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Abstract
The purpose of the present study was to find reliable non-invasive methods for imaging salivary
glands and diagnosing primary Sjögren's syndrome (SS) and to evaluate autonomic function and
central nervous system (CNS) disorders in patients with primary SS. The patient population consisted
of consecutive patients with primary SS, who fulfilled the International classification criteria for
primary SS, from the Division of Rheumatology, Department of Internal Medicine in Oulu University
Hospital.

Magnetic resonance (MR) imaging and MR sialography of parotid glands were performed on 27
patients and 7 healthy controls and ultrasonography (US) of major salivary glands on 27 patients, 27
healthy controls, and 27 symptomatic controls with sicca symptoms or salivary gland swellings
without SS. MR imaging and US showed heterogeneous parenchyma or adipose degeneration of the
gland in 81% and 78% of patients, respectively. MR sialography showed ductal system changes,
narrowings and dilatations, or cavities in 96% of patients. One healthy control and 2 symptomatic
controls had abnormal findings of parotid or submandibular glands on US. Other controls had normal
findings. The diagnostic specificity of US was 94%. Parenchymal structural changes on MR imaging
and US were associated with anti-Ro/SSA positivity and weakly with the focus score index, but not
with salivary or tear secretion, age, disease duration, or features of systemic activity of the disease,
such as hypergammaglobulinemia or systemic complications.

A comprehensive package of cardiovascular tests, including 24-hour heart rate variability,
baroreflex sensitivity test with phenylephrine, Valsalva manoeuvre, deep breathing tests, and active
orthostatic test, were conducted on 30 patients and 30 healthy, age and sex-matched, randomly
selected population-based controls. No signs of autonomic dysfunction were found in patients
compared to controls in any of the tests. The test results were not associated with saliva or tear
secretion, age, disease duration, or clinical features of systemic activity of the disease.

A case of severe inflammatory CNS disease associated with primary SS was described, and an
investigation of the relevant literature was made. Though inflammatory CNS disease is a possible
complication of primary SS, there is no consensus regarding its prevalence or significance in the
literature. Diagnostics and treatment are empiric.

In conclusion, MR imaging, MR sialography, and US yield such a definitive picture of the
glandular changes in primary SS that they are promising alternatives for invasive examinations in the
diagnostics of primary SS. Comprehensive cardiovascular tests revealed no signs of autonomic
dysfunction in patients with primary SS compared to general population.

Keywords: central nervous system diseases, heart rate variability, Magnetic resonance 
imaging, sialography, ultrasonography
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CNS  central nervous system 
CT  computed tomography 
HRV  heart rate variability 
MR  magnetic resonance 
PIH  parenchymal inhomogeneity 
R-R interval R-peak-to-R-peak interval 
SS  Sjögren's syndrome 
US  ultrasonography 
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1 Introduction 

Sjögren's syndrome (SS) is a chronic autoimmune exocrinopathy characterized by 
dryness of the eyes and mouth and mononuclear cell infiltration of exocrine glands. 
About one third of patients may also have various systemic (fatigue, joint and muscle 
pain, Raynaud’s phenomenon) and visceral manifestations (hypothyreosis, chronic 
atrophic gastritis, renal tubular acidosis, etc.) and complications of the disease, such as an 
increased risk of lymphoma (1,2,3). The course of the disease is usually stable with a 
good prognosis and mild progression of sicca symptoms, but some patients may be 
affected by severe life-threatening complications (4-7). Most commonly, SS affects 
middle-aged women in their fifth or sixth decade. About 90% of the patients are female. 
SS can be divided into primary and secondary forms. Primary SS is a separate disease 
entity, while secondary SS is concurrent with another rheumatic disease. The prevalence 
of primary SS is estimated to be 0.6-4.0% of the world's population (8,9,10). It is 
generally under-diagnosed.  

The diagnosis of primary SS is based on a combination of subjective and objective 
signs of the involvement of lacrimal and salivary glands and serological findings. Minor 
salivary gland biopsy and x-ray sialography are conventionally regarded the "corner 
stones" of diagnosis (11,12). However, they are both invasive examinations that cause 
inconvenience and a risk of complications to the patient, which is why new reliable, non-
invasive methods, such as ultrasonography (US), magnetic resonance (MR) imaging, and 
MR sialography, for the detection of diagnostic glandular changes have been searched. 
The rapid technical development has increased the reliability and availability of these 
methods during the past few years.  

The pathophysiology of sicca symptoms in SS is only partially known. The 
progression of lymphocyte infiltration and the destruction of salivary glands correlate 
poorly with the diminishing saliva secretion (13,14). As the autonomic nervous system 
modulates the function of exocrine glands in normal physiological situations (15), and 
antibodies to parasympathetic cholinergic muscarinic M3 receptors have been found in 
SS patients' sera (16), the role of the autonomic system in the pathogenesis of SS has 
become a matter of interest. Autonomic dysfunction might also have an impact on the 
prognosis of SS patients, since it is known to be associated with increased mortality (17). 
Autonomic symptoms have been described in connection with primary SS in case reports, 
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but their prevalence is unknown. The results of the few small controlled studies have 
been contradictory.  

In addition to the autonomic nervous system, other parts of the neurological apparatus 
may also be affected by primary SS. Peripheral nervous system symptoms are well 
documented, while central nervous system (CNS) involvement is a controversial issue 
with regard to its frequency, significance, and cause (18,19). 

This study focuses on the imaging of salivary glands by US, MR imaging, and MR 
sialography in order to find new non-invasive diagnostic methods for primary SS. The 
other aims are to examine autonomic function and to assess CNS involvement in primary 
SS. 



2 Review of the literature 

2.1  Salivary glands and production of saliva 

Stimulated saliva is produced by 3 pairs of major salivary glands: parotid, submandibular, 
and sublingual glands, whereas resting saliva is produced by minor salivary glands 
distributed throughout the mucosa of the oral cavity (Figure 1.). Salivary glands are 
exocrine glands composed of secretory units containing acinar and ductal regions. Acinar 
cells secrete fluid derived from the vascular bed around the acini and about 85% of the 
proteins, including glycoproteins, or mucins, in the saliva (20,21). During the passage of 
the secreted fluid through the ductal region, which is water-impermeable, some 
electrolyte flux occurs: sodium and chloride are reabsorbed, while potassium, 
bicarbonate, and some proteins are secreted (20,21,22). The acinar cells are either serous 
or mucinous. The parotid glands are serous glands, while the submandibular and 
sublingual glands are mixed, or serous-mucinous, glands, depending on the type of their 
acinar cells (22).  

Salivary glands normally produce 600 to 1000 ml of saliva per 24 hours (22,23). If the 
amount of unstimulated and stimulated saliva is less than 0.1 ml/min and 0.7 ml/min, 
respectively, hypofunction of salivary glands is considered to be present (22). Many 
factors stimulate the secretion process, including mechanical, thermal, chemical, psychic, 
or olfactory stimuli, and the circadian rhythm modulates the secretion at the back ground 
(22). The basal flow, mostly secreted by minor salivary glands, is constant and necessary 
for the maintenance of oral health. When a stimulus such as a piece of food enters the 
mouth, the flow rate increases dramatically, and the composition of saliva changes. Major 
salivary glands are the main source of reflector secretion (21,22). The stimulus is 
mediated via the autonomic nerves (15,22). Parasympathetic and sympathetic activity 
regulate salivary secretion together. Activation of the parasympathetic nerves stimulates 
acinar cells, mainly via the muscarinic M3 receptors, to secrete watery fluid. The 
electrolyte and protein concentration of saliva is also modulated by the parasympathetic 
nerves. The role of sympathetic activation is more complex, but it seems to modulate the 
consistency, viscosity, and quantity of secreted saliva together with the parasympathetic 
system. (15,22) 
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Fig. 1. Localization of major salivary glands. The parotid gland, the largest salivary gland, 
has superficial and deep lobes, which are separated by the facial nerve. The parotid gland lies 
in front of the ear on the ramus of the mandible. The submandibular gland is situated below 
the mandible and the sublingual gland under the tongue. (Figure 102 from Palva T (ed) 
Korva-, nenä- ja kurkkutaudit. Helsingin yliopiston kirjapaino, Korvatieto 1982) 

Saliva has many important functions for human well-being. It starts the digestion of food 
and protects mucosal membranes and teeth with its lubricant, buffering, and antibacterial 
properties. The pH and composition of saliva, especially the calcium and phosphate it 
contains and its buffering capacity, help to neutralize the acid attack and to remineralize 
the enamel that has been demineralized by the acid attack. At the same time, the high 
calcium and phosphate concentrations play an important role in the conversion of dental 
plaque to dental calculus. This is important for the health of dental support tissues, 
because dental calculus predisposes the support tissues to gingivitis and parodontitis. 
Saliva also helps the person to taste the food by dissolving the taste compounds and 
contributes to the regulation of water balance. (22,23) Hypofunction of salivary glands 
may cause various symptoms and complications. Patients with xerostomia complain of 
dryness of the mouth and lips, burning and smarting sensation, difficulties in speaking, 
chewing, and swallowing food as well as changed taste sensations. They may also have 
atypical caries, swellings of parotid glands, coughing episodes, and even changes in 
nutritional status and show an increased risk of aspiration pneumonia. Further, saliva 
contains growth factors that may have an influence on the generation and progression of 
gastrointestinal diseases, such as atrophic gastritis. (2,22,23,24,25) 
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2.2  Diseases of salivary glands 

The most common diseases of salivary glands are acute and chronic sialadenitis, 
sialolithiasis, sialosis, and tumors (26). Acute sialadenitis may be caused by viruses or 
bacteria. The gland is enlarged and may be hypoechoic on US examination (27). Purulent 
parotitis is a possible complication of sialolithiasis, ductal stenosis, or trauma. The 
affected gland is swollen and tender, and abscesses may be found. Monoglandular 
chronic sialadenitis may be nonspecific or associated with sialolithiasis. In multiglandular 
cases, autoimmune origin, mainly SS, must be suspected. The cause of chronic 
sialadenitis, although not definitively determined, is probably multifactorial and includes 
decrease of salivation, stasis, and ascending retrograde ductal infection. Recurrent 
tenderness and swelling of the gland is a common symptom. (28) Chronic sialadenitis 
usually leads to a sausage-like sialographic pattern, with ductal dilatations and strictures, 
and sialectasies may also be seen (29). In US examination, hypoechoic inhomogeneous 
parenchyma is a common finding (27). Marked infiltration of chronic inflammatory cells, 
acinar loss, fibrosis and periductal lymphocytosis may be seen in histology (29). Sialosis 
involves bilateral enlargement of salivary glands, often related to diabetes mellitus, 
alcohol abuse, medication, or malnutrition. No inflammatory changes or focal lesions are 
seen in salivary glands. (26) Parotid tumors are usually benign, while tumors in the other 
salivary glands may be malignant as well. Pseudotumors may also occur. Multinodular or 
cystic lesions in salivary glands may be caused by chronic sialadenitis, sarcoidosis, HIV 
infection, and sometimes by tumors or lymphoma. (26,27) 

2.3  Histopathology of salivary glands in Sjögren's syndrome (SS) 

Macroscopic findings of major salivary glands. During the course of SS, normal salivary 
gland tissue is gradually replaced by lymphocyte infiltration. Macroscopically, salivary 
glands are either diffusely or focally affected by the disease process. The involved portion 
appears nodular in contrast to the adjacent normal tissue. The gland retains its normal 
lobular pattern and the general configuration of a salivary gland, though marked 
enlargement of individual lobes and cystic structures may be seen. (1,30,31) 

Microscopic findings of major salivary glands. In the microscopic examination, the 
main findings are gradual mononuclear cell infiltration and ductal cell proliferation, 
which finally lead to the formation of epimyoepithelial cell islands (1,2,30). The 
mononuclear cell infiltration consists mainly of mature CD 4 T cells, while a minority, 
i.e. about 20%, are B cells, and plasma cells and macrophages may also be seen (2,24,32-
37). The first signs of infiltration are frequently seen adjacent to ducts and blood vessels 
(2,30). Proliferation continues within the lobule, with subsequent atrophy and loss of 
acinar tissue, until complete replacement of glandular parenchyma by lymphoid tissue, 
with the exception of the ducts, may occur. Adipose degeneration with acinar atrophy 
may be found with both gross and mild lymphocyte infiltration (2,31). 

The earliest findings in the ductal walls are minor changes of structure and 
organization accompanied by metaplastic changes of epithelial and myoepithelial cells. 
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Gradually, typical intraductal proliferation, narrowing of the duct, migration of lymphoid 
cells, and formation of a compact epimyoepithelial cell island occurs. Finally, depositions 
of hyaline-like substance can be seen. The hyaline-like mass may even completely 
replace the altered duct structures. (2,30) Epimyoepithelial islands have been described in 
5.2% to 94% of parotid gland biopsies in SS patients in various series (1,2,30,38,39,40). 
Intralobular and interlobular ducts may show the kind of epithelial changes and 
proliferation that are seen in smaller ducts. Larger ducts may be dilated and form cysts 
(30,31). The lacrimal gland changes are similar to those in salivary glands (30,41). 

Minor salivary glands. The characteristic pathological changes of minor salivary 
glands in SS were first described in the 1960s (42,43). Mononuclear cell infiltration 
resembles that of major salivary glands with focal, gradually increasing lymphocyte 
infiltration (24,34,44), but epimyoepithelial cell islands are rarely seen (24,33). Ductal 
changes, i.e. dilatations, ductal wall thickening, thinning, and oncocytic changes, have 
also been described (24,33,34,44). The ductal and parenchymal changes do not 
necessarily correlate with each other (33,34). Acinar atrophy, periductal fibrosis, and fatty 
infiltration may also be seen along with lymphocyte infiltration (24,34).  

2.4  Development of classification criteria for SS 

The diagnostics of SS has developed parallel to the increasing knowledge and 
understanding of the disease. In 1888, Hadden reported a patient with dry mouth and 
deficient lacrimal secretion, and in the same year, Mikulicz described a patient with 
symmetric swellings of the salivary and lacrimal glands due to lymphoid infiltration 
(2,30). Forty years later, Sjögren reported detailed clinical and histological findings of 19 
patients with keratoconjunctivitis sicca and xerostomia, including 13 patients with 
chronic arthritis (1). The term 'Sjögren's syndrome' was introduced by Morgan in 1954 
(45). He pointed out the histological similarity between Mikulicz's disease and Sjögren's 
syndrome. In 1956, Bloch and coworkers discovered that SS patients with and without 
connective tissue disease differed clinically and serologically from each other (2). The 
separate entities of primary and secondary SS were finally suggested by Moutsopoulos 
and colleagues in 1979 (46).  

For decades, the diagnosis of SS was based on a triad of symptoms. The patients were 
required to have at least 2 of the 3 major components of the disease: keratoconjunctivitis 
sicca, xerostomia, and connective tissue disease (1). The impact of labial gland biopsy in 
the diagnostics began to increase in the 1970s, after the grading system of biopsy findings 
had been developed (33,34,44). It was not until 1980s that a number of more detailed 
empirical diagnostic criteria were introduced (47-50). The corner-stone of all these 
criteria is the focus score (the number of lymphocyte accumulations per unit of area) in 
minor salivary gland biopsy. Each of them also includes objective signs of 
keratoconjunctivitis sicca and decreased flow of either parotid, whole, stimulated, or 
unstimulated saliva. Serology (47), x-ray sialography (50), scintigraphy (48), exclusion 
criteria (47), and subjective symptoms of dry eyes and mouth (49,50) are included in 
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some of them. The sensitivity and specificity of these criteria vary. In general, they are 
considered to have high specificity, but low sensitivity.  

In order to define criteria that would be universally accepted and applicable in both 
scientific communication and clinical work, the European study group introduced the 
preliminary European Community classification criteria for SS based on a multi-center 
validation procedure (51). A revision of the criteria to increase their specificity was 
proposed in 1996 (52). The European criteria have been broadly accepted since then, but 
other classification criteria are also still in use.  

