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- ABSTRACT

The work in this Thesis explores the role of different diagnostic imaging
techniques in the characterization and early diagnosis of Spondyloarthritis and Psoriatic

Arthritis and studies imaging and clinical indicators of prognosis in these diseases.

First, we studied the prevalence of bone marrow oedema on magnetic resonance
imaging (MRI) in patients with axial Psoriatic Arthritis compared to patients with non-
radiographic axial Spondyloarthritis and Ankylosing Spondylitis in relation to HLA-
B27 status. In this study, it was shown that patients with Psoriatic Arthritis who were
HLA-B27 positive had a comparable amount of inflammatory burden to patients with

Ankylosing Spondylitis.

Using ultrasound, several studies were performed in relation to the enthesis.
Firstly, focused in the ultrasound assessment of the retro-calcaneal bursa at the Aquilles
enthesis showing that this is a commonly affected entheseal site in early
Spondyloarthritis when compared to healthy individuals. Secondly, we demonstrated
the utility of Doppler ultrasound in the assessment of disease activity in patients with
early Spondyloarthritis and as an objective outcome measure for enthesitis. Finally, we
explored the role of ultrasound in the assessment of the sacroiliac joints in patients with

Spondyloarthritis, demonstrating its usefulness in the detection of active sacroiliitis.

Nail involvement in psoriasis is associated with functional impairment. In this
part of the Thesis, we explored the possible link of the nail and the underlying enthesis

in two studies involving subjects affected with psoriasis and Psoriatic Arthritis. In the



first study, using high resolution ultrasound, the link between the extensor tendon and
the nail, as well as the importance of enthesopathy associated with nail involvement,
regardless of the presence of arthritis, are demonstrated. In the second study, optic
coherence tomography (OCT), a novel non-invasive imaging technique without
irradiation was used in addition to ultrasound to characterize nail involvement in
psoriasis and Psoriatic Arthritis showing that OCT is a promising tool for the systematic
characterization of psoriatic nail changes and suggesting its possible role as a diagnostic

and outcome measure.

In the final part of this work, we sought to identify predictors of prognosis in
patients with Psoriatic Arthritis and Spondyloarthritis. For this purpose, we evaluated
the enthesis of patients with Psoriatic Arthritis and patients with psoriasis, all
asymptomatic. We observed more inflammation in patients with psoriatic arthritis,
which may help to understand the progression of the disease from the skin to the joint.
Finally, we explored the long term outcome of a cohort of early oligoarthritis in which
an early treatment intervention was performed, finding that at 10 years a third of

subjects were in drug-free remission.



- RESUMEN

En esta tesis doctoral estudiamos diferentes técnicas de imagen para el
diagnostico y la caracterizacion de las Espondiloartritis y de la artritis psoridsica, asi
como para su diagndstico precoz. Ademas, se estudian también diferentes indicadores

clinicos y de imagen para poder conocer el prondstico de estas enfermedades.

En el primer lugar estudiamos la prevalencia de edema 6seo en resonancia
magnética en pacientes con artritis psoridsica axial comparado con pacientes con
Espondiloartritis axial no radiografica y Espondilitis Anquilosante en relacion al estatus
del HLA-B27. En este estudio se demostrd que los pacientes con artritis psoridsica que
eran HLA-B27 positivo tenian una afectacion inflamatoria comparable a de los

pacientes con Espondilitis Anquilosante.

En cuanto a ecografia, hemos realizado varios trabajos en relacion a la entesis.
En primer lugar hemos estudiado la valoracioén ecografica de la bursa retrocalcanea de
la entesis aquilea en la Espondiloartritis precoz, demostrando que es una localizacion
frecuentemente afectada en estos pacientes. En segundo lugar, hemos demostrado la
utilidad de la ecografia en la valoracion de la actividad de la enfermedad en pacientes
con Espondiloartritis precoz y como medida objetiva de actividad de entesitis.
Finalmente, hemos explorado ecograficamente las articulaciones sacroiliacas de
pacientes con Espondiloartritis, demostrando su utilidad en la deteccidon de sacroileitis

activa.

La afectacion ungueal en la psoriasis estd asociada con discapacidad funcional.
En esta parte de la tesis hemos investigado el posible vinculo ente la ufia y la entesis

subyacente en dos estudios en los que se incluyen pacientes con psoriasis cutdnea y
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pacientes con artritis psoridsica. En el primer estudio se demuestra el vinculo existente
entre la entesis del tendon extensor y la ufia, asi como la importancia de la entesopatia
asociada a afectacion ungueal, independientemente de la presencia de artritis, utilizando
la ecografia de alta resolucion. En el segundo utilizamos, ademés de la ecografia, la
tomografia de coherencia Optica, una novedosa técnica de diagndstico por imagen no
invasiva y sin irradiacion. Los hallazgos son prometedores como técnica para la
caracterizacion de las lesiones ungueales de los pacientes con psoriasis y sugieren su

posible papel como técnica de diagndstico y de medida de desenlace.

Como parte final de esta Tesis, hemos intentado identificar factores predictivos
de la enfermedad en pacientes con Artritis Psoridsica y Espondiloartritis. Para ello
valoramos ecograficamente la entesis de pacientes con artritis psoridsica y de pacientes
con psoriasis, todos ellos asintomaticos. Observamos mas inflamacion en los pacientes
con artritis psoriasica, lo cual podria ayudar a entender la progresion de la afectacion
cutanea a la articular. Finalmente hemos analizado los resultados de seguimiento de una
Cohorte de Oligoartritis en los que se realizd una intervencion precoz, encontrandose

que a los 10 afios un tercio de ellos se mantienen en remision y sin tratamiento.
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- ABBREVIATIONS

ACR: American College of Rheumatology

Anti-CCP: anti-cyclic citrulined peptid

Anti-TNF: Anti tumor necrosis factor

AS: Ankylosing spondylitis

ASAS: Assessment of SpondyloArthritis international Society

ASDAS: Ankylosing spondylitis disease activity score

BASDALI: Bath ankylosing spondylitis disease activity index

BASFI: Bath Ankylosing Spondylitis Functional Index

BASRI: Bath Ankylosing Spondylitis Radiology Index

CASPAR: classification criteria for psoriatic arthritis

CD: Crohn disease

CDUS: Colour Doppler Ultrasound

CRP: C-reactive protein

DAS28: Disease activity score 28

DIP: distal interphalangeal

DIPJ: DIP joint
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EULAR: European league against rheumatism

ESR: erythrocyte sedimentation rate

GS: grey-scale

GUESS: Glasgow ultrasound enthesitis scoring system

HC: healthy controls

HLA: human leucokyte antigen

Hz: herz

ICC: intraclass-correlation coefficient

IBP: inflammatory back pain

LR: likehood ratio

L-spine: lumbar spine

MASEI: Madrid Sonographic Enthesis Index

MASES: Maastricht Ankylosing Spondylitis Enthesitis Score

mNAPSI: modeified nail psoriasis severity index

MHz: megaherz

MRI: Magnetic Resonance Imaging

NAPSI: nail psoriasis severity index

NSAIDs: non-steroidal anti-inflammatory drugs

OCT: optical coherence tomography
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OMERACT: Outcome Measures in Rheumatology Clinical Trials

