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Abstract

Objective The aim of this study was the assessment of semi-
quantified salivary gland dynamic scintigraphy (SGdS) pa-
rameters independently and in an integrated way in order to
predict primary Sjogren’s syndrome (pSS).

Materials and methods Forty-six consecutive patients (41 fe-
males; age 61 + 11 years) with sicca syndrome were studied
by SGdS after injection of 200 MBq of pertechnetate. In six-
teen patients, pSS was diagnosed, according to American-
European Consensus Group criteria (AECGc).

Semi-quantitative parameters (uptake (UP) and excretion
fraction (EF)) were obtained for each gland. ROC curves were
used to determine the best cut-off value. The area under the
curve (AUC) was used to estimate the accuracy of each semi-
quantitative analysis.

To assess the correlation between scintigraphic results and
disease severity, semi-quantitative parameters were plotted
versus Sjogren’s syndrome disease activity index (ESSDAI).
A nomogram was built to perform an integrated evaluation of
all the scintigraphic semi-quantitative data.
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Results Both UP and EF of salivary glands were significantly
lower in pSS patients compared to those in non-pSS
(p <0.001). ROC curve showed significantly large AUC for
both the parameters (p < 0.05).

Parotid UP and submandibular EF, assessed by
univariated and multivariate logistic regression, showed
a significant and independent correlation with pSS diag-
nosis (p value <0.05). No correlation was found between
SGdS semi-quantitative parameters and ESSDAI. The
proposed nomogram accuracy was 87%.

Conclusion SGdS is an accurate and reproducible tool for the
diagnosis of pSS. ESSDAI was not shown to be correlated
with SGdS data.

Clinical relevance SGdS should be the first-line imaging
technique in patients with suspected pSS.

Keywords Sicca syndrome - Sjogren’s syndrome - Salivary
gland dynamic scintigraphy - Differential diagnosis -
Quantitative analysis

Introduction

Sjogren’s syndrome (SS) is a chronic, progressive, autoim-
mune disease, of unknown aetiology, characterized by focal
lymphocytic infiltration of exocrine glands with a significant
functional impairment, leading to sicca symptoms [1-3].
These symptoms could be also associated with connective
tissue disorders, autoimmune diseases (rheumatoid arthritis,
systemic sclerosis or systemic lupus erythematosus) or other
causes (such as previous head and neck radiotherapy or anti-
depressant drugs). Therefore, it is important to identify prima-
ry Sjogren’s syndrome (pSS) among various aetiologies given
that clinical and therapeutic approaches are different [4].
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Diagnostic approach in pSS is impervious because the clas-
sification criteria, essential to ensure standardization in
multicentre studies, show good but not excellent accuracy in
clinical settings [5].

Among the various symptoms, xerostomia is an aspecific
one. Various methods are available to assess salivary gland
involvement, and each one measures different features of sal-
ivation: in addition, salivary gland biopsy, performed on mi-
nor labial glands, identifies only non-specific lymphocytic
infiltration [6].

Salivary gland dynamic scintigraphy (SGdS) has been pro-
posed as a valid and non-invasive tool to evaluate salivary
gland involvement in xerostomic patients. It provides a de-
tailed functional assessment of each salivary gland, and it
measures various quantitative parameters [6]. Over the past
decades, a variety of different quantitative values have been
suggested, but no consensus was reached on which parameters
will be more accurate for pSS diagnosis [1, 7-10].

The aim of this study was the assessment of semi-
quantified salivary gland dynamic scintigraphy (SGdS) pa-
rameters independently and in an integrated way in order to
predict pSS.

Materials and methods
Patient selection

In this retrospective study, from September 2008 to
March 2012, 46 consecutive patients (5 males, 41 females;
61 £ 11 years mean + DS), referred to our department for
suspected pSS and underwent SGdS.

The exclusion criteria were HCV infection, acquired im-
munodeficiency syndrome (AIDS), sarcoidosis and hyperthy-
roidism; no subject had a history of lymphoma or head and
neck radiation.

In order to confirm pSS diagnosis, one experienced rheu-
matologist applied the American-European Consensus Group
criteria (AECGc) [5]. In sixteen patients, pSS was diagnosed
according to AECGec.