To establish even more widely accepted criteria, especially for research purposes, an 
international group of experts introduced the American-European (International) 
classification criteria for SS in 2002 (Table 1.)(53). These criteria are based on the 
European criteria with some specifications: to have primary SS, the patient must have 
either positive anti-Ro/SSA or anti-La/SSB antibodies (item VI) or focus score 1 ≥ in 
labial gland biopsy (item IV), lymphocyte foci must occur adjacent to normal-appearing 
acini, Schirmer's I test should be performed without anesthesia, other ocular dyes can be 
used instead of Rose Bengal, and hepatitis C and past head or neck radiation treatment 
are included in the exclusion criteria (53). 
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Table 1. International classification criteria for Sjögren's syndrome. (53) 

Criteria Definition 
I Ocular symptoms: a positive response to at least one of the three selected questions: 

Have you had daily, persistent, troublesome dry eyes for more than 3 months? 
Do you have a recurrent sensation of sand or gravel in the eyes? 
Do you use tear substitutes more than three times a day? 

II Oral symptoms: a positive response to at least one of the three selected questions: 
Have you had a daily feeling of dry mouth for more than 3 months? 
Have you had recurrently or persistently swollen salivary glands as an adult? 
Do you frequently drink liquids to aid swallowing dry food? 

III Ocular signs: objective evidence of ocular involvement defined as a positive result in at least one of 
the following two tests:  

Schirmer’s I test, performed without anaesthesia (< 5 mm in 5 minutes)  
Rose Bengal score or other ocular dye score (> 4 according to van Bijsterveld’s scoring system)  

IV Histopathology: In minor salivary glands (obtained through normal-appearing mucosa) focal 
lymphocytic sialadenitis, evaluated by an expert histopathologist, with a focus score > 1, defined as a 
number of lymphocytic foci (which are adjacent to normal-appearing mucous acini and contain more 
than 50 lymphocytes) per 4 mm2 of glandular tissue 

V Salivary gland involvement: objective evidence of salivary gland involvement defined as a positive 
result in at least one of the following three diagnostic tests: 

Unstimulated salivary flow (< 1.5 ml in 15 minutes) 
Salivary scintigraphy showing delayed uptake, reduced concentration and/or delayed excretion of 
tracer 
Parotid sialography showing the presence of diffuse sialectasias without evidence of obstruction in 
the major ducts 

VI Autoantibodies: presence in the serum of the following autoantibodies: 
Antibodies to Ro(SS-A) or La(SS-B) antigens, or both 

Rules for classification: For primary SS: In patients without any potentially associated disease, primary SS 
may be defined as follows: A/ The presence of any 4 of the 6 items is indicative for primary SS, as long as 
either item IV or VI is positive. B/ The presence of any 3 of the 4 objective criteria items (that is, items 
III,IV,V,VI). For secondary SS: In patients with a potentially associated disease (for instance, another well 
defined connective tissue disease), the presence of item I or item II plus any two from among items III, IV, and 
V may be considered as indicative of secondary SS. Exclusion criteria: Past head and neck radiation treatment, 
hepatitis C infection, pre-existing lymphoma, acquired immunodeficiency disease (AIDS), sarcoidosis, graft 
versus host disease, use of anticholinergic drugs (since a time shorter than 4-fold the half life of the drug). 

2.5  Methods to assess the structure of salivary glands in the 
diagnostics of SS  

The involvement of salivary glands is emphasized in the European and International 
classification criteria by including it into 2 separate objective items of the criteria: A 
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focus score ≥ 1 in minor salivary gland biopsy is a separate item (item IV), and the 
disease process of salivary glands can also be indicated by either unstimulated whole 
sialometry or by x-ray sialography or scintigraphy (item V). However, the involvement 
and structure of major salivary glands can also be demonstrated by biopsy or by modern 
non-invasive radiological methods, such as US, MR imaging, MR sialography, and 
computed tomography (CT). During the past 3 decades, major salivary gland biopsy has 
been replaced almost completely by minor salivary gland biopsy for fear of complications 
associated with the former. The role of modern non-invasive radiological methods in the 
diagnostics of SS is still open, though their availability and capability to visualize 
glandular structure have increased significantly in the past few years. The comparison of 
the diagnostic value of various methods is difficult, because of the rapidly improving 
technique and equipment and the different gold standards and classification criteria used 
in various studies. 

2.5.1  Minor salivary gland biopsy 

Focus score. The grading of labial salivary gland findings for the diagnostics of SS was 
developed in the 1960s and 1970s (33,34,41,44). It is based on lymphocyte infiltration of 
the gland. Mild diffuse infiltration is considered quite a nonspecific and focal 
accumulations of large groups of mononuclear cells a more specific finding. An aggregate 
of at least 50 mononuclear cells is a focus (41), and focus score is the number of foci per 
4 mm2 (44). Focus score is considered the most accurate finding for SS in minor salivary 
gland biopsy (24,53,54), though it is somewhat unspecific and unsensitive. Lymphocytic 
foci can be found in up to 15% of healthy controls' salivary glands, and their incidence 
increases with advancing age (55,56,57), and foci have also been described in other 
diseases, such as myasthenia gravis (58). Further, foci may not be found in all labial 
glands of SS patients because of the focal nature of the disease, which is a problem 
especially with small biopsies and in the early stages of the disease (34,56). Tobacco 
smoking may also cause false negative finding (59). However, in another study with 
healthy subjects, smoking did not correlate with the focus score (57). When assessed in 
connection with the validation process of the European classification criteria, the 
sensitivity and specificity of focus score ≥ 1 were 82% and 86%, respectively (60). 

Other findings. There is no consensus of opinions on the significance of other salivary 
gland findings. Acinar atrophy, periductal fibrosis, and fatty degeneration, usually 
combined with lymphocyte infiltration, have been considered nonspecific findings 
(24,34,55,61,62), although such a finding with focal sialadenitis has also been suggested 
to be a sign of advanced disease (2,30,33,63,64), and acinar atrophy to be a consequence 
of lymphocyte infiltration (2,30). According to the International criteria, to be diagnostic, 
the foci must be located adjacent to normal-appearing acini (53). Daniels & Witcher also 
suggested in 1994 that the lobules with lymphocyte infiltration should show no ductal 
dilatation or fibrosis (54). 

Ductal findings, such as dilatations, ductal wall thickening, thinning, and oncocytic 
changes, have been suggested to be unspecific, since they can be found without heavy 
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lymphoid cell infiltration (24,33,34) and in healthy controls (55). On the other hand, 
ductal changes have been described as one of the main findings of the exocrine glands in 
SS with good diagnostic value and as a preliminary stage leading to the formation of 
typical epimyoepithelial cell islands and cystic structures (2,24,30,33,65).  

The different histological appearances in salivary gland biopsies have been proposed 
to represent either different stages of the evolution of the same pathological process or 
discrete pathological entities leading to a common sicca syndrome (2). 

Associations. Minor salivary gland changes have been shown to be associated with the 
presence of anti-Ro/SSA and anti-La/SSB antibodies (38,66-69), hypergamma-
globulinemia (70), and saliva secretion (12,24,34), though the latter association has not 
been confirmed in a few more recent studies (14,70,71,72). 

Complications. Labial gland biopsy is an invasive operation with inconvenience and a 
risk for complications to the patient. Local sensory loss has been described in up to 4 % 
of labial biopsies, and mild inconvenience is common for a few days after the operation, 
including local soreness, pain, swelling, or cutaneous echymoses at the biopsy site 
(24,39). The number of complications has decreased with the newer, less traumatic 
techniques (73). 

2.5.2  Major salivary gland biopsy 

Minor salivary gland biopsy has almost completely replaced major salivary gland biopsy 
in the diagnosis of SS, since it is considered reliable (24) and does not include the risks 
possibly associated with major salivary gland biopsies, such as scarring, fistula 
formation, or facial nerve damage (34). Goh and colleagues (74) described complications 
in 4.3% of patients with submandibular biopsies, but no complications have been 
described in several other studies with 4 to 105 patients per study (38,39,40,65,71,75).  

When comparing major and minor salivary gland biopsies in the diagnostics of SS, 
parotid and sublingual biopsies seem more sensitive than labial biopsies (39,65,75,76), 
although an opposite report also exists (38). More abundant lymphocyte infiltration has 
been noted in submandibular (77) and lacrimal glands (71) compared with labial glands. 
There are no studies comparing the specificity of biopsies of different glands, but 
lymphocyte foci have been described in healthy controls' labial glands (56,57) and also in 
lacrimal and submadibular glands post mortem (78).  

2.5.3  X-ray sialography 

The first imaging method considered useful in the evaluation of the structure of salivary 
glands in SS was X-ray sialography, which can demonstrate sialectasies and the contour 
of the ductal system (11). The findings in SS patients' parotid glands have been 
traditionally classified according to the combination of the size of the sialectasies and the 
ductal system changes, though their correlation with each other is quite poor (11,79,80). 
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The classification in the filling phase is as follows: 1. Punctate: punctate ectasies less 
than 1 mm in diameter, normal main duct, decrease in the number and narrowing of the 
intraglandular ducts; 2. Globular: globules of contrast material 1 to 2 mm in diameter, 
main duct normal, intraglandular duct division invisible; 3. Cavitary: coalescence of the 
globules, which become irregular in size and distribution, and decrease in number; 4. 
Destructive: destruction of the gland parenchyma, marked dilatation of the main duct 
(11). 

The diagnostic sensitivity of sialography has ranged from 66% to 87% in patients with 
suspected SS (80,81,82), while sialectasies or ductal dilatations have been reported in up 
to 30% to 40% of symptomatic controls (82,83). These findings have been proposed to 
reflect complications of secondary inflammation rather than the specific pathology of SS 
(79,84). However, the observer's experience may also be crucial to the results. In 2002, 
Kalk and coworkers (82) showed the sensitivity and specificity of sialography to be 95% 
and 33%, respectively, for trainees, while the results of experts were 87% and 84%, 
respectively, on the same images. In the validation process of the European classification 
criteria, the sensitivity and specificity of x-ray sialography were 72% and 92%, 
respectively (52).  

The association of sialographic stages with histopathologic findings has been a matter 
of controversy. Though sialographic findings of parotid glands have not always been 
found to be related to the histopathology of the same gland (2) or labial gland findings 
(31), contradictory evidence also exists (85). Sialographic stages have been found to be 
related to labial biopsy findings (85), anti-Ro/SSA antibodies (81), and the duration of 
oral symptoms (82). 

Complications. X-ray sialography can be performed with either water- or oil-soluble 
contrast media. Oil-soluble contrast medium is considered more reliable, but it may also 
cause more complications (11,80,82). Especially, if overfilling and retention of contrast 
medium occurs, the possible complications include pain, inflammation, pathological 
changes, and obliteration of the ducts. Foreign body reaction and focal necrosis are also 
possible as well as failure of cannulation, infection, and contrast medium reaction 
(11,80,86,87,88). Contrast medium has also been shown to penetrate into the glandular 
tissue through ductal walls and acini in diseased glands (31,79,84). Moreover, acute 
inflammation is a contraindication for x-ray sialography. On the other hand, a recent 
study on 100 parotid x-ray sialograms did not report any complications (82). 

2.5.4  Scintigraphy 

Scintigraphy performed with intravenous 99mTechnetium sodium pertechnetate has been 
used to examine salivary glands since the 1970s (89). The uptake, concentration, and 
secretion phases in salivary glands can be analyzed either qualitatively or quantitatively. 
The estimations of the sensitivity of scintigraphy vary from 73% to 85% (89,90,91) in 
patients with clinical diagnosis of SS, while specificity has been poor in a large number 
of studies (89,90,92-95). De Jager and co-workers (1984) concluded that scintigraphy is 
not able to differentiate between patients and controls (96). There is some evidence that 



 24

changes in submandibular glands may be better able to differentiate SS patients from 
controls than changes in parotid glands (94,97). In the validation process of the European 
classification criteria, the sensitivity and specificity of scintigraphy were 82% and 62%, 
respectively (52). Scintigraphy findings have been shown to be related to parotid and 
lacrimal flow rates (89,94,95,97), sialography (89,95), and focus score (95,97). 

2.5.5  Computed tomography (CT) 

As CT has low contrast resolution in soft tissues, it has not been considered the first 
choice in the examination of salivary glands (26). There is little experience of CT in the 
examination of SS patients. Heterogeneous parenchyma of salivary glands has been 
described (92,98), and in 1988, de Clerck and colleagues concluded that plain CT failed 
to differentiate patients from controls (83). Good results have been obtained in imaging 
salivary glands by newer CT methods (99), but there are no studies on patients with SS. 

2.5.6  Ultrasonography (US) 

US findings of salivary glands in SS were first described in the late 1980s (83,100). Since 
that time, several controlled studies assessing parotid and submandibular glands in SS 
have been conducted. The equipment applied in these studies has markedly improved, 
providing better resolution during the years.  

Findings in SS. Normal salivary gland parenchyma has homogeneous appearance and 
is hyperechoic relative to the surrounding muscles. Sometimes, small normal hypoechoic 
lymph nodes can be demonstrated (83,101,102). The most typical finding of salivary 
glands in SS is parenchymal inhomogeneity (PIH) (100,102-109), which can be graded as 
mild (hypoechoic areas < 2 mm), evident (hypoechoic areas 2-6 mm), or gross PIH 
(hypoechoic areas > 6 mm in diameter) (104).  

Other characteristics that have been observed, but have not been comparable to PIH 
with regard to their diagnostic value, are qualitatively or quantitatively assessed 
echogenicity of the parenchyma (83,110,111), the size of the gland (101-104,107), the 
visibility of the posterior border of the submandibular gland (104,107), hyperechoic 
bands (105,107,111), dilated main duct (101), presence of lymph nodes (104), and 
hypoechoic septa (112). In addition to parotid glands, submandibular glands have also 
been examined with contradictory results on diagnostic accuracy compared to parotids 
(83,103,104,107).  

Correlation with histopathology. Based on a comparison of US findings with the 
histological appearance of the same gland, mild PIH with small hypoechoic areas on US 
seems to correspond to focal periductal lymphocyte aggregations and intraglandular 
dilated ducts, while larger hypoechoic or anechoic areas, cysts and cavities, may 
represent enlarged parotid lobules, where normal glandular tissue is replaced by 
lymphocyte infiltration, epimyoepithelial islands, or dilated ducts surrounded by dense 
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lymphocyte infiltration (100,101). Hyperechoic bands seem to correspond to interlobular 
fibrous tissue (101,102).  

Diagnostic accuracy. The diagnostic sensitivity and specificity of US findings have 
been examined in several studies by comparing SS patients with both healthy and 
symptomatic controls with sicca symptoms or salivary gland swellings, or with controls 
who have a disease other than SS that may affect salivary glands. Several different 
classification criteria and variable gold standards have been used in these studies (Table 
2). In the earlier studies, the sensitivity of US to detect changes suggestive of SS varied 
from 47% to 89% (103,104,105), and specificity from 82% to 85% (104,105), but mild 
PIH was regarded an unspecific finding in these studies. In more recent studies with 
newer equipment and patients selected by the European classification criteria, sensitivity 
has ranged from 76% to 87% (107,108,109), and specificity from 83% to 84% (107,109). 
Makula and colleagues reported 8% false positive findings (108). Some of the studies 
have concluded that chronic non-specific sialadenitis is difficult or impossible to 
differentiate from SS by US (102,104,105,111). 

Table 2. Summary of studies on ultrasonography of salivary glands in Sjögren's 
syndrome. 