PASI: psoriasis area and severity index

PsA: Psoriatic Arthritis

RA: Rheumatoid arthritis

RF: Rheumatoid factor

RI: resistive index

ROC: receiver operating characteristic

SSZ: sulphasalazine

SpA: Spondyloarthritis

IBD: inflammatory bowel diseases

SPARCC: spondyloarthritis research consortium of Canada

SJC: swollen joint counts

TJC: tender joint counts

TNF: tumour necrosis factor

US: ultrasound

2D: two-dimensional

3D: three-dimensional
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1. INTRODUCTION

1.1. Imaging Diagnostic Techniques in Spondyloarthritis and

Psoriatic Arthritis

1.1.1. MRI in the assessment of axial Psoriatic Arthritis and

Spondyloarthritis

Psoriatic arthritis (PsA) is a heterogeneous disease with a variable, sometimes
evolving clinical phenotype. An estimated 25-70% of patients may have spinal
involvement, which varies from largely asymptomatic to severe inflammatory back
pain, that may be indistinguishable from ankylosing spondylitis (AS). It is sometimes
difficult to establish the presence of inflammatory back pain in patients with PsA, who
generally report less pain than patients with AS (1). Previous studies have
demonstrated that AS differs from axial PsA radiographically, with the latter having
some distinctive features such as asymmetry, less severe structural damage, and
distinctive syndesmophytes (2). The utility of magnetic resonance imaging (MRI) in the
diagnosis and assessment of spinal disease in AS and non-radiographic axial SpA is
now well proven (3). However, data are sparse on spinal MRI in non-radiographic axial
SpA, and it is unclear whether MRI appearances of spinal involvement differ between
patients with nonradiographic axial SpA or AS and patients with PsA-related

spondylitis (4).

HLA-B27 shows a striking relationship with AS and is associated with the
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severity of MRI-evident osteitis in the axial and peripheral skeleton (5-7). In patients
with early inflammatory back pain, a combination of severe sacroiliitis and HLA-B27
has a high specificity for the future development of AS. In contrast, there is a very low
likelihood that AS will develop in patients with mild or no osteitis, regardless of HLA—
B27 status (8). It is also known that positive MRI findings at baseline in patients with
early inflammatory back pain predict positive MRI findings during followup in HLA-
B27—positive patients (9). However, it is unclear whether such a relationship between
HLA-B27 and inflammation can be seen on the spine and sacroiliac (SI) joint MRI of

PsA patients.

1.2. Ultrasound in Spondyloarthritis and Psoriatic Arthritis

1.2.1. Ultrasonography of the Achilles bursa in early

Spondyloarthritis

The diagnosis of SpA is often made several years after the disease begins. The
absence of both radiographic sacroiliitis and impaired spinal mobility at early stages of
the disease contributes to the long delay (5—10 years) in the diagnosis of AS in many

patients.

Enthesitis, inflammatory involvement of the enthesis, is a distinctive feature of
SpA regarded as the primary lesion in this disease. The central importance of the
enthesis in understanding SpA pathophysiology has remerged in the last decade relating
structural entheseal damage with inflammation, regional microanatomy and

biomechanics, and its correlation with entheseal new bone formation, and erosion (10-
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13). Considering the cardinal role of enthesis inflammation on SpA and the striking
finding that clinical examination lacks sensitivity and specificity, as has been
demonstrated by several studies comparing clinical evaluations with new imaging
techniques such as ultrasound (US) (14-16), it is fundamental to study and define the
elemental lesions that build the concept of enthesitis. Over the last few years US has
proved to be a high sensitive and non-invasive tool in the study of enthesis.
Furthermore, US elemental lesions included in enthesis pathology have been described

(17, 18) and consensus about definitions initiated.

The importance of enthesitis in SpA is growing, since the new ASAS
classification criteria for peripheral SpA includes enthesitis as one of the three entry
criteria (the other two being arthritis and dactylitis (19). It is also included in the
EULAR recommendation for psoriatic arthritis management (20), which recommends
anti-TNF therapy for patients with active enthesitis and/or dactylitis and insufficient
response to non steroidal anti-inflammatory drugs or local steroid injections. One of the
major problems in daily practice is the diagnosis and monitoring of enthesitis, which is
consistent with the lack of sensitivity and reliability reported in the previous literature
(21). It has been suggested that imaging techniques are superior to clinical examination
for this purpose, and even US might be superior to MRI for detecting early signs of
enthesopathy (22). The Outcome Measures in Rheumatology Clinical Trials
(OMERACT) define enthesopathy as “abnormally hypoechoic (loss of normal fibrillar
architecture) and/or thickened tendon or ligament at its bony attachment (may
occasionally contain hyperechoic foci consistent with calcification), seen in 2
perpendicular planes that may exhibit Doppler signal and/or bony changes including

enthesophytes, erosions, or irregularity” (23). This definition includes the principal
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lesions of the enthesis at bone and enthesis tendon insertion identified by
ultrasonography, and it is now widely cited and accepted in the US community. On the
other hand, there are multiple studies that added the bursa to the elementary entheseal

lesions considered in the OMERACT enthesopathy definition (14-16, 24-26).

We have previously developed and validated an enthesis US score index, the
MASEI (Madrid Sonographic Enthesis Index) that includes de Achilles bursa, see

figure 1 (24).
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Figure 1 Images on the left: ultrasonographic appearance of entheseal insertions, from the top:
plantar aponeurosis insertion, calcaneal Achilles tendon insertion, distal patellar enthesis, proximal
patellar enthesis, quadriceps tendon enthesis, triceps tendon enthesis. On the right side, The MASEI:
ach item scores one point, except for calcification (0, 1, 2 or 3) and erosion and Doppler signal (0 or
3). The total possible score on both sides (12 entheses) is 136. Sensitivity 83.3%, specificity 82.8%,
positive predictive value 80.8%, negative predictive value 85.7%, positive likelihood ratio (LR+)
4.87, negative likelihood ratio (LR-) 0.19
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In fact, bursa was included in 46% of enthesis studies in a recently systematic
literature review (17). This is in agreement with the concept of “synovio-entheseal
complex”, which includes the link between enthesitis and osteitis in SpA. It has been
clarified in recent studies that demonstrate not only a close functional integration of the
enthesis with neighbouring bone, but also the connection between enthesitis and
synovitis (12, 13, 27-29). Today, the debate is open and the relevance of bursa in
previous publications remains sparse, likely because bursa seems to be a non-specific
SpA entheseal lesion, and is often mistaken for sport and overuse pathology (30).

Therefore, new insights about the understanding of the bursa in the pathogenic
process in SpA could be relevant in the development of: a) US definitions, we have
OMERACT enthesopathy definition but we are waiting for enthesitis definition, and b)
US disease scores with diagnostic purpose or to assess disease activity or damage, and
to monitor patients’ response to drugs. In this sense, knowledge of which entheseal US

lesions are related to other SpA disease activity outcomes could be relevant.
In this Thesis work we use two-dimensional (2D), in grey scale and Doppler,
and three-dimensional (3D) US to assess the prevalence and relevance of the bursa-

synovial lesion in SpA, using as model the Achilles enthesis. We also determine the

construct validity of enthesis US in the assessment of disease activity in SpA.

1.2.2. Ultrasonography of the Sacroiliac Joints in Spondyloarthritis

Sacroiliac joint (SIJ) involvement is a distinctive and characteristic feature of

SpA. The diagnosis of AS relies on a combination of clinical symptoms with
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unequivocal radiographic sacroiliitis (31). X-ray radiography reveals structural damage
caused by inflammation but cannot detect active inflammatory lesions, and the
diagnosis of AS is commonly delayed by an average of 69 years after the onset of
symptoms (32, 33). Moreover, at 10 years from the first presentation of the disease, 25—
35% of patients still do not have radiographic sacroiliitis (3). Therefore, new imaging
techniques are required for the early diagnosis and assessment of inflammatory activity

in SpA.

