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Diagnostic value of quantitative SPECT/CT in assessing active sacroiliitis in
patients with axial spondylarthritis and/or inflammatory low back pain

Valor diagnostico de la SPECT/TAC cuantitativa en la evaluacion de la
sacroilitis activa de pacientes con espondilartritis axial y/o dolor lumbar

inflamatorio
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ABSTRACT

Background. The diagnostic accuracy of bone scintigraphy (BS)
increases with SPECT/CT imaging. It would therefore be appro-
priate to reassess the diagnostic utility of scintigraphy in sacroil-
iitis with axial spondyloarthritis (SpA). The aim of this study was
to compare the diagnostic performance of MRI, SPECT/CT and
a combination of both techniques in sacroiliitis, and to evaluate
the correlation between quantitative SPECT/CT indices and quan-
titative MRI inflammatory lesion scores.

Methods. Thirty-one patients with active SpA and 22 patients
with inflammatory low back pain underwent MRI and SPECT/
CT of the sacroiliac joints. The diagnostic accuracy of both tech-
niques was calculated using clinical diagnosis as the gold stand-
ard. The correlation between MRI and SPECT/CT was calculat-
ed by comparing the SPECT/CT activity indices and the Berlin/
SPARCC scoring systems for MRI.

Results. The sensitivity and specificity values in quantitative
SPECT/CT, taking the sacroiliac/promontory ratio of >1.36 as the
cut-off value, were close to those from MRI published in the lit-
erature. The combination of both techniques increased sensitivity
while maintaining high specificity. There was a moderate correla-
tion between SPECT/CT and MRI total scores. This correlation was
improved by using solely the MRI inflammation scores.

Conclusion. Quantitative SPECT/CT showed better diagnostic accu-
racy than planar scintigraphy and showed a moderate correlation
with MRI scores in active sacroiliitis. The combination of both tests
increased the diagnostic accuracy. Quantitative SPECT/CT could
play a relevant role in the diagnosis of active sacroiliitis in patients
with high a suspicion of SpA and a negative/inconclusive MRI test
or in patients with whom MRI studies cannot be carried out.

Keywords. Diagnoses. Sacroiliitis. Spondyloarthritis. Bone scin-
tigraphy. Magnetic resonance imaging.

RESUMEN

Fundamento. La precisién diagndstica de la gammagrafia 6sea
(GO) aumenta con las imdgenes SPECT/TAC haciendo convenien-
te reevaluar su utilidad diagndstica en la sacroilitis de la espondi-
loartritis axial (EA). El objetivo fue comparar el rendimiento diag-
noéstico de la resonancia magnética (RM), la SPECT/TC y ambas
pruebas combinadas, y evaluar la correlacién entre los indices
cuantitativos de ambas técnicas.

Métodos. A 31 pacientes con EA activa y 22 con lumbalgia infla-
matoria se les realizé una RM y una SPECT/TC de las articulacio-
nes sacroiliacas y se calculd la precisién diagndstica de ambas
técnicas respecto al diagnédstico clinico. La correlacién entre
ambas pruebas se calculé comparando los indices de actividad
del SPECT/TC con los sistemas de puntuacién Berlin y SPARCC
de RM.

Resultados. Los valores de sensibilidad y especificidad de la
SPECT/TC cuantitativa, tomando como punto de corte el cociente
sacroiliaca/promontorio >1,36, fueron similares a los publicados
parala RM. La combinacién de ambas técnicas aumentd la sensi-
bilidad manteniendo una alta especificidad. La correlacién entre
las escalas totales de RM y SPECT/TC fue moderada y mejoraba al
utilizar Unicamente las escalas de inflamacién.

Conclusiones. La SPECT/TC cuantitativa muestra una mejor pre-
cisién diagndstica que la GO planar en la sacroilitis activa y una
correlacién moderada con las puntuaciones de RM. La combi-
nacién de ambas técnicas aumenta la precisién diagnéstica. Por
tanto, la SPECT/TAC cuantitativa podria tener un papel relevante
en el diagnédstico de sacroilitis en pacientes con alta sospecha de
EA y RM negativa/no concluyente o en aquellos pacientes en los
que no se pueda realizar una RM.