Reference Patients and controls Registered 
findings 

Results and conclusions 

Bradus et al 1988 
(100) 

6 SS 1 Cystic structures 
in the glandular 
parenchyma 

Cystic changes may be the rule in 
uncomplicated SS 

de Clerck et al 1988 
(83) 

15 pSS, 4 sSS 2 
33 controls 3 

Decreased 
glandular 
echogenicity 

US can be useful in investigation of sicca 
symptoms 

Kawamura et al 
1990 (103) 

15 pSS, 9 sSS 4 
23 5, 7 6 controls 

Heterogenous 
pattern of 
parenchyma, echo 
intensity 

Sensitivity 88% 
May be useful in diagnostics of SS 

Corthouts et al 1991 
(110) 

16 SS 2 
33 controls 6 

Decreased 
echogenicity 

Good correlation, better specificity, and 
poorer sensitivity compared to x-ray 
sialography 
Can be useful in the diagnostics of SS 

de Vita et al 1992 
(104) 

27 pSS, 13 sSS 7 
64 5, 26 3,6 controls 

PIH grades  
(mild, evident, 
and gross) 

Sensitivity 89%, specificity 85% 
Mild PIH unspecific 

Takashima et al 
1992 (101) 

17 pSS, 13 sSS 4 
10 controls 5 

PIH grades, 
hypoechoic areas 

Poor correlation with x-ray sialography 
Cannot discriminate SS from chronic 
sialadenitis 
Useful in follow-up 



 26

 
Table 2. Continued. 
Reference Patients and controls Registered 

findings 
Results and conclusions 

Makula et al 1996 
(102) 

53 pSS, 9 probable pSS 8 
19 5, 44 6, 6 9 controls 

PIH grades Good correlation with x-ray sialography, 
scintigraphy and focus score 
Sensitivity 91%, specificity 94% 
Evident and gross PIH diagnostic, mild 
PIH suggestive of SS 

Ariji et al 1996 
(111) 

25 pSS, 19 probable pSS 1 
83 5, 17 6 controls 

Quantitative 
analysis of 
echolevels, 
hypoechoic foci 

Good correlation with x-ray sialography 
Diagnostic accuracy 97% 
Useful in diagnostics, but does not 
discriminate SS from chronic sialadenitis 

Youshiura et al 
1997 (105) 

24 pSS 4 
22 5, 19 6 controls 

Heterogenous 
hypoechogenicity, 
echo intensity 

Poorer diagnostic accuracy compared to 
x-ray sialography 
Sensitivity 47%, specificity 82%, 
accuracy 63% 
Useful in diagnostics in advanced stages 

Salaffi et al 2000 
(107) 

30 pSS 8 
30 controls 3,6 

PIH grades, size 
of the gland, 
posterior border of 
submandibular 
gland 

Good correlation with focus score 
Sensitivity 77%, specificity 83% 
Can replace other methods in diagnostics 
of SS 

Makula et al 2000 
(108) 

44 pSS 8 
14 5, 11 3, 27 6 controls 

PIH grades Sensitivity 87%, false positive 8% 
Mild PIH unspecific 
Useful first-line method when assessing 
salivary glands in SS 

Yonetsu et al 2002 
(109) 

171 pSS 8 
123 3 controls 

PIH grades Sensitivity 76%, specificity 94%, 
diagnostic accuracy 84% 
As good as x-ray sialography in 
diagnostics of SS 

Abbreviations: SS = Sjögren's syndrome, pSS = primary Sjögren's syndrome, sSS = secondary Sjögren's 
syndrome, US = ultrasonography, PIH = parenchymal inhomogeneity 1Clinical diagnosis, no common 
classification criteria used 2Classification criteria proposed by Fox (47) 3Symptomatic controls (sicca 
symptoms or salivary gland swellings without SS) 4Japanese classification criteria (50) 5Healthy controls 
6Controls having a disease other than SS possibly affecting salivary glands 7Copenhagen classification criteria 
(48) 8European classification criteria (51) 8Controls with a disease probably not affecting salivary glands 

Associations with other diagnostic methods. When US is compared with other diagnostic 
methods, the results are contradictory. No association has been found between US 
findings and salivary flow (107), but US results have been shown to correlate with x-ray 
sialography and labial gland biopsy findings (83,102), anti-Ro/SSA and anti-La/SSB 
positivity, and hypergammaglobulinemia (102,108), although there is also evidence 
suggesting a lack of correlation between US and sialographic findings (101). X-ray 
sialography seems to have better diagnostic accuracy compared to US (101,103,105,109), 
but there are no comparisons with newer US equipment. 
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2.5.7  Magnetic resonance (MR) imaging 

MR imaging has high-contrast resolution of soft tissues, and it is thus a good choice for 
the examination of salivary glands (26). Since the beginning of the 1990s, a few reports 
with a small number of patients have been published on MR imaging in the evaluation of 
salivary glands in primary SS. Salivary glands have been studied with T1- and T2-
weighted images, of which T2 has been shown to have better accuracy (114,115). 
Intravenous contrast media have also been used, but with no further information (13,63). 
The examinations have been carried out with 0.5 to 1.5 Tesla MR imagers and with head 
or neck coils. Parotid gland is the most commonly examined salivary gland, with one 
report of each of the following: submandibular (64), sublingual (116), and lacrimal gland 
(117). Since the first studies in SS patients, the capability of MR imaging to yield more 
definitive data of the glandular morphological changes in salivary glands has markedly 
increased due to the rapid technical development, which yields better resolution.   

Findings in SS. Normal salivary gland appears homogeneous an has higher signal 
intensity compared to skeletal muscle (114). The most characteristic finding in SS is the 
heterogeneous parenchyma of glands (13,63,108,115). Parenchymal changes have been 
graded based on the nodularity of the parenchyma as normal, fine reticular, small nodular, 
medium nodular, and coarse nodular (13). Some patients have a characteristic glandular 
pattern with gross fat degeneration and hardly any parenchyma left in their glands. This 
fibroadipose degeneration has been suggested either to be nonspecific or to form a stage 
of its own (63,64,118). The quantitative assessment of the signal intensity of parenchymal 
tissue and its ratio to skeletal muscle have also been shown to differentiate between 
patients and controls (64,118). The other findings, which have been without diagnostic 
significance, are the differences in the size of the gland and lymph nodes (13). 
Abnormalities analogous to parotids have been found in submandibular and sublingual 
glands (64,116). Sublingual glands seem less severely affected compared to parotid and 
submandibular glands (116).  

Correlation with histopathology. The nodular appearance with hypo- and hyperintense 
foci is proposed to reflect focal lymphocyte aggregates with increased interlobular 
fibrosis, fat, and dilated intralobular ducts, while greater nodules may represent enlarged 
lobules where parenchymal tissue is replaced by lymphocytic infiltrates and dilated ducts, 
but there is not much data on the histologic correspondence (31,114,118). 

Diagnostic accuracy. The diagnostic accuracy of MR imaging has been evaluated in 
studies comparing SS patients with both healthy and symptomatic controls. Several 
classification criteria have been used in these studies (Table 3.). The first study that 
reported the sensitivity of MR imaging in SS revealed abnormalities in 71% of SS 
patients (63). A more recent study reported sensitivities of 82% or 100%, depending on 
the grade of the finding regarded as a sign of SS (108). Specificity has varied between 
88% and 100% (13,63,108,115), although a diffuse unhomogeneous, or a fine reticular, 
finding has been considered nonspecific in some of the studies (13,108,114).  

MR imaging is considered the method of choice if a salivary gland tumor is suspected 
in SS because of its capability to depict the full extent of the tumor and to demonstrate 
relationships with the adjacent anatomic compartments (26,31,119). Salivary gland 
lymphoma in SS has been described to be homogeneous, hypointense in T1- and 
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hyperintense in T2-weighted images, and with well-defined margins (119). Though MR 
images may not distinguish between benign lymphatic lesions and malignant lymphoma, 
they show the preferable site for biopsy (26,119). 

Table 3. Summary of studies on magnetic resonance (MR) imaging and MR sialography 
of salivary glands in Sjögren's syndrome. 

Reference Patients and controls Registered findings Results and conclusions 
Takashima et al 
1991(114) 
(MR imaging) 

5 pSS, 8 sSS 1 
10 controls 2  

Heterogeneous 
parenchyma with hypo- 
and hyperintense foci, 
intensity ratio 

Poor sensitivity 
Suggestive for diagnosis of SS 

Späth et al 1991 (13) 
(MR imaging) 

24 pSS, 6 sSS, 
6 susp. SS 1 
40 2, 40 3 controls 

PIH grades 
 (fine reticular, small 
nodular, medium 
nodular, and coarse 
nodular) 

Poor correlation with saliva excretion 
and focus score 
Specificity 100%, sensitivity better than 
in other imaging methods 
Accurate method for assessing salivary 
glands in SS 

Valesini et al 1994 
(63) 
(MR imaging) 

15 pSS, 2 sSS, 
6 susp. SS 1 

10 controls 4 

PIH grades, fibroadipose 
degeneration 

Poor correlation with focus score 
Specificity 100%, sensitivity 71%, PPV 
100%, NPV 55% 
Useful in diagnostics 

Vogl et al 1996 
(115) 
(MR imaging) 

24 pSS, 6 sSS, 
3 susp. SS 5 
25 controls 4 

PIH grades, fibroadipose 
degeneration, signal 
intensity 

True positive 86%, false positive 7%, 
false negative 3% 
Could replace invasive examinations in 
the diagnostics of SS 

Izumi et al 1996 
(118) 
(MR imaging) 

16 pSS, 12 sSS, 
12 probable SS 5 
30 2, 10 3 controls 

Parenchymal 
heterogenicity, signal 
intensity 

Good correlation with x-ray sialography 
and focus score 
Could replace classical methods in the 
diagnostics of SS 

Makula et al 2000 
(108) 
(MR imaging) 

44 pSS 6 
14 2, 27 3, 11 7 
controls 

PIH grades Focus score as gold standard, all grades 
of PIH regarded as positive: sensitivity 
100%, specificity 40%; grades 2-3 
regarded as positive: sensitivity 82%, 
specificity 100%  
MR imaging and US are useful and 
equally good in the diagnostics of SS 
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Table 3. Continued. 
Reference Patients and 

controls 
Registered findings Results and conclusions 

Tonami et al 1998 
(122) 
(MR sialography) 

43 pSS, 8 sSS 8 
5 controls 2 

Stages as in 
conventional x-ray 
sialography staging by 
Rubin & Holt (11) 

High correlation with x-ray sialography and 
focus score 
Could replace x-ray sialography 

Ohbayashi 1998 
(123) 
(MR sialography) 

35 SS 1 -"- X-ray sialography used as gold standard: 
specificity 100%, sensitivity 100% 
Highly useful in the diagnostics of salivary 
gland disease in SS 

Tonami et al 2001 
(124) 
(MR sialography) 

80 pSS, 
130 susp. SS 9 

-"- Better diagnostic accuracy (83%) compared to 
scintigraphy (72%), PPV 100%, NPV 69% 
MR sialography is the most preferable method 
for the diagnostics of SS 

Abbreviations: pSS = primary Sjögren's syndrome, sSS = secondary Sjögren's syndrome, PIH = parenchymal 
inhomogeneity, susp. SS = clinically suspected SS (sicca symptoms or salivary gland swellings, but diagnosis 
of SS or any other reason for the symptoms could not be confirmed), PPV = positive predictive value, NPV = 
negative predictive value, US = ultrasonography 1Clinical diagnosis, no common classification criteria used 
2Healthy controls 3Controls having a disease other than SS possibly affecting salivary glands 4Controls with a 
disease probably not affecting salivary glands 5Classification criteria proposed by Fox (47) 6European 
classification criteria (51) 7Symptomatic controls (sicca symptoms or salivary gland swellings without SS) 
8Japanese classification criteria (50) 9Diagnosis based on the histological appearance of minor salivary gland 
biopsy 

Associations with other diagnostic methods. The MR imaging findings of SS patients 
have been found to be related to the presence of anti-Ro/SSA antibodies and 
hypergammaglobulinemia (13,108,115) as well as to pathology on US (108) and x-ray 
sialography (118) findings. Makula and co-workers (108) reported equal accuracy 
between US and MR imaging in the diagnostics of SS. The relationship between MR 
imaging and focus score has been a matter of controversy (13,63,118), and there is some 
evidence that MR imaging findings are not associated with saliva secretion (13). Adipose 
degeneration of the gland has been associated with higher grades of sialography and 
focus scores, and decreased saliva secretion (63,64,118), but it is also associated with 
increasing age (64) and hyperlipidemia (120,121). 

2.5.8  MR sialography 

MR sialography is a modification of MR imaging, in which the patient's own saliva 
functions as contrast medium in the ductal system. The main duct and the primary 
branches can be well visualized by MR sialography with modern equipment, but the more 
peripheral branches are usually less visible in MR sialography than in x-ray sialography 
(122,123,125,126,127). MR sialography reveals the ductal system in its physiological 
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state without artificial enlargement or extravasation caused by the contrast medium 
injection, and it also enables visualization of the peripheral portion of the ductal system 
in cases of obstruction and incomplete filling with external contrast medium (84,128).  

The first preliminary reports of MR sialography in examining the salivary glands of 
SS patients were published in late 1990s (Table 3.). The findings on MR sialography 
were graded according to the conventional staging system of x-ray sialography (11) in 
these studies. In one report, MR sialography was shown to have a strong relationship with 
x-ray sialography, the agreement between the stages being 83%, and both sensitivity and 
specificity being 100%, when x-ray sialography was considered the gold standard (123). 
Compared with scintigraphy, MR sialography has had better specificity (100% vs. 50%), 
but poorer sensitivity (73% vs. 83%)(124), and an association has been found between 
MR sialography and focus score (122), with one report of each finding.  

2.6  Autonomic nervous system dysfunction 

Autonomic nervous system supplies and influences virtually every organ in the body. Its 
effective component consists of two major divisions, the sympathetic and the 
parasympathetic, which are regulated by a network of central autonomic nuclei and 
negative feedback regulation. Both divisions are tonically active and operate in 
conjunction with each other and the somatic motor system. The balance of activity 
between these two divisions helps to maintain homeostasis in the body exposed to 
changing external conditions. The autonomic reflex arc consists of sensory afferent 
nerves, coordinating central nuclei in the hypothalamus, midbrain and brainstem, and 
efferent pre- and post-ganglionic nerves leading to the target organ receptors. The 
sympathetic and parasympathetic divisions innervate cardiac muscle, smooth muscle, and 
glandular tissue and mediate a variety of visceral reflexes modulating the physical 
function of the main organ systems and exocrine glands. (15,129) 

Autonomic disorders can be either localized or widespread, primary of unknown 
etiology or secondary to a variety of factors, such as diabetes mellitus, inflammatory and 
infectious conditions, connective tissue diseases, including rheumatoid arthritis, systemic 
lupus erythematosus, and systemic sclerosis, and several drugs (129,130,131). Clinical 
manifestations vary considerably, depending on the primary disorder. They may be 
derived from cardiovascular, sudomotor, gastrointestinal, ocular, respiratory, or urogenital 
systems and may include cerebellar or pyramidal features. Signs of several organ systems 
are frequently found to co-occur (132-135). The possible symptoms are postural 
hypotension, anhidrosis, heat intolerance, constipation, diarrhea, oropharyngeal 
dysphagia, anisocoria, Horner's syndrome, stridor, inspiratory gasps, apneic episodes, 
erectile or ejaculatory failure in male, nocturia, retention, or incontinence (129,131). 
Decreased saliva and tear secretions may also be detected (136). Autonomic dysfunction 
has been shown to be associated with increased all-cause mortality and, more closely, 
with cardiovascular and cerebrovascular mortality in various populations, including 
patients with diabetes (17,137,138) and myocardial infarction (139,140), the elderly 
(141), and the general population (142). 
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2.7  Assessment of autonomic function 

2.7.1  General  

Symptoms of autonomic nervous system dysfunction are nonspecific and start 
insidiously. Diagnosis is difficult or impossible on the basis of symptoms only. 
Examination of the autonomic nervous system is based on the evaluation of autonomic 
reflexes. Most of the data are derived from research on diabetic autonomic neuropathy 
(17,143,144). There are numerous non-invasive and invasive tests to assess autonomic 
functions. Indirect methods are normally used, and there are many factors confounding 
the interpretation of a test. Inter-individual as well as intra-individual variation in the 
results is marked and most of the tests are poorly standardized (145-148). Further, tests 
are nonspecific and unable to recognize the exact site of the dysfunction in the reflex arc 
or at the target organ response mediated by the receptor, post-receptional signaling, and 
the cell response. Many tests are also complicated, time-consuming, and unsuitable for 
routine use (131,145,148).  

Clinically, cardiovascular tests are the most widely used and accepted indicators of 
autonomic neuropathy (149,150,151). Cardiovascular autonomic function can be 
examined with conventional reflex tests, such as the Valsalva maneuver, deep breathing 
test, orthostatic test, and sustained hand grip, or baroreflex sensitivity test with vasoactive 
agents and measurement of heart rate variability (HRV) (150,152,153). Other widely used 
methods, which are included in the recommendation of feasible tests for the screening of 
diabetic autonomic function, combined with cardiovascular tests, are tests of pupillary 
responses and sudomotor control, including thermally or chemically induced sweating or 
a quantitative sudomotor axon reflex test (149,154). There are also several other methods 
with variable standardization, such as, biochemical tests measuring plasma and urine 
catecholamines and metabolites, intra-neural recording of sympathetic activity, and 
passage examinations and manometry of the gastrointestinal canal (131).  

