type of calcification characteristic of

Table 2 Frequency Distribution by SSc ACR Criteria, in Both Subgroups and Total Group of Patients

SSc ACR Criteria Limited SSc Diffuse SSc Total Chi-Square p

n % n % n %

1 major criterion No
Yes 14 100.0% 23 100.0% 37 100.0%

2 minor criteria No 8 57.1% 4 17.4% 12 32.4% 4.590 0.032
Yes 6 42.9% 19 82.6% 25 67.6%

Total 14 100.0% 23 100.0% 37 100.0%

Note: Bold value indicates statistically significant.

Figure 1 Clinical elements of CREST syndrome: Frequency distributions for the total group and by subsets of SSc.
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connective tissue diseases. Devitalized tissues of SSc are prone to calcium deposition under conditions of normal
plasma calcium and phosphate levels. SSc vasculopathy causes local tissue hypoxia followed by damage to collagen
and elastin fibers. Local inflammation promotes calcification of devitalized tissues. In other words, ectopic miner-
alization occurs with localization in the peri-articular subcutaneous tissue. Insoluble calcium deposits consist of
amorphous calcium phosphate and hydroxyapatite crystals and have the appearance of agglomerations of inorganic
crystalline materials with localized or extended disposition. At the periphery of calcium deposits there is
a granulomatous inflammatory reaction followed by the formation of foreign body granuloma and fibrosis1 These
deposits formed on the background of local inflammation maintain, in turn, recurrent inflammation. Therefore,
a vicious circle is created. Moreover, dystrophic calcinosis favors the appearance of skin ulcers that can become
infected, and in the long run produces joint contracture and muscle atrophy.6 At the same time, local ischemia reduces
the layer of subcutaneous fat.1

Calcinosis is a source of pain and disability. It can be clinically or radiologically evidenced and drug treatment is
often ineffective.6 Colchicine and calcium channel blockers are the first-line treatment for subcutaneous calcification in
SSc, but have not been shown to be effective.30 Similarly, bisphosphonates, thalidomide, and sodium thiosulfate did not
have encouraging results, and rituximab treatment led to divergent opinions.31 In 2019, Gordon conducted a study in
which children with Hutchinson-Gilford progeria were enrolled. They showed calcifications consisting of hydroxyapatite
crystals with extraskeletal disposition. Zoledronic acid, pravastatin and lonafarnib were ineffective.32 Therefore, the main
treatment remains the surgical excision of calcium deposits.6 However, some studies have shown that statins could be
used due to their anticalcification and antiinflammatory, antithrombotic and antioxidant effect.33,34 A study that used mice
as experimental models of pseudoxanthoma elasticum (PXE), a genetic disease in which ectopic mineralization occurs in
the arterial walls, obtained favorable results after administration of atorvastatin. Therefore, statins prevent abnormal
mineralization, but do not cause their resolubilization.35 Also, persistent skin ulcers by the area of calcinosis or in the
acral regions require treatment to avoid infection, being difficult to manage and sometimes it can be useful to combine
topical medication.36 Of particular interest is the finding highlighted by Draganescu and collaborators regarding the risk
of HIV patients to develop skin lesions. The inflammatory and immune status of this disease, even in the setting of
antiviral treatment, might be a preset to subcutaneous calcification development.37

Winterbauer has classified CREST syndrome since 1964 as a distinct form of SSc with a better prognosis.10,28 In
2001, the classification was changed and CREST syndrome was seen as a particular form of limited SSc. Johnson finds
Le Roy’s classification in the two SSc subsets, limited and diffuse, convenient and predictable. Johnson also notes that

Table 3 CREST Syndrome Elements – Patient Group and Disease Subgroups Frequency Distribution

CREST Syndrome Elements Limited SSc Diffuse SSc Total Chi-Square p

n % n % n %

Calcinosis No 10 71.4 15 65.2 25 67.6 0.153 0.493, NS.
Yes 4 28.6 8 34.8 12 32.4

Raynaud phenomena No 1 7.1 1 2.7 1.688 0.378,NS
Yes 13 92.9 23 100.0 36 97.3

Esophageal dysfunction No 7 50.0 7 30.4 14 37.8 1.416 0.234,NS
Yes 7 50.0 16 69.6 23 62.2

Sclerodactyly No 4 28.6 3 13.0 7 18.9 1.368 0.228,NS
Yes 10 71.4 20 87.0 30 81.1

Telagiectasia No 6 42.9 6 26.1 12 32.4 1.117 0.242,SS
Yes 8 57.1 17 73.9 25 67.6

Total 14 100.0% 23 100.0% 37 100.0%

Abbreviations: NS, not statistically significant; SS, statistically significant.
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most cases of limited and diffuse SSc have clinical items characteristic of CREST syndrome.28,38 Recently, Adiguin
appreciated that CREST syndrome is identical to the limited subset of SSc.39 Based on the divergent opinions regarding
the classification of CREST syndrome, several authors consider that a new classification of SSc is necessary.6,28,39

We appreciate that the microcalcifications (small calcium deposits) in the SSc are much more frequent than we can
objective clinically, ultrasound or radiologically because there is a subclinical stage in which they cannot be identified by
clinical examination. Nishikawa et al identified the presence of calcifications at the titanium piece-bone mass limit using
laser scanning confocal microscopy.40 Given this observation, We anticipate that calcium micro-deposits in the devita-
lized subcutaneous tissue of SSc could be identified at an early stage by this more reliable method long before deposits
are large enough to be clinically identified. The same early detection will have to be studied in the future and with the
help of coherent optical tomography.

Conclusion
Calcinosis was found in both diffuse and limited SSc. Therefore, calcinosis does not appear to be a particular form of
limited SSc and no equivalent form of SSc, but rather a clinical entity superimposed over both subsets of SSc.

Since Raynaud’s phenomenon, sclerodactyly and esophageal dysmotility are often present in SSc, these three
sufficient clinical elements in the five cannot be classified as CREST syndrome, we appreciate that the key element of
the syndrome is dystrophic calcinosis. We emphasize that we cannot talk about CREST syndrome in the absence of
calcinosis, contrary to the existing data in the literature. In conclusion, the CREST syndrome without calcinosis raises
and proposes the need to reformulate the terminology.

We estimate that dystrophic calcinosis is much more common in SSc than the statistics report, given that the early
stages of calcium accumulation can only be evident when the deposit reaches dimensions that allow clinical
objectification.

Abbreviations
SSc, systemic sclerosis; CO, carbon monoxide, NO2, nitrogen dioxide, SO2, sulfur dioxide; ESR, erythrocyte sedimenta-
tion rate; CRP, C reactive protein; ANA, antinuclear antibodies; ACA, anticentromere antibodies; ACR, American
College of Rheumatology; EULAR, European League Against Rheumatism.
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