In the last decade, MRI has been increasingly used to visualize inflammation in
the S1Js, and it has now been included in the new ASAS criteria for the classification of
axial SpA (34). It has become clear in recent years that active inflammatory lesions are
visible on MRI long before definite lesions on plain radiographs are detectable (8).
Although MRI can shorten the interval between the onset of symptoms and the
radiographic diagnosis of sacroiliitis, the availability of MRI is limited in many

countries, and the technique is relatively time-consuming and cost-intensive.

Enthesis ultrasound has demonstrated that it is useful for discriminating patients
with long-standing SpA from those with early SpA (14, 24, 35, 36). However, even in a
less explored field, such as inflammation in the SIJs, US can be used by applying
different methods, including grayscale or colour Doppler ultrasound (CDUS), spectral

Doppler resistive index (RI) and contrast-enhanced media (37-43).

Thus far, there have been very few studies published assessing active

inflammatory lesions in the S1Js using ultrasound.

In this Thesis work we study the validity of CDUS, compared to physical
examination as the gold standard, in the assessment of active inflammation of the SIJs

in patients with SpA.
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1.2.3. Ultrasonography of the Nail and the extensor tendon enthesis

The importance of nail disease in subjects with psoriasis is being increasingly
recognised (44). Clinically, nail disease is associated with pain, functional loss,
disfigurement and psychological distress (45). From the rheumatological perspective,
the presence of nail disease is a predictor for the development of PsA (46). In PsA
patients, nail disease is associated with arthritis of the distal interphalangeal (DIP) joint
(47, 48). The nail is directly anchored to the underlying bone by structures including the
extensor tendon (49-51). Enthesopathy is a generalised feature of both psoriasis and
PsA and we have recently demonstrated that in psoriasis patients, nail disease is

associated with a greater degree of systemic enthesopathy (52) (see figure 2).

Extensor tendon enthesis

" K ‘.
: (s AN
: AR

Sagittal section of DIPJ

DL = Deep lamina
Tan, etal. Rheumatology 2007:46(2):253-6
Images courtesy of Michael Benjamin

Figure 2 This is the extensor tendon enthesis on histology. We see that the extensor tendon is not
only attached to the dorsal aspect of the base of the distal phalanx, but also extended more distally as
the superficial lamina of dense fibrous connective tissue to connect with the nail root. A further deep
lamina forms a thick periosteum on the distal phalanx

Presently, assessment of nail disease is difficult given the limited utility of

clinical assessment tools for the nail, which include the nail psoriasis severity index
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(NAPSI) and the modified NAPSI (mNAPSI) (53, 54). Recently MRI, ultrasonography
(US) and optical coherence tomography have been reported as possible tools for a more
objective assessment of nail disease (55-58). US has wide availability in the
rheumatology setting, modest costs, a high resolution and allows good visualisation of
tendons and entheses. With respect to the nail matrix region, we were especially
interested to determine whether US had the capability to detect local DIP joint
enthesopathy in PsA and psoriasis patients. No USbased imaging study of the nail has

considered the matrix region before.

Therefore in this Thesis work we assess the utility of US for the assessment of

psoriatic nail disease including both the nail plate and nail matrix region.

1.3. OCT and US in the assessment of nail disease in Psoriasis and

Psoriatic Arthritis

Nail disease represents both a clinically and pathophysiologically important
aspect of both psoriasis and PsA. In psoriasis, nail involvement may be associated with
significant pain and functional impairment (45). The pathogenesis of several matrix and
plate lesions including pitting, leuconychia and onycholysis is still not clearly defined.
The historical difficulties in assessing treatments for nail psoriasis have in part stemmed
from the lack of objective assessment tools, as well as the duration of treatment needed
to see a response. Currently these lesions may be clinically scored and evaluated using
the Nail Psoriasis Severity Index (NAPSI) or the modified NAPSI (mNAPSI) system

(53, 54).
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The advent of biological therapies which effectively treat psoriasis, PSA and nail
disease has further heightened the importance of understanding nail involvement. Nail
disease scores are one of the outcome measures used to assess the success of therapy,
and therefore it is important to have a measure which is objective and sensitive to
change. From the rheumatological viewpoint, nail disease is important since it is a
predictor of future PsA development (46). Nail disease is also more common in PsA
compared to psoriasis without arthritis (59-62). The basis for this observation has now
become more clear as entesitis (inflammation at tendon and ligament insertions) has
been shown to be a key feature of the skeletal manifestations of PsA (63, 64). It has
been suggested that the normal nail is anchored to the skeleton via a network of
entheses (50). Patients with nail disease also have more subclinical enthesitis both at the
distal interphalangeal joint level as well as at remote sites (52, 65), although the link
between the different patterns of nail disease and subclinical entesitis remains enigmatic
(66, 67). A combination of these dermatological and rheumatological issues has led to

an increased interest in imaging of the nail to better understand disease mechanisms.

Our group previously used both conventional and high-resolution MRI to image
nail disease and to show that the nail is functionally integrated with the skeleton, as
outlined above (68, 69). Whilst MRI is good for demonstrating the bone and soft tissues
around the nail, the nail itself is very poorly visualised due to its low water content.
Several studies have reported the use of US in nail evaluation. Given the accessibility
and low cost of US, it may become the method of choice for nail disease evaluation (56,
65, 70, 71). Nevertheless, there is a need for improved nail imaging techniques for

making a diagnosis, understanding disease mechanisms and monitoring the response to
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therapy.

Recently our group reported on our preliminary experience with optical
coherence tomography (OCT) for the assessment of nail disease in psoriasis (55). The
accuracy of OCT for measuring nail thickness has previously been reported (57). OCT
is a non-invasive optical imaging technique that has the advantage of incredibly high
spatial resolution compared to other clinically available methods. It is already in

dermatological use for the assessment of skin tumours (72-75).

Figure 3 Image of an OCT machine (Michelson Diagnostics, Orpington, UK)

Figure 4 Image of the OCT probe used (VivoSight Topical OCT probwe (multibeam frequency-

domain type OCT with a central wavelength of 1,305nm and a sweep range of 150nm

As the light-based analogue of US pulse-echo imaging, OCT systems focus a
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low-intensity infrared beam in tissue and analyse scattered light to provide tomograms
and 3D volumes of morphology up to 2 mm below the surface. While ophthalmic OCT
has been in use since the early 1990s, advanced laser technology and multibeam
modalities have enabled the development of high-speed and ultra-highsensitivity
‘frequency-domain OCT’ which provides the superior contrast necessary to create

dermatological images with <10 um resolution at video rate (76, 77).

In this Thesis work we compare OCT and US of the nail to ascertain which of
them is the best imaging modality and how they compare to clinical assessment. We
also describe in detail the anatomical location of the different psoriasis-associated nail

lesions.

1.4. Predictive Factors in Spondyloartrhitis and Psoriatic Arthritis

1.4.1. Association between enthesitis and nail disease in Psoriatic

Arthritis

Psoriasis affects approximately 2% of the population and up to 30% of these will
develop PsA (78-81). As dermatologists usually see patients with psoriasis before
arthritis develops they are well placed to diagnose PsA early. Now that effective
therapies for the suppression of PsA exist, the early recognition of PsA has important

consequences for optimal patient management.