2.7.2  Cardiovascular reflex tests 

Cardiovascular reflex tests were developed for clinical use in the 1970s to diagnose 
diabetic autonomic neuropathy (152,155,156). Cardiovascular reflex tests assess mainly 
the function of the baroreflex system maintaining cardiovascular homeostasis during 
short-term alterations in blood pressure by measuring the changes of blood pressure and 
heart rate in response to physical stimuli (153). Today, blood pressure can be accurately 
measured non-invasively with Finapres finger cuff measurement based on the volume 
clamp method with infrared photoplethysmography, which provides beat-to-beat changes 
for computerized analysis (157). Usually, the tests are repeated and a mean value is 
considered as the result of the test. A battery of three to five tests should be used, because 
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the interpretation of a single test is difficult due to inadequate sensitivity and specificity 
(144,145,158).  

Despite rigorous standardization, there are many confounding factors modifying the 
test results. The subject's response to a stimulus in a test depends upon a large number of 
individual factors, including age, gender, body mass index, race, pregnancy, consumption 
of tobacco and alcohol, and food intake prior to the test, excitement, stress, familiarity 
with the test, and motivation (144,145,159,160). The diagnostic accuracy of the 
conventional reflex tests decreases with increasing age (146,147,161). Some of the tests 
are not feasible in patients older than 50 years in spite of the age-related reference values 
(158). Centers have been recommended to create their own reference values, in order to 
minimize the confounding effects of local circumstances: equipment, testing and 
recording protocols followed, computer facilities, and special laboratory facilities, such 
as room temperature, during the tests (131,145,158). 

2.7.2.1  Valsalva maneuver 

To perform the Valsalva maneuver, the subject blows against a resistance for 10 to 15 
seconds (152,162). Normally, with a rise of intra-thoracic pressure, venous return falls 
along with blood pressure, leading to reflex tachycardia due to vagal withdrawal and 
sympathetic activity. After the release of intra-thoracic pressure, a rebound overshoot 
blood pressure rise occurs because of persistent sympathetic outflow. The following 
baroreflex activation then results in a secondary fall in heart rate. (143,145,162) The 
changes of blood pressure and heart rate are measured. The result is usually expressed as 
a Valsalva ratio, which is the ratio of the longest R-R interval after the blow to the 
shortest R-R interval during the blow (162). The Valsalva ratio expresses mainly the 
parasympathetic function, though sympathetic activity co-stimulates the heart rate rise 
during the blow (145,147). 

2.7.2.2  Deep breathing test 

In the deep breathing test, the subject takes maximal breaths at a stable rate, usually 6 
breaths per minute, in order to induce maximal heart rate changes between inspirations 
and expirations (137,155). The mean difference and ratio between the shortest and 
longest R-R intervals during each respiratory cycle is calculated. The heart rate change in 
the deep breathing test can be prevented by atropine, and the test is considered to measure 
parasympathetic function (137,143). The heart rate response to deep breathing is regarded 
as the single most sensitive and reproducible test among the traditional cardiovascular 
reflex tests (137). 
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2.7.2.3  Orthostatic test 

The subject first lies down to stabilize his/her blood pressure before postural change, 
which is induced either actively by making the subject stand up or passively using a tilt 
table (163). After standing up, the blood pressure tends to fall, and sympathetic activity 
and vagal withdrawal lead to a rise in heart rate and blood pressure. The following vagal 
reflex overshoot leads to relative bradycardia. (143,145) The heart rate changes during 
standing can be assessed against the 30/15 ratio. On standing, the normal rise in heart rate 
is usually maximal at about the 15th beat, followed by slowing, which is most obvious at 
about the 30th beat (143). The blood pressure response to standing up is taken to be the 
difference between the measurements made while lying down and after one minute of 
standing up (143). The relative overshoot bradycardia response is mediated by the vagus 
nerve, and the blood pressure response by sympathetic nerves, with orthostatic 
hypotension reflecting the sympathetic impairment (143,145). 

2.7.2.4  Baroreflex sensitivity test with phenylephrine 

In addition to conventional, physically provoked reflex tests, baroreflexes can be assessed 
with the help of vasoactive agents (153), such as phenylephrine, which is an alpha 
adrenergic agonist that does not affect heart rate directly (164). Baroreflex sensitivity can 
be calculated by measuring the changes in R-R intervals (in ms) against the concomitant 
changes in blood pressure (in mmHg) achieved with phenylephrine (164). After a period 
of rest, with a stable heart rate and blood pressure, a bolus of phenylephrine is injected 
into a peripheral vein. Vasoconstriction induces a blood pressure rise, which is followed 
by reflex-mediated bradycardia. The changes in heart rate and blood pressure are 
recorded and a regression line calculated. The slope of the regression line represents 
baroreflex sensitivity, which is considered to reflect vagal reactivity. (138,153,164) 
However, sympathetic activity has also been related to baroreflex sensitivity (153,165).  

The baroreflex sensitivity test with phenylephrine has been considered the gold 
standard among reflex tests because of its good prognostic value in heart disease patients, 
better specificity, and more reliable standardization compared to conventional tests 
(138,145,166,167). Baroreflex sensitivity measurement with phenylephrine is an invasive 
examination, which restricts its use in large populations, although it is considered safe 
based on the experience from large studies with heart disease patients (138,166). About 
95% of subjects may have minor side-effects, such as transient headache and circumoral 
or facial paresthesia (138).  

2.7.3  Heart rate variability (HRV) 

Basis of the measurement of HRV. Heart rate variance in a healthy heart is caused by 
many factors, such as exercise and physical and mental stress. In addition, each cardiac 
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cycle, i.e. interval between sinus beats, varies periodically because of respiration, blood 
pressure regulation, thermoregulation, actions of the renin-angiotensin system, circadian 
rhythms, and other unknown factors. Such periodic rhythms are the predominant source 
of HRV. By using Holter recordings, these rhythms can be analyzed to provide a sensitive 
non-invasive measurement of autonomic input to the heart. (150,168) 

HRV analysis began to replace conventional reflex tests in cardiological research in 
the 1980s. In recent years, it has also been adopted into the investigation of other diseases 
because of its better sensitivity (149,169,170) and reproducibility (171,172) compared to 
reflex tests. HRV can be analyzed either on short-term (1- to 2-hour) or on 24-hour Holter 
recordings. Short HRV recordings have been shown to correlate with reflex tests 
(173,174), but the correlation has been poorer for 24-hour variables (175,176). This can 
be explained by the nature of these tests. While reflex tests reveal the function of the 
autonomic system in provoked situations, 24-h HRV represents mainly the tonic balance 
of autonomic modulation (150). Measures of 24-hour HRV have been shown to have 
better sensitivity, reproducibility, and prognostic value compared to measures from short-
term recordings (150,177). Further, 24-hour HRV is not dependent on the patient's co-
operation and does not involve any placebo effect on the results. It also allows better 
quantitative and qualitative evaluation of the components of the sympathovagal 
modulation of cardiovascular function compared to conventional tests 
(150,168,169,177,178). 

24-hour HRV has been shown to carry prognostic information in various populations, 
including patients with diabetes (174), myocardial infarction (138,139,140,166), and 
heart failure (179), and the elderly (141). Further, 2-hour HRV has also had prognostic 
value in a general population (142). HRV is influenced by many diseases and drugs. 
Coronary heart disease and hypertension may reduce HRV (180,181), while beta-blockers 
and angiotensin-converting enzyme antagonists may increase it (140,168,182). Gender 
also seems to have an effect on HRV, though the data on the effect have been somewhat 
conflicting (183,184).  

HRV measures. There are three approaches to quantify HRV: the time domain, 
frequency domain, and non-linear approaches, which are based on the analysis of inter-
beat intervals of normal beats determined from electrocardiography.  

The results of time domain analysis, such as the mean and standard deviation of all R-
R intervals, reveal the total amount of variability in heart rate, including fast and slow 
changes modulated by both the sympathetic and the parasympathetic nervous systems. 
(150,168,177)  

Frequency domain analysis yields quantitative information about the overall variance 
in heart rate resulting from periodic heart rate oscillations at various frequencies 
(frequency-specific oscillations). Four frequency bands can be considered: high (0.15 – 
0.4 Hz) frequency: 9 to 24 cycles per minute; low (0.04 – 0.15 Hz) frequency: 2.4 to 9 
cycles per minute; very-low (0.003 – 0.04 Hz) and ultra-low (< 0.003Hz) frequency: less 
than 2.4 cycles per minute. The high-frequency component is mainly parasympathetically 
mediated and represents primarily respiratory variation. The low-frequency power is 
modulated by both the sympathetic and the parasympathetic nervous systems and affected 
by the oscillatory rhythm of the baroreceptor system (178). The physiological correlates 
of the very-low and ultra-low-frequency components are still unknown, but they are 
thought to represent the influence of the thermoregulatory, peripheral vasomotor, 
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circadian, and renin-angiotensin systems and may be mediated mainly by vagal outflow. 
(150,168) 

The newer, less standardized, non-linear dynamic measures are based on the chaos 
theory and reflect the complex interactions of the multiple mechanisms in complicated 
real-life situations, such as hemodynamic, electrophysiological, humoral, autonomic, and 
CNS regulation that control heart beat. Approximate entropy (ApEn) and a short-term 
scaling exponent (α1) are the most often used non-linear measures. The former is a 
quantitative measure of the regularity, or complexity, of R-R interval data in the time 
series, and the latter represents the slope of the line, which relates fluctuation to window 
size or indicates the fractal-like behavior, or roughness, of the time series (150,185). 

2.8  Autonomic nervous system manifestations in primary SS 

2.8.1  Clinical picture of autonomic disorders 

The prevalence of autonomic impairment in primary SS is unknown, although symptoms 
have been described in connection with peripheral sensory neuropathy (132,186-194), 
and there is one report of patients with autonomic symptoms only (195). About 20 to 30 
% of SS patients with peripheral polyneuropathy have been found to have autonomic 
symptoms (132,192), and up to 87% of them have abnormalities in autonomic function 
tests in some series (194). However, Barendregt and co-workers (196) found no 
difference in autonomic tests between primary SS patients with or without sensory 
peripheral polyneuropathy. Patients with peripheral polyneuropathy and isolated sicca 
symptoms without systemic SS or anti-Ro/SSA or anti-La/SSB antibodies seem to have a 
higher incidence of autonomic dysfunction compared to those with systemic disease and 
anti-Ro/SSA positivity (186,194,197,198).  

The clinical symptoms that have been most frequently described in SS patients are 
orthostatic hypotension, tonic Adie's pupil, and hypo- or anhidrosis (132,186-194). There 
are also descriptions of esophageal dysfunction and urinary retention (191), fixed 
tachycardia (132), and obstipation (195) coexisting with the symptoms mentioned above. 
Usually, the symptoms have been quite severe and progressive (132,191,192,193,195). 
Glucocorticosteroids have relieved the symptoms in most patients, but objective test 
results may not have improved (193,195). A case of pandysautonomia was treated with 
intravenous immunoglobulin therapy with good results (199). 

Inflammatory process and vasculitis have been suggested as potential etiologies for 
autonomic impairment in SS. This is based on indirect data on the coexistence of 
vasculitic changes and autonomic symptoms with peripheral neuropathy in SS. Sural and 
cutaneous nerve biopsies of SS patients with peripheral neuropathy have revealed a loss 
of nerve fibers accompanied by vascular or perivascular mononuclear cell infiltration of 
endoneural or epineural small blood vessels (132,187,189,190), including 3 cases of 
necrotizing vasculitis (192,194). Also, a loss of nerve fibers with mononuclear cell 
infiltration has been demonstrated in dorsal root ganglia in some of these patients 
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(132,194). Inflammatory changes have also been found in autonomic ganglia and around 
nerve fibers in diabetic patients with autonomic disturbances (200). 

2.8.2  Autonomic function in tests  

Autonomic function in primary SS has been studied with conventional cardiovascular 
reflex tests (201-204), sudomotor (204,205) and pupillary (203) tests, and short-term 
HRV (206) with contradictory results: either parasympathetic dysfunction (201,203), both 
sympathetic and parasympathetic dysfunction (202,204), increased parasympathetic 
control (206), or no differences between patients and controls (203,207) have been 
reported. There are marked variations in the selection of patient and control groups, also 
various tests and different reference values have been used in these studies (Table 4). 

None of the studies have reported any relationship between the test results and the 
salivary or tear flow of the patients, and no association has been found between 
autonomic tests and scintigraphy (201) or disease duration (205).  
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Table 4. Summary of studies on the autonomic function of patients with primary Sjögren's 
syndrome compared to healthy controls. 

Reference Patients and controls Autonomic tests Results of patients  
Mandl et al 1997 (201) 19 patients1  

56 age-matched controls 
Deep breathing test 
Tilt test 

Parasympathetic 
dysfunction 

Andonopoulos et al 1998 
(202) 

32 patients1 
22 age and sex-matched 
controls 

Valsalva maneuver 
Deep breathing test 
Standing up test 
Sustained hand grip test 

Parasympathetic and 
sympathetic dysfunction 
in 88% of patients and 13 
% of controls 2 

Barendregt et al 1999 
(203) 

41 patients1 
33 age-matched controls3 

Valsalva maneuver 
Deep breathing test 
Tilt test 
Pupillography  

Parasympathetic 
dysfunction 2 
No differences between 
patients and controls by 
pupillography 

Tumiati et al 2000 (206) 16 patients1 
30 age-matched controls 

1-hour HRV 
(time and frequency 
domain measures) 

Parasympathetic control 
increased 

Kovacs et al 2000 (205) 22 patients1 
12 age and sex-matched 
controls 

Skin blood flow response 
to carbachol stimulus 

Lower response due to 
dysfunction at receptor or 
post-receptor level 

Mandl et al 2001 (204) 30 patients 1,4 
80 age-matched controls 

Deep breathing test 
Tilt test 
Finger skin blood flow 
response to cold stimulus 

Parasympathetic and 
sympathetic dysfunction 

Barendregt et al 2002 
(207) 

43 patients1 
30 sex-matched controls5 

Tilt test6   

(power spectral analysis of 
results) 

No unequivocal 
differences between 
patients and controls 

Abbreviations: HRV = heart rate variability 1European classification criteria (51) 2Not age-adjusted reference 
values 3Only pupillography was performed on controls 4Copenhagen classification criteria (48) 5From among 
the hospital and university staff 6Patients' blood pressure was measured invasively and controls' blood pressure 
with Finapress finger cuff 

2.9  Central nervous system (CNS) disorders in primary SS 

2.9.1   Prevalence 

The reported prevalence rates of CNS manifestations connected with primary SS show 
wide variation. While clinical CNS disease was reported in up to 28% of SS patients in a 
clinic of internal medicine (208), some investigators have not detected clinical CNS 
disease in their rheumatological and neurological patients at all (209). There are no 
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controlled studies, and some patient series have been selected on the basis of having a 
neurological or an inflammatory vascular disease (Table 5.). Several different criteria for 
diagnosing primary SS and defining neurological involvement have been used in these 
studies. Further, studies have been conducted in different units, including 
rheumatological, neurological, or internal medicine clinics, or in centers particularly 
interested in neurological complications of autoimmune diseases (212,213).  

Table 5. Summary of studies on the prevalence of central nervous system involvement in 
primary Sjögren's syndrome. 