The institution ethic committee approved this study, and
informed consent for the study was obtained from all the
participants.

Imaging technique

Imaging was performed using a gamma camera (Philips
Axis) equipped with low-energy and high-resolution
parallel-hole collimators (LEHR). Scintigraphy was per-
formed in three steps: syringe counts before injection
(first step)—a syringe with 200 MBq pertechnetate
9mTcO,” was placed at 20 cm from gamma camera
head, and the image was acquired during 45 s (matrix
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128 x 128, zoom 2, pixel size 2.33 mm, energy window
140 = 10% keV). In the second step—the patient was
placed supine for an anterior head-neck dynamic imag-
ing starting at pertechnetate i.v. administration (40
frames, 45 s per frame, 30 min). After 15 min, salivary secre-
tion was stimulated with 5 ml of lemon juice, administered
with a straw avoiding patient’s head movements. Syringe
counts after injection—the empty syringe activity was mea-
sured as described in the first step.

Image analysis

The images were qualitatively assessed by two operators.
Afterwards, manual shaped regions of interest (ROIs) were
drawn on parotid and submandibular glands on both sides.
A rectangular background ROI was placed in the right frontal
region (Fig. 1). After background subtraction, data were plot-
ted on separated time-activity curves for each region.

From time-activity curves, the maximum value before
juice administration and the minimum value after juice
administration were obtained; from these data, two
semi-quantitative parameters were computed according
to Eqgs. (1) and (2): uptake (UP) and excretion fraction
(EF), respectively.

[ROIgland (counts/pxl)~ROlpackground (€O unts/pxl)} *ROlglandsurface (PXIS)

= uUpP
EAI(counts)

(1)

EAL: effective activity injected = syringe counts before
injection — syringe counts after injection.

maximum counts before lemon juice — minimum counts after lemon juice

= EF
maximum counts before lemon juice — background uptake

(2)

Since no significant difference was found between
the right and the left sides for both parotids and sub-
mandibulars glands (paired ¢ test), averages of results
from the two sides were considered for accuracy pur-
poses of this study.

To assess the inter-operator reproducibility, images were
independently analysed by three operators, with different ex-
perience (M.M, S.C. and E.P.). The data obtained by each
operator for every gland were compared with the correspond-
ing data obtained by the other two operators.

Sjogren’s syndrome disease activity index and SGdS
European League Against Rheumatism (EULAR) pro-

moted and developed the EULAR Sjogren’s syndrome
disease activity index (ESSDAI). This model is
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Fig. 1 Two SGdS samples
processing and corresponding
time-activity curves. a SGdS
normal pattern of a 54-year-old
woman complaining of
moderately dry mouth since a
month; b SGAS abnormal pattern
of a 46-year-old woman affected
by sicca symptoms since a year,
subsequently classified as pSS, on
the basis of AECGc

composed of 12 organ-specific “domains” contributing
to disease activity. For each domain, features of disease
activity were classified in three or four levels according
to their severity [11].

ESSDAI was quantified as the sum of all domain weights.
For all pSS patients, ESSDAI was correlated with SGdS
results.

Statistical analysis

On the basis of AECGec, results were classified with
regards to pSS diagnosis; sensitivity, specificity, accura-
cy, positive predictive value (PPV) and negative predic-
tive value (NPV) of semi-quantitative results were
analysed by ROC curves. The area under the curve
(AUC) was calculated to establish accuracy of SGdS
data.

On the basis of semi-quantitative data obtained for
each major salivary gland by the three operators, the
intra-class correlation coefficient (ICC) was calculated.

A multivariate analysis was performed to define the
disease probability according to scintigraphy data.

All statistical analyses were performed by using Med
Calc vers. 12 (MedCalc Software, Mariakerke, Belgium)
and SPSS vers. 19 (IBM Corporation, Armonk, NY,
USA). P value <0.05 was considered statistically
significant.
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Results
Univariate analysis

All semi-quantitative values (both parotid and subman-
dibular UP and EF) were significantly lower in pSS
patients compared to those in no-pSS patients. For each
semi-quantitative value, ROC-curve AUC was bigger
than 0.78, p value <0.05 (Table 1). The best cut-off
for each dataset is summarized in Table 1.