Currently, the conceptual basis for the link between psoriasis and nail disease

and subsequent PsA is poorly understood. It has been suggested that enthesitis is the
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primary lesion that underscores the diverse skeletal manifestations of PsA (82). It has
also been demonstrated that subclinical enthesopathy and associated osteitis is present
in up to 50% of patients with psoriasis with no arthritis (46, 83, 84). Another stream of
research has shown that the presence of nail disease is a harbinger for the future
development of PsA (46). These findings are noteworthy because it has been shown that
psoriatic nail disease in PsA is intimately associated with enthesopathy of the distal
interphalangeal joint and that the nail is functionally integrated with the enthesis (49,

50, 69).

During the past decade it has emerged that enthesitis and associated osteitis are
the common denominators underlying the multifaceted skeletal manifestations of PsA
that include axial and appendicular disease (63). In keeping with the importance of
enthesitis as the key pathological lesion in PsA, some studies have shown enthesopathy
in asymptomatic large insertions of the lower limbs in patients with SpA including PsA
(15). This is reminiscent of studies in inflammatory oligoarthritis, in which US detected
synovitis in joints that were clinically uninvolved (85). Of even greater importance is
that several studies have shown subclinical enthesopathy or osteitis in up to 50% of

psoriasis patients with no skeletal symptoms (84).

These combined clinical and imaging observations suggest that there may be a
link between systemic enthesopathy and psoriatic nail disease. Therefore, we posed the
question as to whether nail disease in psoriasis is linked to a greater degree of systemic
enthesopathy compared with psoriasis patients without nail disease in a previous study
(52). In that study, we confirm that enthesopathy is common in psoriasis patients

without clinical arthritis. Moreover, subclinical enthesopathy is especially associated
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with nail involvement in a cross-sectional analysis. Those findings suggested that nail
disease is in some way linked to the expression of enthesitis including subclinical

disease.

W psoriasis with nail
disease

C) psoriasis without nail
disease

i healthy controls

inflammation chronicity total US

Figure 5 Comparison of median US scores related to inflammation and chronicity in psoriasis
patients with and without nail disease and healthy controls:

Figure 6 Photograph of a thumb nail of a patient with psoriasis, showing onycholysis and an oil
drop spot

Figure 7 Longitudinal US scan of the origin of the patellar tendon of the same patient showing
severe thickening (White line 0.7mm), hypoechogenicity (*) and a large enthesophyte
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Ultrasonography is well suited to the assessment of entheses and is able to depict
soft tissue thickening and oedema in addition to new bone formation and erosions (23).
In recent years, power Doppler (PD) ultrasonography has been increasingly used in
rheumatology as it identifies vascular abnormalities known to be associated with
inflammation. PD ultrasound to some extent provides a reflection of the degree of
angiogenesis, which is critically related to joint damage and therapeutic responses to
drugs (86-88). An extra-articular PD signal has been demonstrated in both PsA and
psoriasis patients (89-91). However, there is limited work directly comparing PD
changes at the insertions between patients with PsA and psoriasis. Such a link would
offer a novel unifying concept for nail disease, systemic enthesopathy and the future
development of PsA.

The purpose of this part of the Thesis work is to undertake ultrasonography of
symptomatic and asymptomatic insertions in cases with PsA and cases with psoriasis,
the latter having no clinical arthritis. The hypothesis tested was that the imaging
phenotypes might differ between PsA patients and psoriasis cases without clinical
arthritis. In particular, we hypothesised that the enthesopathy associated with PsA
would have a greater degree of vascularisation compared to that seen in psoriasis
without arthritis. We also postulated that subclinical vascular changes at the entheses
might be associated with more widespread disease activity in PsA. Such an imaging
biomarker could be helpful in understanding and predicting the disease evolution from

psoriasis to PsA, which at the present time is not fully understood.
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1.4.2. Predictors of outcome in Oligoarthritis and

Spondyloarthritis

Oligoarthritis is an inflammatory arthritis affecting <4 joints (92, 93). It
represents either an early clinical presentation or a unique disease phenotype within the
conditions collectively termed the seronegative spondyloarthropathies. Oligoarthritis
typically affects young people causing high morbidity (94, 95) and it may have a

variable outcome although long term follow up data are sparse (96-98).

The majority of published studies have only reported on short/middle term
outcomes. Some reports have described as many as 75% of patients with ReA having
persistent disease at 6 months (96), whereas other cohort studies have suggested rates of
persistence as low as 15%. In our first study, at 12 months of follow up, 51% of patients
satisfied criteria for complete response (absence of synovitis) (92). In the second study,
at 12 months, up to 81% of the patients in the early intervention group had no clinical
evidence of synovitis compared with 57% of the patients in the conservative group (93).
Both reports indicated a significant benefit from an early intervention protocol in the
short term, with better results in the second study, suggesting that this may have been

due to the early use of sulphasalazine (SSZ) as a DMARD.

As part of the Thesis work, we aim to assess the long term follow up of these
patients. We were interested in particular, to assess the prognostic role of an early

intervention.
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2. HYPOTHESIS

1. HLA-B27 status determines the severity of bone marrow oedema lesions in PsA
patients with inflammatory back pain. A link between bone marrow oedema and HLA—
B27 in axial PsA would have implications both for an improved understanding of the

disease process and for MRI interpretation in the clinical setting.

2. The bursa-synovial of the Achilles enthesis is a relevance lesion in SpA and it US

examination can be useful in the assessment of disease activity in early SpA.

3. CDUS can be a useful tool in the assessment of active inflammation of the SIJs in

patients with SpA.

4. Nail involvement is specifically linked to extensor tendon enthesopathy.

5. The US imaging phenotypes might differ between PsA patients and psoriasis cases
without clinical arthritis. In particular, we hypothesise that the enthesopathy associated
with PsA will have a greater degree of vascularisation compared to that seen in psoriasis
without arthritis. We also postulate that subclinical vascular changes at the entheses
might be associated with more widespread disease activity in PsA. Such an imaging
biomarker could be helpful in understanding and predicting the disease evolution from

psoriasis to PsA, which at the present time is not fully understood.

6. An early treatment intervention in an Early Oligoartrhitis Cohort should lead to a

better long term prognosis.
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3.

OBJECTIVES

The main objectives of this Thesis work are:

To determine the prevalence, on MRI, of bone marrow oedema lesions in
symptomatic axial PsA, and to compare this prevalence with that in
nonradiographic axial SpA and ankylosing spondylitis (AS) and its relationship
to HLA—B27 status.

To assess the prevalence and relevance of the bursa-synovial lesion in SpA and
to evaluate the construct validity of enthesis US in the assessment of disease
activity in early SpA.

To assess the validity of CDUS in SIJ in SpA.

To investigate the nail plate, nail matrix and adjacent tendons in subjects with
psoriatic nail disease with ultrasonography and to compare those findings with
OCT images.

To test the hypothesis that subclinical enthesopathy in PsA was associated with
an ‘inflammatory’ or vascular phenotype compared to that seen in psoriasis
using ultrasonography with power Doppler (PD).