Palabras clave. Diagndstico. Sacroilitis. Espondiloartritis. Gam-
magrafia. Resonancia magnética.
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INTRODUCTION

Axial spondyloarthritis (SpA) is a chronic in-
flammatory disease with an estimated prevalence
of around 0.2 to 1.2%"2. It typically begins in the
third decade of life, with inflammatory back pain,
peripheral arthritis and enthesitis as its main clin-
ical characteristics®. The sacroiliac joints are the
most commonly affected joints, and sacroiliitis is
a part of all SpA classification criteria currently
used*. Despite being a relatively common disease,
there is an average diagnostic delay of eight years
from the onset of symptoms?®.

Over the last ten years, magnetic resonance im-
aging (MRI) has been regarded as the gold standard
technique for the detection of acute injuries to the
sacroiliac joints and spine>!°. However, it has cer-
tain limitations: it has low sensitivity in the initial
stages of the disease (54 %) and only 30 % of patients
with low back pain (LBP) present signs of sacroilii-
tis'¥1% only a few centers have rapid access to MRI
with the required technical characteristics and not
all SpA patients can undergo MRI, for reasons such
as claustrophobia, pacemakers, vascular prosthe-
ses, etc. The Assessment of the SpondyloArthritis
international Society (ASAS) criteria use bone mar-
row oedema (BME) as a diagnostic criterion to de-
fine active sacroiliitis*, but the lack of specificity
of this sign in low-grade sacroiliitis has shifted the
focus of research in recent years towards structural
lesions®™.

On the other hand, bone scintigraphy (BS) is a
technique that has demonstrated its efficacy in the
detection of subclinical peripheral arthritis's, mak-
ing it possible to state the disease activity in SpA pa-
tients in routine clinical practice. However, the role
of BS in detecting sacroiliitis in SpA patients has
historically been more controversial’®'. In 2008, a
systematic review by Song et al stated that BS does
not seem to be useful in the early diagnosis of pa-
tients with suspected sacroiliitis after finding sen-
sitivity, specificity and positive predictive values of
64.9, 50.5 and 1.3, respectively*®.

The incorporation of hybrid single photon emis-
sion computed tomography (SPECT/CT) has helped
to address one of the major disadvantages of BS:
the lack of anatomical resolution of planar imag-
es. Thanks to the SPECT/CT images, we can now
exclude all elements that interfere in the quanti-
fication of counts in the regions of interest (ROIs),
thus improving the sensitivity and specificity of the
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exploration, both qualitatively and semi-quantita-
tively?2, In the specific case of sacroiliac joints,
this advantage is especially relevant because, given
their anatomical location, they are very difficult to
evaluate in a planar image, which generates an in-
ter-observer bias based on the accuracy of the loca-
tion of the ROIs. In contrast, when using SPECT/CT
images to define anatomical contours, ROIs can be
accurately drawn. Two other advantages of SPECT/
CT images are the possibility of obtaining three-di-
mensional counts indices by volumetric analysis of
the joint using volumes of interest (VOIs) and the
improvement of the SPECT image quality when us-
ing the CT component for the correction of SPECT
attenuation. Furthermore, CT images allow us to
distinguish chronic changes in the joint such as
erosions, sclerosis and ankylosis.

Despite all these advantages, the evaluation of
the usefulness of SPECT/CT in the diagnosis of sac-
roiliitis in patients with active SpA and inflammato-
ry LBP has not been fully addressed®?.

The objective of this study is therefore to com-
pare both the diagnostic performance and the
quantitative parameters of SPECT/CT with those of
MRI, and to evaluate the combination of both tech-
niques for the diagnosis of sacroiliitis.

METHODS

In this prospective study, outpatients with chron-
ic inflammatory low back pain and disease onset
before 45 years of age who attended the Rheuma-
tology clinic of our hospital (Clinica Universidad de
Navarra, Pamplona, Spain) within a period of six
years were recruited. The study was approved by
the ethics committee of the hospital.

All patients met the new ASAS classification cri-
teria for SpA or inflammatory low back pain (LBP)
without meeting the criteria for axial spondyloar-
thritis!®. The disease had to be clinically active at
the time of inclusion. Active disease was defined as
a Bath ankylosing spondylitis disease activity index
(BASDAI) > 4 and/or low lumbar pain >4 measured
by the visual analog scale (VAS). The diagnosis of
SpA and LBP was based on the judgment of the
rheumatologist who attended the patient in the
consultation.