References Number 
of patients 

CNS1 
symptoms 

Psychiatric  
symptoms 

Cognitive 
symptoms 

Additional information of patient 
characteristics and study clinic 

Stolze et al 1960 (210) 139 2 1,4 % 20 %  93% pSS, 7% sSS, Rheumatol. 
clinic 

Kaltreider et al 1969 (211) 109 2 1 %   pSS and sSS patients, 
Rheumatol. clinic 

Malinov et al 1985 (212) 40 2 40 %  20 % Patients with neuropsychiatric 
symptoms, Rheumatol. clinic3 

Molina et al 1985 (213) 50 2 48 % 52 % 24 %4 Patients with peripheral 
inflammatory vascular disease, 
Rheumatol. clinic 3 

Binder et al 1988 (214) 50 2 6 % 52 %4  Rheumatol. clinic 
Drosos et al 1989 (209) 52 2 0 %   Rheumatol., neurol., psych. clinic 
Mellgren et al 1989 (192) 33 2 6 %   Patients with peripheral nervous 

system symptoms, Rheumatol., 
neurol. clinic 

Andonopoulos et al 1990 (215) 63 2 1,5 % 77 %4  Rheumatol., neurol. clinic 
Hietaharju et al 1990 (216) 48 5 22 % 13 %  Rheumatol., neurol. clinic 
Markusse et al 1992 (217) 50 5 6% 3%  Rheumatol. clinic 
Manthorpe et al 1992 (218) 12 6 0% 50%  Rheumatol. clinic 
Moll et al 1993 (219) 45 7 9%   Rheumatol. clinic 
Moutsopoulos 1993 (19) 300 2 0.3 % 82 %8  Rheumatol., neurol. clinic 
Alexander 1993 (18) NR 2 20 - 25 %   Patients since 1981, Rheumatol. 

clinic 3 
Spezialetti et al 1993 (220) 125 2 59 %  69 %4 91 pSS and 34 sSS patients with 

CNS or inflammatory vascular 
disease, Rheumatol. clinic 3 
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Table 5. Continued. 
References Number 

of patients 
CNS1 

symptoms 
Psychiatric  
symptoms 

Cognitive 
symptoms 

Additional information of patient 
characteristics and study clinic 

Mauch et al 1994 (221) 20 2 30 %   Neurol. clinic 
Escudero et al 1995 (222) 48 5 23 % 29 %  Neurol. clinic 
Tajima et al 1997 (193) 21 5 14%   Rheumatol. clinic 
Govoni et al 1999 (223) 87 7 8 %   Rheumatol., neurol. clinic 
Coates et al 1999 (224) 30 7 7% 20%  Neurol. clinic 
Lafitte et al 2001 (208) 25 7 28 %   Int. Med. clinic 

Abbreviations: CNS = central nervous system, pSS = primary Sjögren's syndrome, sSS = secondary Sjögren's 
syndrome, Rheumatol. = rheumatological, neurol. = neurological, psych. = psychiatric , NR = not reported, Int. Med. 
= internal medicine 1Focal and/or diffuse central nervous system symptoms 2Clinical diagnosis, no specific 
classification criteria used 3 Tertiary center, including rheumatological, neurological, dermatological, psychiatric and 
clinical immunology departments 4Abnormality in neuropsychiatric or cognitive test 5Classification criteria proposed 
by Fox (47) 6Copenhagen classification criteria (48) 7European classification criteria (51) 8Neuropsychiatric and/or 
cognitive symptoms 

2.9.2  Symptoms 

The CNS manifestations described in primary SS are diverse and include focal and 
diffuse involvement of the brain and the spinal cord. Most frequently, the neurological 
complications are characterized by insidious onset, recurrent course, and often 
spontaneous recovery, but symptoms may also occur acutely or become chronic and 
cumulatively progressive (18,209,226,227). The focal symptoms may include motor 
and/or sensory disorders, aphasia, dysarthria, seizure disorders, visual loss, movement 
disorders, a brain stem syndrome, and a cerebellar syndrome, while the diffuse non-focal 
symptoms that have been described include acute or subacute encephalopathy, aseptic 
meningitis, cognitive dysfunction, dementia, and neuropsychiatric abnormalities 
(192,210-214,216,218,220,223,228,229). Spinal cord involvement may result in 
transverse myelitis, chronic progressive myelitis, a Brown-Sequard syndrome, 
neurogenic bladder, or lower motoneuron disease (18,212,213,221,227,228). Clinical 
neuropsychiatric symptoms and/or cognitive dysfunction have been described in 3% to 
20% of the patients (210,213,217,222), while abnormalities in specific tests have been 
observed in 20% - 60% of patients in various populations (212,213,216,220). The most 
common psychiatric symptoms are depression, anxiety, hypochondriasis, and hysteria, 
often connected with neurological dysfunction (210,213-216,222,230). The most 
frequently seen signs of cognitive dysfunction are concentration deficits, memory 
impairment, and attention deficits (212,221). Migraine has been reported in 15% to 52% 
of patients (219,222,231). Though the cognitive and psychiatric symptoms are usually 
clinically mild, they may have a strong influence on the quality of the patient's life and 
lead to impairment of daily living tasks and work ability (230). 
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2.9.3  Diagnosis 

The diagnosis of CNS disease in SS can be reliably set only after careful examinations to 
exclude other differential diagnostic diseases. The most commonly used examinations, 
such as brain MR imaging, cerebral angiography, electroencephalogram, or cerebral fluid 
analysis, are not specific or sensitive alone. 

Brain MR imaging scans made in cases with CNS symptoms in primary SS have most 
frequently shown small regions of increased signal intensity predominantly in subcortical 
and periventricular white matter in the frontal and parietal lobes and less commonly in 
deep white matter or in deep and cortical gray matter on T2-weighted images 
(218,222,223,232,233). In some patients, one or more larger (> 1 cm in diameter) lesions 
may also be seen (222,223,234). Such lesions are typically seen in primary CNS angiitis 

(235,236), but they are not specific and do not always have clinical relevance (218,224). 
These lesions are consistent with infarction, ischemia, edema, demyelination, 
periventricular gliosis, dilated perivascular spaces, atrophy, or no histopathological lesion 
in cerebral biopsy (18,237).  

The incidence of these lesions with increased signal intensity increases with age in the 
general population, but they are considered to be rare in healthy individuals less than 50 
years of age (18,237). Hyperintense lesions have been found in approximately 80% of SS 
patients with focal progressive neurologic dysfunction and in about 50% of patients with 
diffuse disease (18). Escudero and colleagues (222) found small hyperintense subcortical 
lesions in 51% of 48 primary SS patients with neurological symptoms and in 37% of age- 
and sex-matched controls from neurological or neuropsychiatric clinics. These findings 
are significantly more common in asymptomatic unselected primary SS patients than in 
healthy controls (224,238). Brain imaging may also show larger infarcts and cortical or 
cerebellar atrophy (18,233).  

High signal intensity areas and cord swelling on T2-weighted images have also been 
demonstrated in the cervical, thoracal, and lumbar spine as well as on the conus 
medullaris and cauda equina (239,240,241). Spinal abnormalities have been shown to 
have a good correlation with the extent and distribution of symptoms (240).  

CT. A brain CT scan is less sensitive than a MR imaging scan, though it may show 
larger infarcts and hemorrhages (18,222,242). Further, contrast enhancement of 
leptomeninges, non-enhancing lucencies, and cortical atrophy have been found in less 
than 20% of SS patients with CNS symptoms on CT scans (226,228).  

Cerebral angiography. In highly selected cases of CNS involvement in SS, 
angiography has revealed abnormalities in small and medium-sized cerebral arteries, such 
as narrowing, dilatation, or occlusion of the vessels, delayed emptying, or anastomotic 
channels, in approximately 20% of patients (18,243). These changes are consistent with, 
but not diagnostic of angiitis. In patients with pathologically defined CNS angiitis, the 
sensitivity of angiography has been 60% to 85% (235,236) and specificity 26% (236). 
Normal brain MRI and angiography do not exclude active CNS disease in SS (18,229).  

SPECT. There are some preliminary experiences of single-photon emission computed 
tomography (SPECT) in the examination of CNS disease in SS. It has shown cortical and 
basal areas of hypoperfusion localized predominantly in the frontal and parietal regions 
both in symptomatic and asymptomatic patients (223,244,245). In one report these areas 



 41

did not coincide with the areas affected on MR images (223), but in another they 
correlated with the abnormalities seen in neuropsychiatric tests (241). 

Cerebrospinal fluid analysis. Cerebrospinal fluid analysis of SS patients with CNS 
disorder reflects involvement of the leptomeninges. The value for total protein is usually 
normal or mildly elevated, though it may occasionally be significantly elevated 

(212,216,226,227,229). One or more immunoglobulin G oligoclonal bands can be 
detected in electrophoresis (18,212,223,229). The IgG index, which is indicative of 
intrathecal synthesis of IgG, is elevated in approximately 20% to 50% of patients with 
active focal disease (18,212,216,222,227,229). Mild mononuclear pleocytosis occurs in a 
subset of patients, and the leukocyte count may occasionally be notably high 

(212,216,223,228).  
Electroencephalography is abnormal in about one to two thirds of SS patients with 

active CNS disease showing nonspecific findings, such as focal slow-wave activity, 
spikes, seizure discharges, or general slowing (18,212,216,223,228,229). 
Electroencephalography may also show subclinical disease: Hietaharju and co-workers 

(216) described abnormal findings in 48% of asymptomatic primary SS patients 
compared to 15% of controls.  

Neuropsychiatric and cognitive tests. A wide range of neuropsychiatric and cognitive 
tests can be used. Some of these tests are standardized, but the experience of single tests 
in SS is limited (212,216,221,245). However, cognitive tests are proposed to be the most 
sensitive tests to detect mild subclinical CNS disease in SS (245). 

2.9.4  Pathophysiology 

The pathophysiology of CNS manifestations in primary SS is a matter of debate. There 
are only a few case reports of patients with CNS symptoms studied histologically so far. 
The brain or spinal biopsies of these patients have revealed unambigious vasculitis in a 
few cases (211,212,228), but a more typical finding has been mononuclear 
“vasculopathy”, i.e. perivascular mononuclear infiltration, which may extend into the 
surrounding brain parenchyma (18,229,233). Microinfarcts and microhemorrhages have 
also been described, and endothelial cells may be hypertrophied or damaged 
(18,132,233,242). Further, changes compatible with vasculitis have been detected in 
cerebral angiography in some SS patients with CNS disease (243). There is also indirect 
data suggesting vasculitis or an inflammatory etiology for CNS symptoms in SS. 
Peripheral vascular inflammatory disease has been associated with the presence of central 
and peripheral nervous system involvement in several studies (18,211,228), though this 
has not been confirmed in others (214,215,223).  

While the presence of anti-Ro/SSA antibodies may be related to the most severe CNS 
symptoms (225), it is not associated with the occurrence of nervous system 
manifestations in SS (18,214,215,223,245). Other antibodies implicated in the 
pathogenesis of CNS symptoms in other autoimmune diseases, such as antiribosomal P, 
antineuronal, anticardiolipin, and antineutrophilic cytoplasmic antibodies occur very 
rarely in primary SS (18,219,220). 
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Still, there is no consensus of opinion concerning the pathogenesis of CNS disease in 
SS, and many investigators are of the opinion that CNS disease in SS patients is likely to 
be rare and most frequently secondary to the other concurrent diseases, such as diabetes 
or hypertension, rather than due to a rheumatic process (19,214,221).  

2.9.5  Treatment 

There are no controlled studies on the treatment of neurological complications in primary 
SS, and the medication is thus empiric. The knowledge is based on case reports of 
patients with variable clinical symptoms, usually a mixture of peripheral and CNS 
symptoms. The evaluation of the clinical response to medication is difficult because of 
the recurrent course of the disease with spontaneous remissions. It may not be assumed 
that the exact immunomechanism and the optimal treatment are identical in all patients 
(246). Finally, publication bias may select the cases with successful results. 

Treatment is based on the assumption that the pathological process causing 
neurological symptoms is inflammation. Treatment is usually started with high-dose oral 
or intravenous corticosteroids, which are effective in some patients, while others do not 
respond (211,228,229,234,243,247). In cases of poor efficacy of corticosteroids, 
chlorambucillin (239) or cyclophosphamide has been added to the treatment 
(18,213,242,248). In cases with persistent insufficient efficacy or side-effects, 
plasmapheresis or intravenous immunoglobulin have been added, with a few reports of 
good responses (242,248). In acute transversal myelitis, high-dose corticosteroids 
combined with plasmapheresis (227) or pulse cyclophosphamide have been used 
successfully (18,241). Finally, anti-platelet therapy with low-dose acetylsalicylic acid has 
also been used to improve microcirculation and to prevent cerebrovascular accidents in 
these patients (246). 

Because treatment with high-dose corticosteroids and cytotoxic agents may be 
potentially harmful, careful evaluation and observation of SS patients with signs of stable 
CNS disease is recommended. If the diagnosis is solid and the neurologic symptoms are 
progressive, leading to neurologic impairment, therapeutic intervention is indicated. 
Regimens similar to the treatment protocols of severe vasculitis have been recommended 
for the treatment of severe nervous system disorders in primary SS. (18,208,241,246). 



3 Aims of the study 

The purpose of the present work was to search for practical non-invasive diagnostic 
methods and to assess autonomic function and CNS involvement in primary Sjögren's 
syndrome. More specifically, the aims were to 
1. Study MR imaging, MR sialography, and US findings of major salivary glands in 

primary SS, compare the methods with each other, and evaluate their diagnostic 
value. (I,II) 

2. Compare imaging findings with the patients' clinical features in order to search for 
prognostic factors. (I,II) 

3. Study cardiovascular autonomic function in primary SS compared to a healthy 
population by conventional cardiovascular reflex tests, baroreflex sensitivity test 
with phenylephrine, and 24-hour HRV, and examine whether the results are 
dependent on the method used. (III,IV)  

4. Search for associations between the cardiovascular autonomic test results and the 
clinical features of the patients. (III,IV)  

5. Evaluate CNS involvement in primary SS by describing a case and investigating the 
relevant literature. (V) 



4 Subjects and Methods 

4.1  Subjects 

A total of 65 consecutive patients with suspected or previously diagnosed primary SS, 
who visited the Rheumatological Division in the Department of Internal Medicine in 
Oulu University Hospital during 1997-1999, were evaluated in the present study. Thirty-
eight of them were diagnosed to have primary SS. The diagnosis was based on the 
European classification criteria for primary SS (51). All patients were also required to 
have either positive anti-Ro/SSA or anti-La/SSB antibodies or a focus score ≥ 1 in minor 
salivary gland biopsy to confirm the diagnosis. The patients were invited separately into 
each study (I-IV) from among the patients who had been evaluated and found eligible by 
the time of the initiation of a study. Pregnant patients were excluded. Patients (n=27) with 
sicca symptoms or salivary gland swellings who did not fulfil the inclusion criteria for the 
patient group composed the symptomatic control group in study II. Their diagnoses 
included sarcoidosis (n=2), Kartagener's triad (n=1), idiopathic chronic sialadenitis (n=1), 
fibromyalgia (n=8), and anxiety or depression (n=4), and 6 of them had medication 
known to induce sicca symptoms. Three of the 29 and one of the 28 patients invited to 
participate in the studies I and II, respectively, refused. Only women were invited to 
participate in studies III and IV. All invited women agreed.  

The 27 healthy age and sex-matched control subjects in the studies I and II were 
volunteers mainly from among the hospital staff. The control groups in the studies III 
(n=28) and IV (n=30) consisted of age and sex-matched healthy individuals recruited 
from among a population sample selected randomly from the register of general 
population of Oulu by their social security number. The demographics and other 
characteristics of the patients and controls are shown in Table 6. 
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4.2  Methods 

4.2.1  Clinical examination 

Careful clinical examinations and interviews were conducted on all patients and controls, 
and their case histories were reviewed. Previous and concomitant diseases, medications, 
and symptoms were asked. Special emphasis was put on the symptoms and signs of 
possible glandular and extraglandular features of primary SS. Especially symptoms of 
eyes, mouth, and salivary glands were inquired about. Sicca symptoms were defined in 
accordance with the recommendations of the European classification criteria and 
lymphadenopathy as lymph node enlargement indicating biopsy. The data of previous and 
concomitant diseases were based on conventional clinical judgement. Schirmer's I test 
and 15 minutes' unstimulated whole sialometry were performed and sera were collected 
from all patients and the controls who participated in the studies I and II. Twelve-lead 
electrocardiography and cardiac echography had been performed earlier on all controls 
participating in the studies III and IV by a cardiologist. 