To report the long-term outcome in the Leeds Early Oligoarthritis Cohort and

to assess the prognostic role of an early treatment intervention in these patients.
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4. OVERVIEW

Publication

Research
hypothesis

1. HLA-B27 status 1. To determine the MRI in the 34  1.Magnetic Resonance imaging assessment of axial
determines the severity of prevalence, on MRl of bone  assessment of axial psoriatic arthritis: extent of disease relates to HLA-
bone marrow oedema marrow oedema lesions in  psoriatic  arthritis B27. Castillo-Gallego C, Aydin SZ, Emery P,
lesions in PsA patients symptomatic axial PsAand and McGonagle DG, Marzo-Ortega H.
with inflammatory back its relationship to HLA- spondyloarthritis Arthritis Rheum. 2013 Sep;65(9):2274-8
pain B27 status
2. The bursa-synovial of 2.1 To assess the USin 42 2. Can we use enthesis ultrasound as an outcome
the Achilles enthesisisa  prevalence and relevance  Spondyloarthritis measure of disease activity in spondyloarthritis? A
relevant site of disease in  of the bursa-synovial and Psoriatic study at the Achilles level.
SpAand its lesion in SpA Arthritis Falcao §, Castillo-Gallego C, Peiteado D, Branco ],
characterization using US Martin Mola E, de Miguel E.
may be of value in the Rheumatology [Oxford). 2015 Sep;54(9):1557-62
assessment of disease
activity in SpA 2.2 To evaluate the USin 51 3. Achilles enthesis ultrasound: the importance of
construct validity of Spondyloarthritis the bursa in spondyloarthritis. Falcao S, de Miguel E,
enthesis US in the and Psoriatic Castillo-Gallego C, Peiteado D, Branco ], Martin
assessment of disease Arthritis Mola E.
activity in SpA Clinical Experimental Rheumatology, 2013 May-Jun;
31(3): 422-7
3. Colour Doppler US can 3. To assess the validity of USin 59 4. Colour Doppler and spectral Doppler ultrasound
be a useful tool in the Colour Doppler USin the  Spondyloarthritis detection of active sacroiliitis in spondyloarthritis
assessment of active sI7 and Psoriatic compared with physical examination.
inflammation of the SIJs in Arthritis Castillo-Gallego €, De Miguel E, Garcla-Arias M,
patients with SpA Plasencia Ch, Lojo-Oliveira L, Martin-MolaE.
Rheumatology International (submitted, under
revision)
4. Nail involvement is 4. To investigate the nail US in the assessment 79 5. Ultrasonographic Assessment of nail in Psoriatic

specifically linked to plate, matrix and adjacent  of nail disease in Disease Shows a Link Between Onychopathy and
extensor tendon tendons in subjects with Psoriasis and Distal Interphalangeal Joint Extensor Tendon
enthesopathy psoriatic nail disease Psoriatic Arthritis Enthesopathy.
Aydin SZ, Castillo-Gallego C, Ash ZR, Marzo-Ortega
H, Wakefield R], Wittmann M, McGonagle D.
Dermatology 2012 nov; 225: 231-235
OCT and US in the 89 6. Potential use of optical coherence tomography
assessment of nail and high-frequency ultrasound for the assessment
disease in Psoriasis of nail disease in psoriasis and psoriatic arthritis.
and Psoriatic Aydin SZ, Castillo-Gallego C, Ash ZR, Abignano G,
Arthritis Marzo-Ortega H, Wittmann M, Del Galdo F,
McGonagle D.
Dermatology. 2013;227(1):45-51
5. The US imaging 5. To test the hypothesis Predictive factors in 101 7. The link between enthesitis and arthritis in
phenotypes might differ  that subclinical Psoriatic Arthritis psoriatic arthritis; a switch to a vascular phenotype
between PsA patients and  enth hy in PsA is and at insertions may play a role In arthritis
psoriasis cases without associated with an Spondyloarthritis development.
clinical arthritis. ‘inflammatory’ or vascular Aydin SZ, As ZR, Castillo-Gallego C, Kwok C, Wilson
phenotype compared to C, Goodfield M, Gisondi P, Tan AL, Marzo-Ortega H,
that seen in psoriasis Emery P, Wakefield RJ, McGonagle DG.
using ultrasonography Annals of Rheumatic Diseases 2013 Jun;72(6):992-5
with PD
6. An early intervention 6. To report the long-term  Predictive factors in 118 8. Long Term follow up of an early Oligoarthritis
assess in early outcome of the Leeds Psoriatic Arthritis cohort shows that early apgressive intervention
Oligoarthritis Cohort Early Oligoarthritis Cohort and leads to drug free remission after 10 years: results
should lead to a better and to assess the Spondyloarthritis from the LoTO study.

Castillo-Gallego C, Green M], Aydin SZ, Nizam S,
Emery P, Marzo-Ortega H.

International Journal of Clinical Rheumatology
2017: 12(2),012-015 ISSN 1758-4272

prognosis in the future prognostic role of an early
intervention in these

patients
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5. PUBLICATIONS

5.1. MRI in the assessment of axial Psoriatic Arthritis and

Spondyloarthritis

5.1.1. ARTICLE 1

TITLE: “Magnetic Resonance imaging assessment of axial psoriatic arthritis: extent of

disease relates to HLA-B27”

JOURNAL: Arthritis and Reumatism, 2013 Sep; 65(9): 2274-8

AUTHORS: Castillo-Gallego C, Aydin SZ, Emery P, McGonagle, Marzo-Ortega H.

The aim of this study was to determine the prevalence, on MRI, of bone marrow
oedema lesions in symptomatic axial PsA, and to compare this prevalence with that in

non-radiographic axial SpA and AS and its relationship to HLA-B27 status.

5.1.1.1. PATIENTS AND METHODS
5.1.1.1.1. MRI scan selection procedure
The study was a cross-sectional audit of MRI scans of the lumbar spine (L-
spine) and SI joints performed consecutively between May 2007 and February 2011 in
the Rheumatology department of a large teaching hospital, to reflect service
development. MRI scans were requested for diagnostic purposes in symptomatic
patients with inflammatory back pain and a background clinical suspicion or diagnosis

of PsA, non-radiographic axial SpA, or AS. Eligible scans were retrieved from the
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hospital intranet computer system for scoring. The audit had the approval of the local

governance committee.

5.1.1.1.2. Patient groups
The clinical diagnosis according to the requesting clinician, HLA-B27 status,
and demographic data were retrieved from the clinical notes. Subjects were categorized
into 3 groups: patients with PsA (patients meeting the Classification of Psoriatic
Arthritis Study Group criteria), patients with nonradiographic axial SpA (patients
fulfilling the ASAS criteria for axial SpA but not the modified New York criteria for

AS), and patients with AS (patients fulfilling the modified New York criteria for AS).

5.1.1.1.3 MRI scoring

MRI scans were scored independently by 2 expert readers (HMO and DGM)
who were blinded to the clinical characteristics of the patients. The readers used the
semiquantitative Leeds Scoring System for bone marrow oedema lesions representative
of inflammation in the spine and SI joints. This scoring system allows for estimation of
the severity of a lesion by combining the concepts of extent and intensity in one
definition with lesions ranked on a scale of 0—3 as described by the Leeds MRI Scoring
Index. A lesion graded as severe (grade 2) is considered clinically significant. For
analysis, concordant data from the 2 readers were used to report on definite lesions. An
overall score for inflammatory activity was calculated as the sum of bone marrow

oedema scores.

5.1.1.1.4 Statistical analysis

Data are expressed either as frequencies or as the median and range. The total
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MRI scores of the 3 different groups of patients and patients with or without HLA-B27
were compared using the Mann-Whitney U test. The prevalences of severe MRI lesions
(grade 2) were compared using the chi-square test. Statistical analysis was performed

using SPSS software, version 11.5.