The following demographic and clinical varia-
bles were collected from all patients: age (years),
sex, symptoms duration (months), Schober test
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(cm), visual analog scale for low back pain (VAS),
Bath ankylosing spondylitis disease activity in-
dex (BASDAI), C reactive protein CRP (mg/dL) and
erytrocyte sedimention grade (ESG).

SPECT/CT and MRI imaging procedures were
performed within two weeks of the medical visit.

SPECT/CT protocol. The *"Tc-HDP (hydroxy-
diphosphonate labeled with *™Tc) radiopharma-
ceutical was administered intravenously at a dose
of 1000 Bg/Kg. Planar image was systematically
performed two hours after the radiopharmaceuti-
cal injection. Anterior and posterior planar images
of the whole body were acquired with the patient
in the supine position, using a double-head gam-
ma camera (Siemens Symbia T2) with a low-ener-
gy, high-resolution collimator, an energy window
of 140 + 10.5 KeV and 256 x 1024 acquisition matrix,
being the scanning speed of 12 cm/min. Once the
planar image was completed, the SPECT/CT study
of the lumbosacral area was systematically per-
formed. The SPECT was performed with a 128 x 128
matrix, using both detectors, obtaining 90 images
(7 seconds/image). Noncontrast CT was acquired
immediately after the SPECT with the patient in
the same position (130 images were obtained with
athickness of 3mm, 110 mAs and 130 Kv) to use the
bone window for image evaluation.

DIAGNOSTIC VALUE OF QUANTITATIVE SPECT/CT IN ASSESSING ACTIVE
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Quantitative analysis was carried out by analys-
ing VOIs in various regions of sacroiliac joints to
obtain the counts for each region. These ROIs were
selected from the left and right iliac bones and the
sacral promontory. Furthermore, since the inferior
pole of the sacroiliac joints is more active during in-
flammatory processes, ROIs were also drawn there.
The quantification of the maximum value in each
ROI was calculated from the VOIs counts of the total
sacroiliac joint with respect to the sacral promon-
tory (total S/P index) and of the inferior sacroiliac
joint with respect to the sacral promontory (inferior
S/P index) (Fig. 1). Two Nuclear Medicine special-
ists evaluated the SPECT/CT images, performing a
systematic reading of the joints from front to back.
When assessing the image, the normal qualitative
pattern in SPECT/CT was defined as the absence of
hypercapitant uptake foci between both sacroiliac
joints and a homogeneous increase in uptake, sym-
metrical to that of the bone marrow. The qualita-
tive pathological pattern on SPECT/CT was defined
as the presence of asymmetric hypercapitant foci
when compared to the iliac blade or the lumbar
spine. The quantitative pathological pattern on
SPECT/CT was defined as any uptake of the sacroil-
iac joint that exceeded the best cut-off point of the
receptor operating characteristic (ROC) curve.

Figure 1. SPECT/CT. Bilateral sacroiliitis.

RM protocol. The MRI devices used for this study
were Magneton Symphony, Magneton Aera and
Magneton Skyra (Siemens Healthineers). Coronal
T1 and STIR sequences angled parallel to the sacro-
iliac joint and T2 sequences in the axial plane were
included. The scanned parameters for all sequenc-
es were as follows: 20 slices, 4-5 mm thick per slice,
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Red colour indicates inflammation.

0.4 mm gap between slices and a 300-400 mm field
of view. The parameters for the T1 sequence were:
1,240 msec repetition time, 15 msec echo time, echo
train 3 distance and matrix 226 x 512 pixels. For the
STIR sequence, the parameters were: repetition
time 5,000 msec, inversion time 130 msec, echo
time 25 msec, echo train distance 7 and matrix 218
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- 256 x 256 pixels. The parameters for the transverse
T2 sequence were as follows: 3680 msec repetition
time, 84 msec echo time, echo train 5 distance,
and matrix 216x100 pixels. These are the scanner
sequences and parameters that are routinely used
for pelvic MRI scanning in patients with SpA at our
institution. Contrast was not administered.