4.2.2  Standard laboratory tests and minor salivary gland biopsy 

The laboratory measurements were performed with standard methods in the Central 
Laboratory of Oulu University Hospital and in the Microbiological Laboratory of Oulu 
University. The laboratory tests included serum erythrocyte sedimentation rate, c-reactive 
protein, blood cell count, liver enzymes, serum and urine amylase, serum creatinine, 
immunoglobulin G, A, and M, thyroid-stimulating hormone, and a test of urinary 
sediment. Antinuclear antibodies were analyzed as well as antibodies to extractable 
nuclear antibodies, including anti-Ro/SSA and anti-La/SSB. Sera were also tested for 
antibodies to hepatitis C and human immunodeficiency virus. Minor salivary gland 
biopsies were taken only for diagnostic purposes. All biopsies, including the previously 
taken specimens, were microscopically re-evaluated by an experienced oral pathologists 
blinded to the clinical data. The focus score was determined on all biopsies. 

4.2.3  MR imaging 

MR imaging was performed by using a 1.5 T scanner (Signa, EchoSpeed, General 
Electric). A dual circular surface coil was positioned over both parotid glands. Fast-spin 
echo T1- (TR 500, TE 20, ETL 2, 512x192, 3 excitations) and fat-suppressed T2-
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weighted (TR 3000, TE 100, ETL 16, 256x192, 2 excitations) oblique sagittal images 
were obtained parallel to the parotid glands. A field of view (FOV) of 10 cm with a slice 
thickness of 3.5 mm and a gap of 0.5 mm was used.  

The structure of glandular parenchyma on T1- and T2-weighted MR images was 
categorized into 5 stages. Stage 0 = normal, stage 1= fine nodular, stage 2 = medium 
nodular, stage 3 = coarse nodular, and stage 4 = dendritic, or fibroadipose degeneration. 
The other findings registered were cavities and duct dilatations, the number of lymph 
nodes, and the appearance of the margin of the gland (smooth, globular, or diffuse). The 
size of the glands was assessed as square millimeters measured on hard copies. Two 
radiologists blinded to the clinical data analyzed all images separately, negotiating for 
consensus in cases of discrepancy. 

4.2.4  MR sialography 

MR sialography was performed using the single-shot fast-spin echo technique (TE 1000). 
10-mm-thick single sagittal overlapping sections were obtained through the parotid 
glands with a FOV of 12 cm and a 256x256 matrix. MR sialography was repeated after 
stimulation by 2 ml of lemon juice concentrate.  

On MR sialography, the duct system (internal and external main duct and primary 
branches) and the cavities were analyzed separately. The main duct was classified as 
normal (stage 0), showing an irregular wall contour or narrowed (stage 1), or dilated at 
>1mm in diameter (stage 2), and the primary branches as normal (stage 0), shortened, 
decreased in number, or not visible (stage 1), or dilated at > 1 mm in diameter (stage 2). 
In the final analysis, the stages of the main duct and the branches were combined. The 
cavities were classified with regard to their number: < 5, 5 to 20, or > 20, and size: < 1 
mm, 1 to 2 mm, or > 2 mm in diameter. In the final analysis, a classification based on the 
size of the cavities was used. Two radiologists blinded to the clinical data analyzed all the 
images separately, negotiating for consensus in cases of discrepancy. 

4.2.5  US 

High-resolution US examination was performed on all patients and controls in study II by 
an experienced radiologist using a GE LOGIQ 500 MR3 (GE Medical Systems, 
Milwaukee, Wi, USA) real-time scanner with an 11 MHz linear transducer. The deep lobe 
of the parotid gland was also examined with a 9.6 MHz linear transducer. The length of 
the contact surface of the transducer was 38 mm, and resolution was 0.3 mm to an axial 
depth of 0-4 cm. 

All patients and controls were examined in a supine position with the neck 
hyperextended, with a pillow under the shoulders, and with the skin covered by acoustic 
gel. All salivary glands were examined in the transverse and longitudinal planes. The 
height, width, and thickness of the submandibular and sublingual glands and the height 
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and width of the superficial lobe of the parotid glands were measured on the scanner 
display using electronic caliber. Any focal irregularities distinguishable in the 
homogeneous gland parenchyma were assessed for echogenicity compared with normal 
salivary gland tissue and measured with the electronic caliber. The sonographic data were 
recorded on the data sheet during the real-time imaging and documented on a film by a 
laser printer (3M 969 HQ Laser Imager, Minnesota, USA). 

US images were analyzed independently by 2 radiologists blinded to the clinical 
diagnosis and the MR results. In cases of discrepancy, consensus was negotiated. The 
parenchymal structure of the glands was categorized into 5 stages. Stages 0-3 were 
defined as described earlier (102,104): stage 0 = normal, stage 1 = mild PIH (hypoechoic 
areas < 2 mm), stage 2 = evident PIH (hypoechoic areas of 2 to 6 mm), and stage 3 = 
gross PIH (hypoechoic areas > 6 mm). Stage 4 was defined as adipose degeneration of 
the gland (adipose tissue echogenicity and parenchymal atrophy). The other features that 
were registered were hyperechoic bands, the size of the gland, separate cysts (visible as 
hypoechoic or anechoic lesions), and ducts. 

4.2.6  Cardiovascular reflex tests 

Cardiovascular reflex tests were performed in the cardiological laboratory of Oulu 
University Hospital in standard conditions (143,147). The tests were performed between 
0900 and 1200 a.m., the room temperature was kept stable at 20 to 22° C, a light 
breakfast was allowed more than 2 hours before the tests and coffee, tea, tobacco, and 
alcohol were not allowed for 12 hours before the measurements. During the tests, non-
invasive arterial blood pressure was measured on a beat-to-beat basis by using the 
Finapres finger cuff method. The R-R intervals were obtained from surface 
electrocardiography and passed into an analog-to-digital converter. All data acquisitions 
and analyses were accomplished with a menu-driven software package (CAFTS, Medikro 
OY, Finland), and all data editing was checked manually.  

4.2.6.1  Conventional cardiovascular reflex tests 

Valsalva maneuver was performed in a sitting position by blowing into a rubber tube 
connected to an anaeroid manometer and maintaining a pressure of 40 mmHg for 15 
seconds (152,155). The test was repeated 3 times. The result was expressed as a Valsalva 
ratio.  

Deep breathing test. Six cycles of maximal inspiration and expiration at a rate of 6 
breaths per minute were performed in a sitting position (137,155). The difference (DBD) 
and ratio (E/I index) between the shortest and longest R-R intervals during each 
respiration cycle were measured, and the mean values were calculated. 

Active orthostatic test. The subjects stood up quickly from a lying position without any 
help (145,163). The shortest R-R interval at approximately the 15th beat after standing up 
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and the longest R-R interval at approximately the 30th beat after standing up were 
determined to obtain the heart rate response to standing (the 30/15 index). The postural 
change in blood pressure was measured separately for systolic and diastolic pressures as 
the difference between the pressures in lying and standing positions at one minute after 
standing up. 

Reference values. Since the results of all heart rate-based reflex tests are strongly age-
dependent, population-based, age-related reference values were used (147). Thus, the 
lower normal limit for the deep breathing difference ranged from 2 to 17, that for the 
30/15 index from 0.99 to 1.39, and that for the Valsalva ratio from 1.10 to 1.45, 
depending on the subject's age. Postural blood pressure changes of more than 30 mmHg 
of systolic or 10 mmHg of diastolic pressure were considered abnormal (147). 

4.2.6.2  Baroreflex sensitivity test with phenylephrine 

The test was performed as follows: After a period of rest, with a stable heart rate and 
blood pressure, a bolus of phenylephrine was injected into a peripheral vein. The initial 
dose was 100 micrograms. The dose was increased in order to obtain at least 2 acceptable 
tests with an adequate (over 15 mmHg) rise in systolic blood pressure. The analysis 
window included the time from the beat that started the sustained rise in systolic blood 
pressure to the beat following the peak. Only regression lines with a correlation co-
efficient greater than 0.8 and with a blood pressure rise > 15 mmHg were accepted for 
analysis. (153,164) Baroreflex sensitivity of less than 3.0 ms/mmHg was regarded as 
abnormal (166).  

4.2.7  24-hour HRV 

A 24-hour ambulatory electrocardiography recording was performed during the normal 
everyday activities out of hospital. The digitized data were transferred from the Delmar 
Avionics scanner into a microcomputer for an analysis of HRV. The measures of R-R 
interval dynamics were calculated for the entire 24-hour recording (III,IV) and also 
separately for the time representing the night hours (0-6 am) (III). The data were edited 
automatically and manually, eliminating carefully any premature beats and artefacts. All 
subjects had at least 18 hours of electrocardiography data, with at least 85% consisting of 
normal sinus beats. (150)  

The mean and the standard deviation of all R-R intervals were used as time domain 
measures. Values less than 70 ms for the standard deviation of consecutive R-R intervals 
were defined as abnormal (140). The power spectrum densities were estimated using the 
fast Fourier method. Three frequency bands were considered in frequency domain 
analysis: very-low (0.003 – 0.04 Hz), low (0.04 – 0.15 Hz), and high (0.15 – 0.4 Hz) 
frequency. As non-linear measures, approximate entropy (ApEn) and a short-term scaling 
exponent (α1) were analyzed (150,185). 
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4.2.8  Investigation of the literature on CNS disorders in primary SS 

Using PUBMED, a systematic search on English literature was performed for 
publications on CNS disorders in primary SS. At first, a combination of primary SS and 
CNS manifestations, disease, symptoms, or disorders were searched. Special attention 
was focused on the information of prevalence, pathophysiology, diagnostics, clinical 
picture, and treatment, which were separately searched in combination with CNS disease 
and primary SS. Reviews and original publications, including articles, letters, and case 
reports were accepted for preliminary screening, and the references in these articles were 
screened for other studies on the subject. Original publications were used in analysis. 

4.2.9  Statistical methods  

Statistical Package of Social Sciences (SPSS) 6.5 - 9.0 for Windows (Chicago, IL, USA) 
was used for statistical analyses as statistical software. The results of continuous variables 
are given as means + standard deviation and with 95% confidence intervals (III, IV) and 
as medians and minimum to maximum range when appropriate (II,IV). Variables with 
skewed distribution of absolute values were statistically analyzed after natural 
logarithmic transformation (III,IV). Independent samples t-test or Mann-Whitney U-test 
was used for group comparisons when appropriate with regard to the normal or skewed 
distribution of the variable, respectively. The associations between continuous variables 
and between continuous and ordinal variables were analyzed by Spearman's rank 
correlation (I,II,IV) or Pearson's bivariate correlation (III), and those between ordinal 
variables by linear-by-linear association and Fisher's exact test (I) or by Spearman's rank 
correlation (II). Cohen's kappa test was used for the analysis of inter-observer variation 
(II). Sensitivity, specificity, accuracy, and positive and negative predictive values were 
calculated as follows: sensitivity = true positive results / (true positive + false negative 
results); specificity = true negative results / (true negative + false positive results); 
accuracy = (true positive + true negative results) / total number of results; positive 
predictive value = true positive results / (true positive + false positive results); negative 
predictive value = true negative results / (true negative + false negative results) (II). P 
values < 0.05 were considered as statistically significant (I-IV). 

4.2.10  Ethical considerations 

All patients and controls gave their informed consent. The study protocols were approved 
by the Ethical Committee of the University of Oulu. The research was conducted 
according to the provisions of the Declaration of Helsinki. 



5 Results 

5.1  MR imaging and MR sialography of parotid glands (I) 

Twenty-two (85%) of the 26 patients had abnormalities: parenchymal changes, i.e. 
nodularity or adipose degeneration, (n=21) (Table 7.), ductal dilatations (n=6), or cavities 
(n=5) in their parotid glands on MR images. One patient with ductal dilatation visible on 
MR images had normal glandular parenchyma. The MR imaging findings were equal 
bilaterally in 25 patients, while in 1 patient the parenchymal classification differed by 1 
stage (2 vs. 3) between the contralateral glands. The findings based on the T1- and T2-
weighted images differed in 5 patients, who were graded as stage 1 on T1 images and 
stage 2 on T2 images. The T1 and T2 stages were combined by choosing the higher stage 
available (T2) for further analysis.  

On MR sialography, 25 (96%) patients had ductal system changes and 16 (62%) 
cavitary abnormalities (Table 7.). In 2 patients the cavitary classification differed by 2 
stages (0 vs. 2) between the contralateral glands. The oral application of lemon juice had 
no impact on the sialography results. 

One patient and 7 controls had normal findings in both MR imaging and MR 
sialography examinations. 

Imaging correlates. The structural appearance of the parenchyma on MR images had a 
linear association with the ductal system stages (p < 0.05), but no correlation with the 
cavitary stages on MR sialography (Table 8.). The ductal changes in the external and 
internal main duct and the branches on MR sialography were associated significantly 
with each other (p < 0.001), as were the number and size of the cavities (p < 0.001), but 
the ductal changes did not correlate with the cavitary abnormalities (Table 9.). The 
margin of the gland correlated significantly with the structural classification (p < 0.001), 
but the size of the glands or the presence or number of lymph nodes were not associated 
with the other imaging findings. The cavities and ductal dilatations were visible on MR 
images if the cavity was > 3 mm and ductal dilatation > 1.5 mm in diameter on MR 
sialography. 
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Table 7. Magnetic resonance (MR) imaging and MR sialography classifications in 
patients with primary Sjögren's syndrome. 

MR classifications Patients ( N = 26) 
MR imaging 

Stage 0 = normal 
Stage 1 = fine nodular 
Stage 2 = medium nodular 
Stage 3 = coarse nodular 
Stage 4 = dendritic 

 
5 
2 

10 
2 
7 

MR sialography, ductal system 
Stage 0 = normal 
Stage 1 = narrowed, shortened, fewer in number 
Stage 2 = dilated > 1 mm 

 
1 

17 
8 

MR sialography, cavitary system 
Stage 0 = cavities not found 
Stage 1 = cavities < 1 mm in diameter (punctate) 
Stage 2 = cavities 1-2 mm in diameter (globular) 
Stage 3 = cavities > 2 mm in diameter (cavitary) 

 
10 
2 
8 
6 

Table 8. Relationship between magnetic resonance (MR) imaging and MR sialography 
findings in patients with primary Sjögren's syndrome. 

 MR imaging classification MR sialography 
classifications  0 1 2 3 4 

Total 

Ductal stages1 
0  1     1 
1  3 2 7 2 3 17 
2  1  3  4 8 
Cavitary stages 2 
0  3 2 3  2 10 
1     1 1 2 
2  2  3  3 8 
3    4 1 1 6 
Total  5 2 10 2 7  
1 p < 0.05, 2 NS (non-significant) 

Table 9. Relationship between ductal and cavitary findings on magnetic resonance 
sialography in patients with primary Sjögren's syndrome. 

Cavitary stages Ductal stages1 
0 1 2 3 

Total 

0 1    1 
1 6 2 5 4 17 
2 3  3 2 8 
Total 10 2 8 6 26 
1 NS (non-significant) 
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5.2  US of salivary glands (II)  

Structure of parenchyma. Twenty-one (78%) patients had abnormal structure of glandular 
parenchyma on US examination. Eighteen (67%) patients had PIH or adipose 
degeneration of parotid glands, 18 (67%) PIH of submandibular glands (Table 10.), and 8 
(30%) mild PIH (stage 1) of sublingual glands. Seventeen patients had abnormalities in 
both parotid and submandibular glands. The findings were bilateral in all patients. One 
healthy control had adipose degeneration (stage 4) in her parotid glands, and 2 
symptomatic controls had evident PIH (stage 2) in their parotid glands and mild PIH 
(stage 1) in their submandibular glands. Other controls had normal findings. 

Table 10. Relationship between structural classifications of parotid and submandibular 
glands by ultrasonography in patients with primary Sjögren's sydnrome. 

Structure of submandibular gland 1  Structure of parotid gland 
Normal Mild PIH Evident PIH Gross PIH Total 

Normal 8 1   9 
Mild PIH  2 2  4 
Evident PIH 1 1 3  5 
Gross PIH  1 1  2 
Adipose degeneration  2 4 1 7 
Total 9 7 10 1 27 
Abbreviations: PIH = parenchymal inhomogeneity 1 r = 0.73, p < 0.0001 

Other findings. Hyperechoic bands were seen with all grades of parenchymal changes (0-
4) in parotid glands (n=10) and with stages 1-2 in submandibular glands (n=8). Separate 
cysts and dilated ducts were only seen in parotid glands, in 11 and 2 patients, 
respectively. The size of the gland did not correlate with the parenchymal finding in any 
of the glands.  