37



ARTHRITIS & RHEUMATISM

Vol. 65, No. 9, September 2013, pp 22742278
DOI 10.1002/art. 38050

© 2013, American College of Rheumatology

BRIEF REPORT

Magnetic Resonance Imaging Assessment of Axial Psoriatic Arthritis: Extent of

Disease Relates to HLA-B27

Concepcion Castillo-Gallego, Sibel Z. Aydin, Paul Emery, Dennis G. McGonagle, and Helena Marzo-Ortega

Objective. To determine the prevalence, on mag-
netic resonance imaging (MRI), of bone marrow edema
lesions in symptomatic axial psoriatic arthritis (PsA),
and to compare this prevalence with that in nonradio-
graphic axial spondyloarthritis (SpA) and ankylosing
spondylitis (AS) and its relationship to HLA-B27 sta-
tus.

Methods. We performed a cross-sectional audit of
MRI scans of lumbar spine (L-spine) and sacroiliac (SI)
joints. Using the semiquantitative Leeds Scoring System
in which bone marrow edema is graded from 0 to 3
according to severity of the lesions, MRI scans were
scored independently by 2 expert readers who were
blinded to the clinical characteristics of the patients.
Concordant data from the 2 readers were used to report
on definite lesions.

Results. MRIs from 76 patients with comparable
age ranges were categorized into 3 groups: those from
PsA patients, those from patients with nonradiographic
axial SpA, and those from AS patients. HLA-B27 posi-
tivity was similar in PsA patients (10 of 33) and patients
with nonradiographic axial SpA (10 of 24) and higher in
AS patients (18 of 19). Total MRI scores (L-spine plus
SI joints) were higher in AS patients than in PsA
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patients (P = 0.025) or in patients with nonradio-
graphic axial SpA (P = 0.007). A relationship was seen
between the severity and extent of disease and HLA-B27
positivity in PsA patients, which was comparable to that
in AS patients. HLA-B27-negative PsA patients had
lower MRI scores than HLA-B27—-positive PsA patients
(P = 0.03) and AS patients (P = 0.006), whereas scores
were similar in HLA-B27—positive PsA patients and AS
patients. Similarly, MRI scores of HLA-B27-negative
patients with nonradiographic axial SpA were lower
than those of AS patients (P = 0.01).

Conclusion. HLA-B27 positivity defines a group
of patients with more severe axial bone marrow edema
that is likely related to the classic AS phenotype.
Clinically, HLA-B27-negative PsA is more likely to be
reported as a “negative™ MRI examination result.

Psoriatic arthritis (PsA) is a heterogencous dis-
ease with a variable, sometimes evolving clinical pheno-
type. An estimated 25-70% of patients may have spinal
involvement, which varies from largely asymptomatic to
severe inflammatory back pain, that may be indistin-
guishable from ankylosing spondylitis (AS). It is some-
times difficult to establish the presence of inflammatory
back pain in patients with PsA, who generally report less
pain than patients with AS (1). Previous studies have
demonstrated that AS differs from axial PsA radio-
graphically, with the latter having some distinctive fea-
tures such as asymmetry, less severe structural damage,
and distinctive syndesmophytes (2). The utility of mag-
netic resonance imaging (MRI) in the diagnosis and
assessment of spinal disease in AS and nonradiographic
axial spondyloarthritis (SpA) is now well proven (3).
However, data are sparse on spinal MRI in nonradio-
graphic axial SpA, and it is unclear whether MRI
appearances of spinal involvement differ between pa-
tients with nonradiographic axial SpA or AS and pa-
tients with PsA-related spondylitis (4).

HLA-B27 shows a striking relationship with AS
and is associated with the severity of MRI-evident
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HLA-B27 STATUS AND AXIAL PsA FINDINGS ON MRI

osteitis in the axial and peripheral skeleton (5-7). In
patients with early inflammatory back pain, a combina-
tion of severe sacroiliitis and HLA-B27 has a high
specificity for the future development of AS. In contrast,
there is a very low likelihood that AS will develop in
patients with mild or no osteitis, regardless of HLA-B27
status (8). It is also known that positive MRI findings at
baseline in patients with early inflammatory back pain
predict positive MRI findings during followup in HLA-
B27-positive patients (9). However, it is unclear whether
such a relationship between HLA-B27 and inflamma-
tion can be seen on the spine and sacroiliac (SI) joint
MRI of PsA patients.

The aim of this study was to test the hypothesis
that HLA-B27 status determines the severity of bone
marrow edema lesions in PsA patients with inflamma-
tory back pain. A link between bone marrow edema and
HLA-B27 in axial PsA would have implications both for
an improved understanding of the disease process and
for MRI interpretation in the clinical setting.

PATIENTS AND METHODS

MRI scan selection procedure. The study was a cross-
sectional audit of MRI scans of the lumbar spine (L-spine) and
SI joints performed consecutively between May 2007 and
February 2011 in the rheumatology department of a large
teaching hospital, to reflect service development. MRI scans
had been requested for diagnostic purposes in symptomatic
patients with inflammatory back pain and a background clini-
cal suspicion or diagnosis of PsA, nonradiographic axial SpA,
or AS. Eligible scans were retrieved from the hospital intranet
computer system for scoring. The audit had the approval of the
local governance commitiee.

Patient groups. The clinical diagnosis according to the
requesting clinician, HLA-B27 status, and demographic data
were retrieved from the clinical notes. Subjects were catego-
rized into 3 groups: patients with PsA (patients meeting the
Classification of Psoriatic Arthritis Study Group criteria [10]),
patients with nonradiographic axial SpA (patients fulfilling the
Assessment of SpondyloArthritis international Society criteria
for axial SpA [11] but not the modified New York criteria for
AS [12]), and patients with AS (patients fulfilling the modified
New York criteria for AS).

MRI scoring. MRI scans were scored independently
by 2 expert readers (HMO and DGM) who were blinded
to the clinical characteristics of the patients. The readers used
the semiquantitative Leeds Scoring System for bone marrow
edema lesions representative of inflammation in the spine
and SI joints. This scoring system allows for estimation of the
severity of a lesion by combining the concepts of extent and
intensity in one definition with lesions ranked on a scale of 0-3
as previously described (13). A lesion graded as severe (grade
=12) is considered clinically significant. For analysis, concor-
dant data from the 2 readers were used to report on definite
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lesions. An overall score for inflammatory activity was calcu-
lated as the sum of bone marrow edema scores.

Statistical analysis. Data are expressed either as fre-
quencies or as the median and range. The total MRI scores of
the 3 different groups of patients and patients with or without
HLA-B27 were compared using the Mann-Whitney U test.
The prevalences of severe MRI lesions (grade =2) were
compared using the chi-square test. Statistical analysis was
performed using SPSS software, version 11.5.

RESULTS

Demographic and clinical data. A total of 76
scans were available for analysis. There were 33 PsA
patients, 24 patients with nonradiographic axial SpA,
and 19 AS patients. Three PsA patients (9%) fulfilled
the modified New York radiographic criterion for AS
(2 had bilateral grade 2 sacroiliitis, and 1 had unilateral
grade 3 sacroiliitis). Due to poor scan quality, L-spine
MRIs could not be scored in 1 patient with PsA and 2
patients with nonradiographic axial SpA, and SI joint
MRIs could not be scored in 2 patients with PsA and
1 patient with AS. Total MRI scores were calculated and
compared only for patients for whom we had paired
L-spine and SI joint data (n = 70). For comparison of
number of lesions and number of severe lesions (grade
=2), L-spine and SI joint scans were analyzed sepa-
rately. The median (range) age was comparable in all
groups (for patients with PsA, 39 years [18-60 years]; for
patients with nonradiographic axial SpA, 34.5 years
[19-47 years]; for patients with AS, 35.5 years [23-61
years]). There were more women in the group with PsA
(75.8%) than in the groups with nonradiographic axial
SpA (38.1%) and AS (31.6%). HLA-B27 positivity was
similar in PsA patients (30.3%, 10 of 33) and patients
with nonradiographic axial SpA (41.7%, 10 of 24) and
higher in AS patients (94.7%, 18 of 19).