Two radiologists evaluated the MRI images with
systematic front-to-back reading. Standardised
definitions of lesions, and the diagnosis of active
sacroiliitis on MRI were adopted based on the new
ASAS classification criteria®. In order to quanti-
fy active inflammatory lesions, we used the two
most commonly used MRI scores in SpA clinical
trials: the Berlin score and the Spondyloarthritis
Research Consortium of Canada (SPARCC) score®.

The studied variables were described by mean
and standard deviation (SD) or median and inter-
quartile range (IQR) if quantitative, and by frequen-
cy and percentage if qualitative. Inflammatory ac-
tivity was measured in both groups (axial SpA and
inflammatory low back pain) with MRI and SPECT/
CT. The diagnostic performance of both techniques
was studied by calculating the sensitivity, speci-
ficity, and positive and negative predictive values
that, in the case of SPECT/CT, were obtained from

DIAGNOSTIC VALUE OF QUANTITATIVE SPECT/CT IN ASSESSING ACTIVE
SACROILIITIS IN PATIENTS WITH AXIAL SPONDYLARTHRITIS AND/OR
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the ROC analysis. Furthermore, the area under
the curve (AUC) and its 95% confidence interval
(95%CI) were obtained for the quantitative indices
of SPECT/CT and MRI.

Comparison between quantitative indices was
made by Fisher’s test and Mann-Whitney’s U. The
correlation between the MRI and SPECT/CT indices
was calculated using the Sperman’s rho correlation
coefficient between the maximum SPECT/CT S/P
index (total and inferior) and Berlin and SPARCC
MRI total scores (which measure medular edema
lesions along with fatty lesions, erosions, ankylo-
sis and sclerosis lesions) and inflammation scores
(which only measure medular edema lesions).

RESULTS

A cohort of 53 patients was recruited, 31 (58 %)
with SpA and 22 with inflammatory low back pain.
Both groups were similar in terms of demograph-
ic and clinical characteristics (Table 1) except for
greater low back pain measured by VAS and eryth-
rocyte sedimentation grade in SpA patients. HLA
B27 was positive in 80 % of the patients in the SpA
group.

Table 1. Clinical and demographic characteristics of the patients

SpA (n=31) LBP (n=22) P
Age (years)? 37.7 (10.9) 39.1(7.7) 0.628¢
Symptoms (months)® 48 (24-102) 26 (18-72) 0.402¢
Sex (male)° 17 (54.8 %) 9 (40.9 %) 0.406¢
HLA B27 + 25 (80.6 %) 0 -
VASP 6 (4-7) 4 (4-5) 0.040¢
BASDAI* 40.4 (31.9) 44.8 (23.3) 0.487¢
CRP (mg/dL) 0.17 (0.076-0.60) 0.11 (0.064-0.727) 0.372¢
ESGP 10 (3-12.5) 3.5 (2-10) 0.074¢
Schéber (cm)® 4 (3-4.25) 3.75 (3-4) 0.362°

SpA: Spondyloarthritis; LBP: low back pain; VAS: visual analog scale for low back pain; BASDAI: Bath an-
kylosing spondylitis disease activity index; CRP: C reactive protein; ESG: erytrocyte sedimention grade;
2 mean (standard deviation); »: median (interquartilic range); = n (%); ¢: Student-t; &: U-Mann Whitney; f:

Fisher exact test.

The frequency of patients with positive results
for sacroiliitis in qualitative SPECT/CT were 23
(74.2%) in SpA group and 13 (59.1 %) in LBP group.
This yielded a sensitivity of 74.1 % and a specificity
of 40.9% (Table 2).
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Regarding the diagnostic performance of quanti-
tative SPECT/CT, the ROC analysis performed on the
uptake of the sacroiliac joint (total S/P index) yielded
an AUC value of 0.67 (95%CI: 0.53-0.79) and an opti-
mal cut-off point of 1.36. This cut-off point showed
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amoderate sensitivity (51.6 %) and a high specificity
(86.3%) (Table 2). Only three patients (13.6 %) in the
low back pain group obtained positive results (false
positive cases). The median value of the total S/P
index was significantly lower in the low back pain
group compared to the SpA group (1.12, RIC: 1.04-
1.31 vs. 1.36, RIC: 1.09-1.68, p=0.036).