Comparison between glands. The parenchymal structural scores of parotid and 
submandibular glands were associated with each other (r = 0.73, p < 0.0001), the total 
agreement between stages being 48% (Table 10.), while there was no relationship 
between the parenchymal stages of sublingual and parotid or sublingual and 
submandibular glands. There were 3 patients with normal parotids, but with stage 1 
changes in either sublingual (2 patients) or submandibular (1 patient) glands. 

Diagnostic accuracy. The sensitivity of US was 78%, specificity 94%, accuracy 85%, 
positive predictive value 88%, and negative predictive value 88%, if PIH and adipose 
degeneration (stages 1-4) were considered as a sign of primary SS. Kappa test for inter-
observer variation was very good, 0.83. The other salivary gland findings: hyperechoic 
bands, separate cysts or ducts, and the size of the gland did not yield any additional 
information for the diagnostics. 
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5.3  Comparison of US and MR findings (I,II) 

The parenchymal scores of parotid glands on US and MR images were closely related to 
each other (r = 0.76, p < 0.0001), the total agreement between stages being 48% (Table 
11.).  

In a comparison of the US and MR methods, MR sialography was the most sensitive 
method (96%), followed by MR imaging (81%) and US (78%), to detect findings 
suggestive of SS (I,II). The specificity of US was 94% (II). The definite specificity of 
MR methods was not assessed, because MR examinations were only performed on 7 
healthy controls, although all controls had normal findings (I). 

Table 11. Relationship between structural classifications of parotid glands by 
ultrasonography and magnetic resonance imaging in patients with primary Sjögren's 
syndrome. 

Structure on magnetic resonance imaging1  Structure on 
ultrasonography Normal Fine nodular Medium 

nodular 
Coarse 
nodular 

Dendritic Total 

Normal 5 1 3   9 
Mild PIH   4   4 
Evident PIH   2 1 2 5 
Gross PIH   1 1  2 
Adipose degeneration    1 5 7 
Total 5 1 10 3 7 27 
Abbreviations: PIH = parenchymal inhomogeneity 1 r = 0.76, p < 0.0001 

5.4  Clinical associations of US and MR findings (I,II)  

The presence of anti-Ro/SSA antibodies was associated with the parenchymal findings on 
parotid MR imaging (p < 0.001)(I), MR sialography (p < 0.01)(I), and US (p < 0.05)(II), 
but not with submandibular or sublingual US (II). Anti-La/SSB positivity correlated with 
MR imaging (p < 0.05) (I). The focus scores of the 15 SS patients with recently taken 
minor salivary gland biopsies were related to the parotid changes on MR imaging (r = 
0.6, p < 0.05), but the association with US findings was not significant (I,II). The ductal 
stages on MR sialography were associated marginally with the history of repeated parotid 
swellings (p < 0.05) (I). The results of neither US nor MR examinations were related to 
tear or saliva secretion, age, disease duration, the presence or number of disease 
complications, or hypergammaglobulinemia in the patients.  

The patients with stage 4 changes (adipose degeneration) on MR imaging or US were 
all anti-Ro/SSA-positive and had manifestations of advanced glandular disease. Their 
focus score levels were higher (3.8 ± 1.7 vs. 2 ± 1), disease duration longer (8 ± 4.5 vs. 
3 ± 2.8), and salivary flow rate lower (0.5 ± 0.6 vs. 1.2 ± 0.9), while they were younger 
(43 ± 10 vs. 50 ± 14) than the other patients (I,II). Ductal dilatations or cavities > 2 mm 
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in diameter on MR examinations were only found in patients with anti-Ro/SSA and age > 
45 years, of whom 73% had these changes (I). The frequency of antibodies was equal in 
patients younger and older than 45 years. The only patient with normal MR images and 
sialography was Ro/SSA antibody-negative (I). 

The healthy control subject with adipose degeneration of parotid glands on US had no 
history of sicca symptoms or other symptoms or diseases of parotid glands, and her tear 
and saliva secretion and submandibular and sublingual US findings were normal. One of 
the symptomatic controls with abnormal findings on US had Kartagener's triad with 
parotid swellings and a focus score of 5 in labial gland biopsy, but no other signs of SS, 
and the other had sarcoidosis, confirmed by parotid biopsy, with sicca symptoms and 
findings as well as parotid swellings. The other symptomatic control with sarcoidosis had 
sicca symptoms with normal saliva secretion and US of salivary glands. MR 
examinations were not performed on these controls. One symptomatic control developed 
persistent (> 4 years) local sensory loss as a complication of labial gland biopsy (II). 

5.5  Autonomic examinations (III,IV) 

There were no significant differences between the patients and the controls in any of the 
measures of 24-hour HRV or in HRV during the night-time hours (III). The result was 
repeated in study IV, in which no differences were found in patients compared to controls 
in 24-hour HRV, in conventional cardiovascular reflex tests, or in baroreflex sensitivity 
test with phenylephrine (Table 12, Figure 2.). One patient and 2 controls had abnormal 
results in a deep breathing test and 1 patient and 1 control in an orthostatic test, in which 
their 30/15 index values were low, but blood pressure responses were normal (III). There 
were no other abnormal test results.  

When the patients on corticosteroid treatment [n=6 (III), n=7 (IV)] or with 
cardiovascular disease [n=6 (III), n=7 (IV)] and medication [n=7 (III,IV)] were excluded 
separately, there were still no differences between the groups, and when analyzed by 
subgroups, no differences emerged compared to the other patients or controls (III,IV). 
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Fig. 2. Individual values (•) and 95% confidence intervals for the means (•-•) of the frequency 
domain measures of 24-hour HRV, BRS, Valsalva ratio, E/I index and 30/15 index. For 
abbreviations see Table 12. 
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Table 12. Measures of 24-hour heart rate variability and autonomic reflex tests in 
patients with primary Sjögren's syndrome and in controls. 

Controls Patients Variable 
Mean  SD Median Mean  SD Median 

P 

24-hour HRV 
R-R interval (ms) 836  91.6 810 844  106 833 NS 
SDNN (ms) 142  37.0 144 150  34.5 150 NS 
Ln(HF) (ms2) 5.54  0.80 5.56 5.57  0.85 5.37 NS 
Ln(LF) (ms2) 6.40  0.73 6.37 6.24  0.67 6.11 NS 
Ln(VLF) (ms2) 7.12  0.44 7.05 7.04  0.43 7.03 NS 
ApEn 1.06  0.18 1.09 1.04  0.14 1.06 NS 
α1 1.20  0.11 1.20 1.14  0.15 1.13 NS 

Reflex tests 
Valsalva ratio 1.69  0.27 1.67 1.72  0.37 1.65 NS 
E/I index 1.25  0.12 1.24 1.25  0.17 1.20 NS 
DBD 15.8  6.53 15.0 15.9  9.25 15.0 NS 
30/15 index 1.21  0.14 1.20 1.20  0.17 1.16 NS 
SBP change 12.2  10.9 12 13.2  11.3 10 NS 
DBP change 19.3  10.5 18 18.9  9.78 18 NS 
BRS 11.0  7.71 8.75 12.0  7.50 8.90 NS 

The probability values are from Mann-Whitney 2-sample tests between the controls and patients. 
Abbreviations: SD = standard deviation; HRV = heart rate variability; SDNN = standard deviation of R-R 
intervals; Ln = natural logarithm; HF = high frequency; LF = low frequency; VLF = very-low frequency; 
ApEn = approximate entropy; α1 = short-term scaling exponent; DBD = deep breathing difference; SBP = 
systolic blood pressure; DBP = diastolic blood pressure; BRS = baroreflex sensitivity; NS = non-significant. 
ApEn and α1 results are from study III, the other results are from study IV. 

5.6  Clinical associations of autonomic test findings (III,IV) 

The spectral measures of 24-hour HRV correlated with age in both groups (r ranging from 
0.64 to 0.69, p < 0.001) (III). None of the HRV parameters or reflex test results correlated 
with tear or saliva secretions, disease duration, sedimentation rate, focus score, 
occurrence of antibodies to anti-Ro/SSA or anti-La/SSB, or extraglandular disease 
manifestations (r ranging from 0.02 to 0.24) (III,IV).  

5.7  CNS disorders in primary SS: A case and an analysis of the 
literature 

A 24-year-old woman with primary SS and a five-month history of benign 
lymphadenopathy and myositis developed severe CNS symptoms: seizures and decreased 
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level of consciousness, with concomitant vasculitic lesions in her hands and a neurogenic 
bladder with urinary incontinence as a probable manifestation of spinal cord involvement. 
The diagnosis of CNS disease associated with primary SS was based on the clinical 
picture, the results of a brain MR imaging scan (multiple bilateral lesions of increased 
signal intensity in deep white and gray matter and in periventricular white matter), 
electroencephalography (mild general bilateral slowing), and cerebrospinal fluid analysis 
(positive IgG index, mild pleocytosis, high protein level), exclusion of other diseases, and 
response to immunosuppressive therapy (high-dose methylprednisolon and intravenous 
pulse cyclophosphamide). The diagnosis of primary SS had been made 5 years earlier. 
She fulfilled all 6 items of the European classification criteria, and she had the typical 
symptoms of SS: sicca symptoms, rapidly progressing dental caries, and Raynaud's 
phenomenon. She also had had recurrent joint swellings without radiological changes for 
two years at the early stages of the disease. 

In the investigation of the literature, original articles, letters, and case reports from 
clinics of rheumatology, neurology, and internal medicine in Europe, United States, and 
Japan were found and analyzed. There were no controlled studies on the prevalence or 
treatment of CNS manifestations in primary SS. No follow-up studies on the prognosis 
were found, either. The diagnosis of primary SS was based on clinical judgement in most 
studies, and several different classification criteria were used in the others. Further, the 
methods of grading and diagnosing CNS disorders varied between the studies. Finally, 
even if all these factors are taken into account, there still is wide controversy about the 
etiology, significance, and prevalence of CNS disease associated with primary SS in the 
literature. 



6 Discussion 

6.1  Selection of patients and controls (I-V) 

Selection of patients. The patients recruited into the present study were consecutive 
patients with diagnosed or suspected primary SS, who visited the Division of 
Rheumatology, Department of Internal Medicine in Oulu University Hospital, a referral 
center for 400 000 inhabitants, where most of the diagnoses of primary SS in the 
catchment area are confirmed. Thus, the patients represented the SS population of the 
area.  

All patients recruited into the present study were required to fulfil the European 
classification criteria for primary SS (51) and to have either antibodies to anti-Ro/SSA or 
anti-La/SSB or a focus score ≥ 1 in minor salivary gland biopsy to confirm the diagnosis. 
The criteria that were used correspond to the International classification criteria (53), 
which are more specific, but less sensitive, than the original European criteria. As the 
main goals of the present study were to examine the imaging findings of salivary glands 
and to assess autonomic function in a population of primary SS patients, all consecutive 
patients, both previously (45% of the patients) and newly diagnosed (55% of the patients) 
ones, were included. This may have an effect on the diagnostic sensitivity of the present 
imaging studies (I,II). Earlier studies on the diagnostics of SS have included patients with 
either a previous or a new diagnosis, or both. 

About 70% of the patients were anti-Ro/SSA-positive, which is quite a high 
proportion, but similar numbers have also been reported in several other series 
(4,5,209,217,249). Since minor salivary gland biopsies were taken in this study only for 
diagnostic purposes, only 55% of the patients had a new biopsy. There were 6 patients 
with previously diagnosed primary SS, of whom biopsy had not been taken. All of the 6 
patients fulfilled the inclusion criteria, and either typical changes on x-ray sialography or 
epimyoepithelial cell islands in parotid biopsy had been found earlier. Thus, their 
diagnoses were considered solid. 

Selection of controls. The selection of classification criteria also modifies the 
composition of the control group. This is important especially in the examination of the 
diagnostic methods. The symptomatic control group in study II consisted of subjects who 
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had sicca symptoms and/or salivary gland swellings and a suspicion of SS, but did not 
fulfil the inclusion criteria. The symptomatic control group was heterogeneous, 
representing the clinical real-life situation and differential diagnostic problems. 

The healthy controls in the imaging studies of salivary glands (I,II) were age and sex-
matched volunteers recruited mainly from among the hospital staff. It was assumed that 
the morphology of their salivary glands represented well that of the general population, 
although recruitment of volunteers in this way may result in inclusion of subjects with 
minor symptoms and health problems.  

In the examination of autonomic functions, the selection of controls must be 
performed carefully to match them with patients as well as possible, since there are many 
confounding factors affecting the results, such as familiarity with the test and the testing 
environment (145,159). Also, matching for age and sex is important (147,183). Randomly 
selected population-based age and sex-matched controls were recruited into the 
autonomic studies (III,IV).  

6.2  MR imaging, MR sialography, and US of salivary glands (I,II) 

US, MR imaging, and MR sialography have been shown to be able to detect 
morphological changes of salivary glands in primary SS, but their role in diagnostics is 
open. In the present study, salivary glands were examined by modern high-resolution 
scanners. MR imaging showed abnormalities suggestive of SS in 85%, MR sialography 
in 96%, and US in 78% of patients, and the specificity of US was 94% when the clinical 
diagnosis of primary SS based on the European criteria with above mentioned 
specifications, corresponding to the International criteria, was used as gold standard. The 
definitive specificity of the MR methods could not be assessed reliably, because 
examinations were performed only on 7 healthy controls, although all controls had 
normal findings. 

6.2.1  Imaging findings and their classification 

Parenchymal findings. The most characteristic finding of SS patients' salivary glands on 
both US and MR imaging was inhomogeneous, or nodular, parenchyma (I,II). Because of 
the better spatial resolution of parenchyma achieved with the newer equipment, the old 
staging system (13) could not be used for MR imaging in the present study. The better 
resolution allowed many small nodules to be seen instead of a single large one, which is 
why a new parenchymal grading for MR imaging was created (I). US stages 0 to 3, i.e. 
normal to gross PIH, were defined according to the scoring system by de Vita and co-
workers (104). Some patients, however, showed a characteristic glandular picture with 
abundant fat degeneration and hardly any glandular parenchyma left in their glands. As 
this finding differed significantly from the stages of PIH and could not be graded by the 
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same criteria, these glands were discretionarily graded separately into the stage 4 in both 
MR and US scoring (I,II).  

The significance of the finding of adipose degeneration is a matter of controversy. 
There are some previous data to show that the amount of fat tissue increases in salivary 
glands with age (22,55,64) and in some diseases, such as serum hyperlipidemia 
(120,121). Therefore, it has been considered quite an unspecific finding. On the other 
hand, it has also been associated with SS (64,118), higher grades of x-ray sialography and 
focus scores, and decreased saliva secretion (63,64,118). Although one healthy control 
had adipose degeneration of parotid glands on US (MR examinations were not performed 
on her), the SS patients with a similar finding on US or MR imaging clearly showed 
features of advanced glandular disease, suggesting that, although this finding is 
somewhat unspecific, it may be associated with a more severe form of the glandular 
disease (I,II). 

The other features registered, such as the size of the gland, lymph nodes, or 
hyperechoic bands, did not give any further diagnostic information (I,II). 

Ductal system and cavities. The peripheral branches of the ductal system are less 
visible on MR sialography with the present equipment than on x-ray sialography 
(125,129) because of the poorer spatial resolution. The manual injection of contrast 
medium into the salivary ducts used in x-ray sialography also influences the results, as it 
may cause artificial dilatation of the ductal system, and contrast medium also penetrates 
into the glandular parenchyma through ductal walls and acini (31,79,84). Despite these 
differences, MR sialography has been shown to have a high correlation with conventional 
x-ray sialography (126). In the present study, the conventional staging system based on x-
ray sialography could not be applied to MR sialography, because of the differences in 
visualization between the methods and the poor correlation between ductal and cavitary 
changes. Therefore, a new classification system was created and the ducts and cavities 
were graded separately. (I) 

Associations between findings. The parenchymal classifications of MR imaging and 
US had a poor association with the ductal and cavitary changes on MR sialography (I,II). 
Only a marginal linear association between MR imaging and ductal changes could be 
seen (I). There is also some previous evidence suggesting that parenchymal and ductal 
changes do not develop simultaneously and parallel to each other (34,79), which suggests 
that separate pathological mechanisms may lead to parenchymal and ductal system 
changes in SS patients' salivary glands. 