MRI findings. The majority of scans were normal
or negative, showing no inflammatory lesions, and this
was more common in the groups with PsA and nonra-
diographic axial SpA (70% for both, versus 50% in the
group with AS). When scoring the abnormal scans, total
MRI scores (L-spine plus SI joints) were higher in AS
patients than in PsA patients (P = 0.025) or in patients
with nonradiographic axial SpA (P = 0.007) (see Figure
1). A comparable extent of disease was shown by similar
total numbers of bone marrow edema lesions at both the
SI joints and L-spine in all 3 groups, but the number of
severe lesions at the Sl joints (grade =2) was higher in
AS patients and PsA patients than in patients with
nonradiographic axial SpA (P = 0.01 and P = 0.03,
respectively).
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Figure 1. Comparison of total numbers of inflammatory (bone marrow edema) lesions on magnetic resonance imaging of the lumbar spine and
sacroiliac joint (S1J) between patients with psoriatic arthritis (PsA), patients with ankylosing spondylitis (AS), and patients with nonradiographic
axial spondyloarthritis (SpA) in relation to HLA-B27 status (negative [neg| or positive [pos]). Data are shown as box plots. Each box represents the
25th to 75th percentiles. Lines inside the boxes represent the median. Lines outside the boxes represent the 10th and the 9th percentiles. Circles

and asterisks indicate outliers.

When the groups were subanalyzed according
to HLA-B27 status, disease severity in terms of total
MRI scores was found to be related to the presence of
HLA-B27. HLA-B27-negative PsA patients had lower
MRI scores than HLA-B27-positive PsA patients (P =
0.03) and AS patients (P = 0.006), whereas HLA-B27-
positive PsA patients and AS patients had similar scores.
Similarly, the MRI scores of HLA-B27-—negative pa-
tients with nonradiographic axial SpA were lower than
those of AS patients (P = 0.01) (see Figure 1). No
differences were seen between women and men, who

had similar MRI scores for both L-spine and SI joints in
all groups (data not shown).

The extent of disease, as assessed by the overall
number of bone marrow edema lesions, was also related
to the presence of HLA-B27, as HLA-B27-negative
PsA patients had a lower number of L-spine lesions than
AS patients (P = 0.028) and HLA-B27—positive PsA
patients (P = 0.039), whereas there were no differences
between AS patients and HLA-B27-positive PsA pa-
tients. The number of severe lesions (grade =2) was not
different in any group pairs (Table 1).

Table 1. Characteristics of L-spine and SI joint infl ory invol on magnetic resonance imaging according to the different clinical
groups®
HILA-B27-negative HI A-B27-positive
HLA-B27-negative HLA-B27-positive nonradiographic nonradiographic
PsA PsA AS axial SpA axial SpA
L-spine
No. of patients 22 10 19 13 9
Any grade =1 lesion, no. (%) 4(18.2) 6 (60) 9(47.4) 3(23.1) 3(333)
At least 1 grade 2 lesion, no. (%) 3(14.6) 3(30) 5(26.3) a(0y 0(0)
51 joints
No. of patients 2 9 18 14 10
Any grade =1 lesion, no. (%) 5(22.7) 4(44.4) B (44.4) 2(14.3) 4(40)
Al least 1 grade 2 lesion, no. (%) 2(9.1) 3(33.3) 6(33.3) 1(7.1) 2(20)
Bilateral lesions, no. (%) 3(13.6) 1(1L.1) B(44.4) 1(7.1) 2(20)

* There were no statistically significant differences between any group pairs. L-spine = lumbar spine: 51 = sacroiliac; PsA = psoriatic arthritis; AS =

ankylosing spondylitis; SpA = spondyloarthritis.

40



HLA-B27 STATUS AND AXIAL PsA FINDINGS ON MRI

DISCUSSION

This study investigated the role of the HLA-B27
gene on the MRI phenotypes in PsA and axial SpA
including AS. Ouwr findings confirm that the HLA-B27
gene has a major effect on both the severity of axial
lesions and the number of different distinct lesions. In
accordance with previous studies, we have shown that
the majority of patients with axial PsA and nonradio-
graphic axial SpA are HLA-B27 negative (14). In addi-
tion, we show that HLA-B27—positive axial PsA and AS
have the same pattern of bone marrow edema. Con-
versely, HLA-B27-negative axial disease including PsA
has a much lower extent of bone marrow edema. Col-
lectively, these findings support the concept of the key
role of the HLA-B27 gene as a determinant of the
extent of osteitis in SpA.

These findings have important implications for
understanding SpA. There is now a link established
between MRI-determined bone marrow edema and
subsequent disease progression at diseased segments.
Given that symptomatic PsA has less bone marrow
edema, it might be expected that there is less diffuse
spinal disease. Indeed, historical radiographic imaging
studies have shown asymmetric, less severe disease in
PsA compared to classic AS, but the studies in question
did not note the HLA-B27 status (2).

It is interesting to note that AS, psoriasis, and
PsA are all class I major histocompatibility complex—
associated diseases. In the case of psoriasis, the HLA—
Cw0602 gene is a severity factor for the extent of skin
disease but does not appear to be linked to the joint
discase. It seems that HLA-B27 is a marker for the
extent of bone marrow edema in SpA irrespective of the
presence of skin psoriasis. Just as T cells appear to be
associated with the dissemination of disease in HLA—
CwO602—positive skin psoriasis, T cells may be associ-
ated with the development of disease at different bony
sites. This hypothesis has never been tested, and the role
of the affected bone in SpA and the basis for disease in
relation to HLA-B27 have not been evaluated at this
site.

These findings also have a practical aspect for
consideration. The majority of PsA patients who were
HILA-B27 negative were reported as having a normal
MRI scan. This may reflect the fact that MRI may be
insensitive at picking up subtle soft tissue changes at
entheses (15).

Our study has some limitations. First, this is a
retrospective audit of MRI scans requested in daily
clinical practice, and data on clinical outcomes such as
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the Bath Ankylosing Spondylitis Disease Activity Index
(16) or Ankylosing Spondylitis Disease Activity Score
(17) were not systematically collected to allow for a
correlation with clinical symptoms. Previous studies on
early inflammatory back pain have shown a higher level
of disease activity as shown by clinical outcomes in
patients with psoriasis (14), suggesting a possible role of
psoriasis as an independent contributor to disease activ-
ity. Taken together, these results suggest a role for
HLA-B27 and psoriasis as partly independent contrib-
utors to inflammation and disease activity in axial PsA.
Second, the sample size was small, which represents an
important limitation to conducting a multivariate analy-
sis of the data. Third, only the lumbar portion of the
spine in addition to the SI joints was imaged as opposed
to the whole spine. Ideally, the whole spine should
have been imaged to allow for the assessment of cervical
and thoracic sites where a significant proportion of
lesions may have been missed. Further, we have looked
at inflammatory bone lesions only as represented by
bone marrow edema, but a “positive” MRI result reflect-
ing disease may need to incorporate other features of
structural change such as fatty degeneration, sclerosis,
or erosions. The presence of structural lesions in the
absence of inflammation would help us to understand
why axial PsA is indeed more asymptomatic than AS and
can go largely undiagnosed. Larger, prospective MRI
studies of the whole spine with associated genotypes are
needed to confirm these results.