Multivariate analysis and integrated evaluation
of the salivary gland dynamic scintigraphy

The role of each parameter in a multivariate setting was
evaluated by logistic regression (stepwise with con-
straints 0.05; 0.1). Among the four data, only parotid
UP and submandibular EF showed to be independently
and significantly correlated with the final diagnosis (p
value <0.02 for both).

The logit function that described this correlation is as fol-
lows:

logit(p) = 4.619-11.2582*P.UP-0.0628*S.EF

In order to estimate the probability of disease, a no-
mogram was built according to this logistic regression
(Fig. 2); values obtained with nomogram were analysed
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Table 1

Semi-quantitative data of each pair of major salivary glands and relative cut-off values; both uptake (UP) and excretion fraction (EF) clustered by

diagnosis (pSS = primary Sjogren syndrome; no pSS = no primary Sjogren syndrome) according to AECG (American-European Consensus Group) criteria

DIAGN No pSS pSS
N Mean 95% CI N Mean 95% C1 t test ROC analysis Cut-off
p value AUC p value
P. UP 30 0.369 0.277-0.461 16 0.163 0.110-0.216 0.0002 0.846 0.0001 0.240
P. EF 30 62.280 57.180-67.379 16 35.886 21.050-50.722 0.002 0.788 0.0001 46.580
S.UP 30 0.277 0.224-0.330 16 0.130 0.082-0.178 0.0005 0.820 0.0001 0.185
S.EF 30 52.440 47.422-57.452 16 29.375 18.588-40.163 0.0005 0.838 0.0001 43.245

N number of cases, 95% CI 95% confidence interval, AUC area under the curve, P parotid, S submandibular

by ROC curve: AUC was 0.91 (p = 0.0001) with sen-
sitivity 75%, specificity 93% and accuracy 87%; best
disease probability threshold estimated by the nomo-
gram was 56% (see Fig. 3).

Inter-operator reproducibility

ICC showed a significant correlation (p < 0.0001)
among all the operators with all the coefficients in the
interval 0.87-0.96; however in all cases, ICC was
higher for gland UP than that for EF (Table 2).

Correlation between salivary gland dynamic scintigraphy
and disease activity

No significant correlation has been found between ESSDAI
value and SGdS semi-quantitative parameters (UP, EF and

nomogram results); R* was lower than 0.18 for each data set
(Fig. 4).

Discussion

The diagnostic role of SGAS in pSS patients has been studied
for years, and several approaches have been proposed [1-4,
6]. Aung et al. and Loufti et al. proposed quantitative and
semi-quantitative parameters (uptake ratio, excretion ratio,
maximum activity and excretion velocity). Semi-quantitative
analysis showed to be able to define the clinical stage of pSS
in equivocal cases and was accurate in both diagnosis and
follow-up [9, 12]. Also Vinagre et al. confirmed that the use
of semi-quantitative values can increase SGdS accuracy [1].
Other authors suggested that a scoring system of dynamic
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Fig. 2 Nomogram, built according to multivariate analysis, which
predicts pSS probability on the basis of parotid UP (p.UP) and
submandibular EF (s.EF). To calculate pSS probability, locate the
patient value of p.UP to the corresponding axis; from this value, draw a
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line straight upward to the top point axis. Note the value. Repeat the
process for s.EF. Sum both values and locate the final sum on the total
point axis. Draw a line straight down on the bottom axis to find pSS
probability
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Fig. 3 pSS-integrated probability between parotid UP and
submandibular EF of each patient (no pSS on the left hand-side and
pSS on the right hand-side), according to the logistic regression

scintigraphy is an objective and reproducible method for eval-
uating salivary gland function in patients with pSS [6, 7, 13].

On the other hand, several colleagues expressed some con-
cerns about the use of SGAS as a first-choice investigation in
patients with suspected pSS [6, 14]; others underlined the low
accuracy and the lack of standardized parameters as well as
interpretation of SGdS in order to impact the diagnosis and
management of pSS [8, 10]. Furthermore, Kim et al. affirmed
that qualitative analysis showed higher diagnostic utility than
semi-quantitative assessment [15].