6.2.2  Clinical associations 

The abnormal findings on parotid MR imaging, MR sialography, and US were associated 
with the presence of antibodies to anti-Ro/SSA (I,II). MR imaging also correlated with 
the focus scores of the recently taken minor salivary gland biopsies, and the ductal 
changes on MR sialography correlated with the history of parotid swellings, but 
otherwise the results did not correlate significantly with any other clinical features 
reflecting the severity of the disease, including salivary flow rate, disease duration, 
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presence of extraglandular manifestations, hypergammaglobulinemia, or age (I,II). These 
findings are in accordance with some previous data (13,14,24,63,108) and with a recent 
hypothesis suggesting that the inflammatory and destructive changes in salivary glands in 
primary SS may lead to antigen exposure and generation of anti-SSA antibodies, while 
other pathological processes, such as local interference of cytokines into the function of 
glandular tissue, including interleukine IL-6, tumor necrosis factor alpha, antibodies 
against muscarinic M3 receptors, and disturbances of the nitric oxide synthase system, 
may cause the defect in saliva and tear secretion (250). The correlation between MR 
sialographic findings and recurrent glandular swellings suggests that these findings may 
be caused by recurrent sialadenitis possibly secondary to reduced saliva secretion. 
Although no comparative studies have been conducted by MR sialography, it has been 
shown that chronic non-specific sialadenitis, typically characterized by recurrent 
glandular swellings during inflammations, may cause similar findings in x-ray 
sialography as SS (28). Clinically, however, these diseases can usually be differentiated 
from each other by their clinical features. While SS is usually a multi-glandular and 
systemic disease, non-specific sialadenitis is a mono-glandular disease without systemic 
manifestations (28). 

Since imaging findings have a poor correlation with the clinical signs of disease, it 
seems that the clinical progression of systemic primary SS cannot be predicted by the 
imaging findings of salivary glands. The value of these methods in predicting the 
progression of glandular disease and in evaluating the effectiveness of treatment remains 
to be determined with longitudinal studies (251). 

6.2.3  Comparison to previous studies 

There is a wide variety of methods used in the examination of glandular changes in the 
diagnostics of primary SS. Also, the technology used in US and MR imaging studies has 
markedly improved during the past few years. In addition, wide variation in the selection 
of both classification criteria and gold standards for the definition of the diagnostic value 
of the findings makes any direct comparison between studies difficult or impossible. 

The methodology used in the present study offered some advantages and 
disadvantages compared to previous studies with US, MR imaging, or conventional 
methods, including x-ray sialography, scintigraphy, and labial gland biopsy. In the present 
study, MR imaging, MR sialography, and US were performed with modern equipment, 
i.e. a special surface coil and a high-intensity magnetic field were used in MR 
examinations and an 11 MHz transducer in US, which yielded better spatial resolution 
compared to the older technology. Further, this was the first study reported in the English 
literature to combine MR imaging and MR sialography in the examination of SS patients 
(I). These methods give information on different aspects of glandular pathology. Since 
MR sialography takes only about 5 minutes to perform in connection with MR imaging, 
both should be performed to obtain complementary information. MR sialography with 
ductal system changes seems to be the most sensitive method to show early disease, 
while conventional parenchymal imaging gives a better picture of the glandular 
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parenchymal changes and the destruction of the gland (I). The ability of US, even with an 
11 MHz transducer and modern equipment, to detect ductal system changes seems 
limited (II). Finally, this was the first study in the literature to examine all major salivary 
glands by US at the same time (II), which made it possible to compare the findings of 
separate glands with each other and gave the best sensitivity of US without decreasing 
specificity. 

Though direct comparison between the results of the present and previous studies is 
impossible, it seems that US, MR imaging, and MR sialography are promising 
alternatives or supplementary methods to conventional diagnostic examinations. Multi-
center studies comparing these methods with conventional examinations should be 
conducted to assess their accuracy in the diagnostics of SS.  

6.2.4  Roles of US, MR imaging, and MR sialography 
 in the diagnosis of SS 

US, MR imaging, and MR sialography are continuously developing non-invasive 
methods which provide welcome alternatives to the conventional invasive examinations. 
Their use is likely to increase both in scientific research and in clinical practise in the 
near future. They all visualize the gland in its physiological state without artefacts caused 
by intraductal contrast medium or biopsy procedures, not to mention the lack of 
inconvenience and the risk of complications to the patient. With modern equipment, they 
can yield such a definitive picture of the glandular structural changes in primary SS that 
they can already be considered for clinical use in the diagnostics of primary SS, although 
they are not officially recognized in any classification criteria at the present. Comparative 
multi-center studies must be conducted to confirm their diagnostic value and cost-
effectiveness in SS, before they can be widely accepted and included into the 
classification criteria for SS.  

According to the present data, US seems to be a good candidate as the first-line 
radiological examination in the diagnosis of SS, because it is much cheaper and more 
widely available than the MR technique and gives an opportunity to evaluate all salivary 
glands easily at the same time. As MR sialography and MR imaging, especially in 
combination, seem to have better sensitivity and specificity compared to US, they could 
also be considered as the first choice methods, if available.  

However, it has to be noted that the improving ability of US, MR imaging, and MR 
sialography to visualize the glandular structure in more detail does not necessarily 
increase their accuracy in the diagnostics of SS much further, since some of the glandular 
changes are not specific to SS, but may also be found in other diseases, such as 
sarcoidosis or chronic non-specific sialadenitis. Further, SS populations selected with the 
present criteria are heterogeneous, probably containing patients with variable 
pathological processes in their salivary glands leading to sicca syndrome. The diagnosis 
of primary SS will thus be based on a combination of clinical, laboratory, and imaging 
findings even in the future. 
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6.3  Autonomic nervous system function in primary SS 

6.3.1  Cardiovascular autonomic function and clinical associations 

Symptoms of autonomic dysfunction have been described in connection with primary SS 
(211), but their prevalence is unknown. The results of controlled studies have been 
contradictory showing either sympathetic, parasympathetic, or no autonomic dysfunction 
in SS patients (201,202,203,206,207). In the present study, the cardiovascular autonomic 
function of primary SS patients was compared to population-based healthy age and sex-
matched controls from the same area by comprehensive cardiovascular methods. No 
signs of cardiovascular autonomic dysfunction were found in the patients compared to the 
general population (III,IV). The results were confirmed by all of the tests that were 
conducted, including conventional reflex tests, baroreflex sensitivity test with 
phenylephrine, and 24-hour HRV.  

The spectral measures of 24-hour HRV correlated with age in both study groups (III), 
which was expected (150), but none of the results were related to tear or salivary flow 
(IV) or any other clinical features of the patients, such as disease duration, focus score, 
occurrence of anti-Ro/SSA or extraglandular manifestations, or the level of sedimentation 
rate (III). Thus, cardiovascular autonomic dysfunction does not seem to be associated 
with the symptoms or the progression of primary SS. However, it has to be noted that 
even comprehensive cardiovascular tests can not rule out or demonstrate local 
dysfunction in other sections of the autonomic system, including exocrine glands 
(16,250,252). The present results with no signs of cardiovascular autonomic dysfunction 
are in accordance with some previous data showing that the prognosis of mortality in 
primary SS is comparable to that in the general population (4,5,7). 

6.3.2  Selection of tests  

The investigation of the autonomic nervous system is complicated. The results of 
autonomic studies of SS as well as other diseases have frequently been variable, 
reflecting the numerous difficulties in the standardization and interpretation of these tests. 
(147,148) 

Cardiovascular autonomic tests are most widely used and accepted as indicators of 
autonomic neuropathy (150,151). They are also better standardized than the other 
autonomic tests. Further, signs of cardiovascular autonomic dysfunction can be found to 
occur together with signs of other sections of the autonomic system, such as pupillary and 
sudomotor systems, in SS as well as in other diseases (132-135), although the correlation 
between individual test results may be poor (133). Orthostatic hypotension is the most 
commonly described autonomic symptom in primary SS. It has frequently been found to 
exist together with hypohidrosis and Adie's tonic pupil (186-195). The first controlled 
studies on autonomic function in primary Sjögren's syndrome, which were performed 
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with conventional cardiovascular reflex tests, found either sympathetic or 
parasympathetic dysfunction in SS patients (201,202). Later on, studies with short-term 
HRV and pupillary and sudomotor tests have been conducted, but the results have still 
been variable (203-207). There are no standardized tests to examine the autonomic 
regulation of exocrine lacrimal and salivary glands. 

Due to the difficulties in the investigation of the autonomic nervous system and the 
discrepancies reported in the previous studies, several different cardiovascular tests 
assessing both autonomic reflexes in provoked situations and tonic autonomic balance 
were selected for the present study. In addition to conventional reflex tests (Valsalva 
maneuver, deep breathing test, orthostatic test), the examination package included a 
baroreflex sensitivity test with phenylephrine and 24-hour HRV, which have better 
specificity and sensitivity and are better standardized and more reproducible than 
conventional reflex tests (138,145,146,166,167,169,171,172). It was hoped that this 
would help to resolve some of the discrepancies reported in the earlier studies, although 
despite careful standardization of these tests locally, the direct comparison between 
studies conducted in different laboratories is difficult. It was also assumed that 
cardiovascular autonomic function reflects the general status of the autonomic nervous 
system of the patients, although it does not reveal possible local dysfunction in other 
sections of the autonomic system. Therefore, no direct conclusions on the eventual state 
of the autonomic system regulating the function of exocrine lacrimal and salivary glands 
cannot be drawn based on the present results.  

6.3.3  Aspects of the discrepancy in autonomic studies 

Apart from methodological variations, the possible explanations for the discrepancy in 
the results of autonomic function studies in SS include differences in the selection of 
patient populations and control groups. Unlike in the earlier studies, we recruited all the 
screened patients who fulfilled the primary SS criteria in order to keep the sample 
representative of all of our patients with primary SS, although this does not exclude the 
possible selection bias based on the referral system. When patients with cardiovascular 
disease and medication were excluded from the analyses, there still were no significant 
differences between the patients and controls. Since corticosteroid treatment may also 
influence autonomic function by improving small vessel vasculitis affecting vasa 
nervosum or decreasing the production of autoantibodies against neurotransmitter 
receptors, the patients on corticosteroids were also analyzed as a subgroup. Their results 
were similar to those of the other patients and controls. The average age and disease 
duration of the patients in the present study did not differ significantly from the other 
studies. Most of the patients also had immunologically active disease and extraglandular 
manifestations suggesting an active systemic disease. 

Autonomic symptoms in primary SS have been described frequently in connection 
with peripheral sensory polyneuropathy (132,192) and sicca symptoms without systemic 
disease or anti-Ro/SSA (194,239). There were no patients with a clinical picture of this 
kind in the present series, only one patient had sensory polyneuropathy, and up to 70% 
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were anti-Ro/SSA-positive. This might to an extent explain the discrepancy between this 
and some of the earlier studies. 

The healthy control group of the present study was derived from a random sample of 
the local general population matched for both age and sex with the patients. Neither the 
control subjects nor the patients were familiar with the reflex tests in advance. The 
comparability of the study groups in these respects is important because all these factors 
have a significant effect on the results of autonomic tests (147,180,183). On the other 
hand, because neither the patients nor the controls were familiar with the test procedure, 
inadvertent variation in the conventional reflex test results caused by confounding 
factors, such as fear or anxiety, might have influenced the results. This must be taken into 
consideration in the evaluation of the conventional reflex test results, particularly because 
no calculations were performed on the power of the present experimental setting, which 
makes type II beta error possible. However, the effect of confounding factors is much 
more limited on the baroreflex sensitivity tests with phenylephrine and especially on 24-
hour HRV. 

The variable results of the autonomic studies make the evaluation of systemic 
cardiovascular autonomic dysfunction associated with primary SS difficult. This, in 
combination with the wide inter-individual variation in the autonomic function test results 
of healthy subjects (138,147) and publication bias prone to favor studies with "positive" 
results, may lead to different results in small studies performed with relatively unspecific, 
insensitive, and poorly standardized methods. 

6.4  CNS involvement in primary SS: Unsolved entity 

Cases of definitive active inflammatory CNS disease have been described in patients with 
primary SS in the literature. However, there are no controlled follow-up studies to 
confirm a causal association between CNS disease and primary SS (253). The reports of 
the prevalence vary widely: While some authors report CNS disease in 22% to 28% of 
patients (208,216), others find it very rarely or never (19,209). 

There are several confounding factors that may explain the controversy in the reports. 
First of all, diagnoses of both primary SS and CNS disorders are complicated due to the 
lack of specific methods. In addition, the wide range of clinical symptoms and the 
variable course of the disease with spontaneous remissions make the diagnosis of CNS 
symptoms in autoimmune diseases difficult. Also, the clinic where the study is conducted 
may have an impact on the results. In other words, studies conducted in rheumatological, 
neurological, or general internal medicine clinics, or in centers especially focused on the 
CNS involvement of autoimmune diseases may yield different results. Finally, genetic 
and environmental factors may predispose some patient populations to CNS disorders. 

The patient in the present report (V) had the typical symptoms of primary SS. She did 
not fulfil the criteria of any other connective tissue disease, and all of the 6 items of the 
European classification criteria for primary SS were present. She had antibodies to anti-
RNP, which are typical of mixed connective tissue disease, but they are also seen in 6% 
of primary SS patients (4). The diagnosis of rheumatic CNS disease associated with 
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primary SS was based on the clinical picture, the results of a brain MR scan, an 
electroencephalogram, cerebrospinal fluid analysis, the exclusion of other diseases, and 
the good response to immunosuppressive therapy. 

The increasing interest in the topic, the development of more accurate and widely 
available diagnostic methods for the detection of CNS disease, and the widely accepted 
classification criteria for primary SS will provide chances for better focused research and 
yield more information about the nature of CNS disease in primary SS in the future. 



7 Conclusions 

1. US and MR imaging of salivary glands in primary SS show heterogeneous, or 
nodular, glandular parenchyma, or adipose degeneration of the gland. MR 
sialography depicts the contour of the ductal system: narrowings and dilatations of 
the main duct and primary branches, and peripheral cystic changes, or cavities. 
Parenchymal findings have a poor association with ductal system changes. The 
findings of parotid and submandibular glands on US have a good correlation with 
each other, though adipose degeneration is only seen in parotid glands. Sublingual 
glands are less severely affected. Among the methods tested in the present study, the 
best diagnostic sensitivity is achieved with MR sialography, followed by MR 
imaging and US. Examination of all major salivary glands yields the best sensitivity 
of US without decreasing specificity.  

2. US, MR imaging, and MR sialography conducted with the modern technology yield 
such a definitive picture of glandular structural changes in primary SS that they are 
promising alternatives to the conventional invasive examinations in the diagnostics 
of primary SS. To be widely accepted and included into the classification criteria of 
SS their diagnostic value and cost-effectiveness must be confirmed in comparative 
multi-center studies. 

3. Morphological changes of major salivary glands on US, MR imaging, and MR 
sialography are associated with anti-Ro/SSA-positivity, but they are not associated 
with saliva secretion or with the parameters that reflect the systemic activity of 
primary SS, such as hypergammaglobulinemia, disease duration, or systemic 
complications. MR imaging is also associated with the focus score index in minor 
salivary gland biopsy. 

4. There are no signs of cardiovascular autonomic nervous system dysfunction in 
primary SS compared to the general population evaluated by comprehensive 
cardiovascular tests: conventional reflex tests, baroreflex sensitivity test with 
phenylephrine, and 24-hour HRV.  
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5. The results of cardiovascular autonomic tests are not associated with tear or saliva 
secretion, or other clinical features of the patients, including disease duration, 
sedimentation rate, systemic complications, or anti-Ro/SSA-antibodies. 

6. Severe inflammatory CNS disease is a possible complication of primary SS, though 
its prevalence is a matter of controversy.  
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