Positive MRI result for sacroiliitis was observed
in 18 (58.1%) patients in the SpA group and in no
patients in the low back pain group. The ROC anal-
ysis performed using the MRI inflammation Ber-
lin and SPARCC scores resulted in an AUC value of
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0.79 (95%CI: 0.66-0.89) with a moderate sensitivity
(58.06 %) and a very high specificity (100 %). ROC
analysis using the MRI Berlin and SPARCC total
scores resulted in an AUC value of 0.80 (95%CI:
0.66-0.90) for the Berlin scale and 0.78 (95%CI:
0.66-0.90) for the SPARCC scale. Again, sensitivity
(71 %) and specificity (81.8 %) values were identical
in both scales (Table 2).

The combination of both tests, quantitative
SPECT/CT and MRI inflammation scores, improved
sensitivity (67.7 %) and maintained high specificity
(86.3%) compared to individual tests.

Table 2. Diagnostic performance of SPECT/CT and MRI regarding the clinical diagnosis of axial

spondylarthritis (gold standard)

Sensitivity Specificity PPV NPV
SPECT/CT
Qualitative 74.1 40.9 63.8 52.9
(55.3-88.1) (20.7-63.6) (46.2-79.1) (27.8-77)
Quantitative 51.6 86.3 84.2 55.9
(cutoff=1.36) (33-69.8) (65-97) (60,4-96.6) (37.8-72.8)
MRI score
Inflammation 58 100 100 62.8
(39-75.4) (84.5-100) (81.4-100) (44.5-78.5)
Total 70.9 81.8 84.6 66.6
(51.9-85.7) (59.7-94.8) (65.1-95.6) (46-83.4)
MRI + SPECT/CT
67.7 86.3 87.5 75.4
(48.6-83.3) (65-97) (67.6-97.3) (61.7-86.2)

All values were accompanied by their 95% confidence intervals; PPV: positive predictive value; NPV: neg-

ative predictive value.

When we used the MRI inflammation score as
gold standard for active sacroiliitis instead of clin-
ical diagnosis, we found the following values for
the quantitative SPECT/CT test: 72.22 % sensitivity,
76.9 % specificity, 81.3% PPV and 66.7 % NPV.

Inboth groups, SPECT/CT total S/P scores showed
a moderate correlation with MRI total scores
(rtho=0.51, p<0.001) and slightly higher correla-
tion with MRI inflammation scores (rho=0.58 with
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Berlin and rho=0.6 with SPARCC, both p<0.001).
No correlation was found with fat scores (rho=0.14
with Berlin and rho=0.15 with SPARCC) (Table 3).
In the SpA group, the correlation between SPECT/
CT S/P scores and MRI total scores was higher for
inferior S/P scores (0.411 vs. 0.367, both p>0.01)
and MRI inflammation scores (0.668 vs. 0.602, both
P <0.001) scores, upgrading from medium to mod-
erate (Table 3).
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Table 3. Correlation (Spearman’s rho) between SPECT/CT (total and inferior) sacroiliac/pro-
montory indices and MRI Berlin-SPARCC (total and inflammation) scores

Total Score Inflammation Score Fat Score
Berlin SPARCC Berlin SPARCC Berlin SPARCC

All patients

S/P total 0.505 0.509 0.582 0.596 0.143 0.154

p-value <0.001 <0.001 <0.001 <0.001 0.307 0.270
SpA patients

S/P total 0.367 0.380 0.602 0.634

p-value 0.042 0.035 <0.001 <0.001

S/P inferior 0.411 0.403 0.668 0.657

p-value 0.022 0.024 <0.001 <0.001

S/P total: total sacroiliac/promontory index; S/P inferior: inferior sacroiliac/promontory index.

DISCUSSION

The demographic characteristics of this study
group, with a mean age of 38 years, predominantly
male and 80 % of HLA B27 positive cases, are sim-
ilar to other SpA cohort studies published in the
literature®>"12,

The main objective of our study was to analyze
the role of quantitative SPECT/CT, quantitative MRI
and their combination in the diagnosis of active
sacroiliitis.