Although previous studies have compared pSS pa-
tients with healthy volunteers [2, 16], in daily routine,
the definition of correct therapeutic approach requires

Table 2 Mean values for each operator and parameter, as well as ICC

Mean uptake % ICC  Mean EF % ICC
OP1 OP2 OP3 OP1 OP2 OP3
Right parotid
NopSS 035 035 033 0954 586 563 564 0.962
pSS 021 024 020 51.7 511 526
Left parotid
NopSS 031 033 030 0924 565 573 535 0.892
pSS 0.18 021 0.18 48.1 465 504
Right submandibular
nopSS 024 026 025 0928 543 488 524 0922
pSS 0.12 0.14 0.13 342 324 373
Left submandibular
NopSS 023 023 024 0921 S51.1 459 498 0.870

pSS 011 012 0.13 382 31.0 379

OP operator, EF' excretion fraction, /CC intra-class correlation coeffi-
cient, pSS primary Sjdgren syndrome

identification of pSS patients among subjects already
showing xerostomia. Our work points out the SGdS
key role in a group of patients affected by xerostomia.

As already stated, our data do not show any difference
between the salivary gland on the two sides. At univariate
analysis, each assessed semi-quantitative value (both parotid
and submandibular UP and EF) showed to be significantly
lower in patients with pSS: these results confirm other previ-
ous findings [1, 6, 7, 9, 12, 13].

Furthermore, multivariate analysis showed that only
parotid UP and submandibular EF were independently
correlated with pSS diagnosis. In fact, our results, in
keeping with other papers [12, 16], stress the essential
role of excretion fraction, in particular of submandibular
glands, in order to detect pSS in its earliest phases,
reflecting the particular and prior impairment of these
glands. Then, our study showed also the impairment
of parotid glands in patients affected by pSS; in partic-
ular, quantifying by their uptake, the reduction of these
glands is noteworthy, consequently to the parenchyma
destruction caused by the lymphocytic infiltration.

Moreover, a nomogram was built to define disease
probability (Fig. 2). To calculate pSS probability on this
nomogram, the reader should locate the patient value of
p.UP to the corresponding axis; from this value, should
draw a line straight upward to the top point axis. Then,
note the value. Repeat the process for s.EF. Sum both
values and locate the final sum on the total point axis.
Finally, the reader should draw a line straight down on
the bottom axis to find pSS probability.

To date, no nomogram or other statistical instruments
of integrated probability have been suggested in order to
predict pSS, except a hint in a recent work of Zou [2].
A nomogram is a simple and helpful tool which allows
clinicians to define the disease probability. Therefore, it
can be helpful in decision-making process.

Lack of standardization among nuclear medicine cen-
tres caused concerns about the utility of SGdS.

Standardization of procedures, according to Anjos et al.
(measure of injected activity, background subtraction), allows
a reproducible estimation of salivary glands UP and EF and
allows a comparison among centres as well as longitudinal
evaluations of disease [17].

Moreover, the standardization of procedures ensures
intra-operator reproducibility. In our settings, results
from the three operators showed an excellent agreement
despite the operators’ different experience, likely be-
cause the learning curve for semi-quantitative analysis
is faster than the know-how acquisition for qualitative
evaluation.

In our opinion, the lack of correlation between SGdS
data and ESSDAI reveals that accuracy of SGdS in
predicting pSS is independent from the disease severity,
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Fig. 4 Correlation between SGdS semi-quantitative parameters (UP, EF of parotid and submandibular glands and integrated evaluation with parotid
gland UP and submandibular gland EF) and ESSDAI value and the respective R

even though we cannot exclude the impact of under-
powered statistics.

Limitations of this study were its retrospective nature, the
small number of patients and the absence of quantitative eval-
uation on healthy control group.

Conclusion

The optimal reproducibility of semi-quantitative evaluation
and the accuracy of each gland parameter make SGdS an
instrument of primary importance in pSS diagnosis. In addi-
tion, its excellent accuracy seems to be unaffected by the dis-
ease severity. The proposed nomogram shows to be effective
in defining the disease probability; its results can be reported
by nuclear medicine physicians. Furthermore, SGdS is not a
very expensive exam; it delivers low radiation exposure to
patients and is quite widespread on both high- and low-
income countries.

Therefore, SGAS in sicca syndrome should be always car-
ried out, and, even better, in our opinion, it should be a first-
line instrumental investigation.
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