Quantitative SPECT/CT yielded, for a cut-off val-
ue of 1.36, a sensitivity of 52% and a specificity of
86 %. These values differ from the three studies
published in the literature that compare quantita-
tive SPECT/CT and MRI in active SpA sacroiliitis (al-
though none of them use quantitative MRI scales).
Kim et al*® found that, for a cut-off value of 1.5, the
sensitivity and specificity values of the quantita-
tive SPECT/CT were 90% and 80 %, respectively.
The differences with our study are due to the dif-
ferent cut-off values used and the fact that Kim et
al compared SpA patients to healthy subjects rather
than to inflammatory low back pain patients. In the
second study, Cui et al”” found that, with a cut-off
value of 1.34, the quantitative SPECT/CT test had a
sensitivity of 92 % and a specificity of 62 %. The use
of histological sacroiliitis as the gold standard in-
stead of clinical diagnosis would probably explain
these differences. Undoubtedly, histological sacro-
iliitis is the best possible gold standard, but its high
cost and the risks it poses for the patient make it
difficult to perform. The third study by Parghane
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et al® used MRI rather than clinical diagnosis as
the gold standard. They studied 155 SpA patients
without a control group and found that, for a cut-
off value of >1, the sensitivity and specificity values
of the quantitative SPECT/CT were 90% and 80 %,
respectively. Again, the differences with our study
(72 % sensitivity, 77 % specificity) may be due to the
different cut-off values used.

Given that we were trying to discriminate be-
tween patients with inflammatory low back pain
and patients with active SpA, a test with high spec-
ificity and good diagnostic precision was required.
This first condition was supported by the gain in
specificity achieved when quantitative SPECT/CT
was used instead of a qualitative test (86 vs. 41 %).
However, if we compare the SPECT/CT data of our
study with the bone planar scintigraphy results
from a systematic review by Song et al’®, we ob-
serve a mild loss in sensitivity (65 vs. 52 %) with a
significant increase in specificity (50 vs. 86 %).

If we analyze the role of MRI in the diagnosis of
active sacroiliitis through the data obtained from
the MRI inflammation scores (58 % sensitivity and
100 % specificity), the results were slightly better
than those described in the literature (51% and
97 %)*, highlighting the fact that chronic lesions
interfere with the MRI results.

The use of a combination of MRI and SPECT/CT
resulted in a gain in sensitivity with a slight loss
of specificity with respect to the MRI values (67
vs. 58 % sensitivity; 86 vs. 100 % specificity). Con-
sequently, six of the thirteen patients (40%) with
clinically diagnosed SpA and negative MRI became
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positive, confirming the clinical suspicion of active
sacroiliitis.

Thanks to the MRI indices, we were able to verify
that chronic injuries in sacroiliac joints (fat, erosion
and ankylosis lesions) are much less susceptible to
being captured by the SPECT/CT test than inflam-
matory lesions, reinforcing the hypothesis that
the SPECT/CT test should be used in patients with
non-chronic stages of SpA. However, when we tried
to see if the study of the lower area of the sacroiliac
joints, where the main inflammation in SpA patients
occurs, was better than the study of the total joint
area, we did not find any significant differences be-
tween both indices. We were also unable to find a
correlation between higher SPECT/CT uptake and
higher MRI scores. This is probably due in both cas-
es to the high number of low-grade positive values
among the MRI positive tests of our SpA patients.

In conclusion, the results of our study show that
quantitative SPECT/CT has a similar sensitivity and a
slightly lower specificity than MRI for the diagnosis
of active sacroiliitis in SpA patients, with a signifi-
cant increase in specificity with respect to planar
BS. Furthermore, the combination of both tech-
niques brings about a notable increase in sensitivity
while maintaining a specificity close to 90 %, mak-
ing for a reduction in a false negative of the MRI.
There was a moderate correlation between SPECT/
CT and MRI for the measurement of active sacroilii-
tis. This correlation improves with the use of quanti-
tative SPECT/CT (SI/PM index >1.36) and the MRI in-
flammation scales that rule out chronic lesions (fat,
sclerosis, ankylosis and erosive lesions). Due to the
small study sample, we were unable to confirm the
correlation between the MRI inflammation scales
and the SPECT/CT uptake index, which would in-
crease the diagnostic/prognostic value of SPECT/CT
and help the clinician make therapeutic decisions.

While we hope to confirm these findings with
larger sample size studies, we believe that quanti-
tative SPECT/CT could play a relevant role in the
diagnosis of active sacroiliitis in patients with in-
flammatory low back pain with high suspicion of
SpA and a negative/inconclusive MRI test or in pa-
tients on whom MRI studies cannot be performed.
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