In conclusion, HLA-B27-related active axial PsA
shows an extent of inflammation on MRI comparable to
that of AS and superior to that of HLA-B27-negative
PsA. These results suggest that this subgroup of PsA
shares common etiopathogenic mechanisms of disease
with AS and may carry a comparable disease burden.
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5.2.  US in Spondyloarthritis and Psoriatic arthritis

5.2.1. ARTICLE 2:

TITLE: “Achilles enthesis ultrasound: the importance of the bursa in spondyloarthritis”

JOURNAL: Clinical Experimental Rheuamtology, 2013 May-Jun; 31(3): 422-7
AUTHORS: Falcao S, de Miguel E, Castillo-Gallego C, Peiteado D, Branco J, Martin

Mola E.

5.2.1.1 PATIENTS AND METHODS

5.2.1.1.1. Patients group

This part of the Thesis work is a blind and controlled Achilles enthesis bursitis
US study performed on early-stage SpA patients. The patient sample was selected
consecutively from individuals attending the Early Spondyloarthritis Unit (forty-six
patients), as part of the ESPERANZA programme. The referral criteria included: 1) age
below 45, 2) symptoms duration between 3 and 24 months, and 3) at least one of the
following: a) inflammatory low back pain, defined as at least two among insidious
onset, morning stiffness for more than 30 minutes, or clear improvement of the
symptoms with physical activity, but not relieved by rest, b) asymmetric arthritis,
preferably of the lower limbs, or ¢) low back pain or arthralgia and at least one among
psoriasis, inflammatory bowel disease, anterior uveitis, family history of spondylitis,

psoriasis, radiographic sacroiliitis or HLA-B27+ status. Patients were classified as SpA
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according to accepted classification criteria. All patients completed the Spanish version
of Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and Bath
Ankylosing Spondylitis Functional Index (BASFI); Bath Ankylosing Spondylitis
Radiology Index (BASRI) and peripheral joint count were also registered on the same

day of the visit.

5.2.1.1.2. Controls group

Forty-six sex-matched controls (92 Achilles enthesis) were included.

5.2.1.1.3. Ultrasound scanning protocol

Ultrasonography was performed by an experienced rheumatologist, who was
blinded to patients’ clinical or therapeutic data; and subjects were advised to withhold
these data with the US examiner. The patients were asked to take a prone position with
the feet hanging out the examination table in neutral position for examination of the
Achilles tendon. In all cases, bilateral examination was carried out after having
previously applied gel to the skin to provide an acoustic interface; particular attention
was paid on not applying probe pressure on the anatomical structures under

examination. The same protocol was used for both 2D and 3D examinations.

5.2.1.1.4. 2D US and 3D US examination
During the same scanning session, US was firstly performed in B-mode
modality using a longitudinal and transverse scanning technique to detect
morphological changes and immediately afterwards by using Doppler technique to
access abnormal vascularisation. Immediately after the 2D US exploration, the

acquisition of 3D data sets was obtained placing the volumetric probe over the area of
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interest. All acquired images were stored in digital format. Methods of US image
interpretation. Presence of retrocalcaneal bursa was defined by a grey-scale US aiming
at detecting bursal enlargement. The maximal diameter obtained on longitudinal and
transversal scan was collected. The measurement end of bursa was classified in a
dichotomous scale (presence/absence) and a continuous quantitative scale. The presence
or absence of Doppler signal in the cortical bone profile or bursal area was also
recorded. To improve reliability and accuracy a quantitative measurement was
determined in the storage 3D volumes of 53 consecutive SpA patients and 23 healthy
controls, the average of three consecutive measurements of the maximal thickness

obtained in longitudinal and transverse axes was scored.

5.2.1.1.5. Statistical analysis

Mean + standard deviation was used to describe the demographic characteristics
of patients and US features. To compare quantitative and qualitative variables of
clinical, biochemical and US data, the independent sample t -test and the chi-square test
were used, respectively. The reliability analysis was performed using the kappa
correlation coefficient for qualitative presence of bursa, and intraclass-correlation
coefficient (ICC) for bursa thickness measurement. ROC curves were used to calculate
sensitivity and specificity in the different cut-off points. p -values of less than 0.05 were
considered to be statistically significant. All data analyses were performed with SPSS

version 11.5 software (SPSS, Chicago, IL, USA).
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Achilles enthesis ultrasound:
the importance of the bursa in spondyloarthritis

S. Falcao', E. de Miguel?, C. Castillo-Gallego?, D. Peiteado?, J. Branco',
E. Martin Mola’

‘Rheumatology Department, Faculdade de Ciéncias Médicas da Universidade Nova de Lisboa,
Lisbon, Portugal; *La Paz University Hospital, Rheumatology Department, Madrid, Spain.

Abstract
Objectives
This paper aims to assess the prevalence and relevance of the bursa-synovial lesion in spondyloarthrins (SpA).

Methods
A transversal blind and controlled two-dimensional (2D) and three-dimensional (3D) ultrasound (US) study of Achilles
enthesis bursa in early SpA was undertaken. Clinical outcome measures were collected.

Results
Bilateral Achilles enthesis of 66 early SpA patients (34 women) and 46 control patients (23 asymptomatic healthy
subjects and 23 rheumatoid arthrinis [RA] patients) were analysed. Mean BASDAI, BASFI and BASRI-spine were
4.5522.08, 2.16+1 95 and 0.6520.77, respectively. Mean erythrocyte sedimentation rate (ESR) was 10.93+12 35 mm/h
and C-reactive protein (CRP) was 6 46+10.09 mg/l. The x-values for intra-reader agreement for 2D and 3D images and
bursa measurement were 0.82 and 0.98, respectively. Bursas were visualised in 89/132 SpA enthesis (67.4%) vs. 27/46
enthesis (58.7%) of healthy controls (p<0.01), and 10/46 enthesis (21.7%) of RA controls (p<0.01). When the thicknesses
of the bursas were analysed, the SpA group had a mean of 1.52+1.47 mm versus 0.76+0.76 mm in the healthy control group
(p<0.0001), and 0.3820.62 mm in the RA control group (p<0.0001). A positive likelthood ratio of 4.6 with a cut-off point
of bursa >2 was found. No Doppler signal was detected in controls, but 6.6% of SpA Achilles enthesis had Doppler
bursinis. Heel pain was more frequent when bursa was present (p<0.05). When Doppler was present, male predominance,
HLA B27 positive, heel pain, and higher number of swollen joints, CRP levels, disease activity by the patient and
BASDAI questions 2 and 3 achieved statistical significance (p<0.01).

Conclusion
The presence of bursa and Doppler signal at retrocalcaneal bursa level could have a relevant contribution to
differentiate SpA patients, and were correlated with climical outcomes of SpA disease activity.

Key words
spondyloarthritis, ultrasonography, power Doppler, enthesis

Clinical and Experimental Rheumatology 2013; 31: 422-427.
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Introduction

Enthesitis is a distinctive feature of
spondyloarthritis (SpA) (1). The cen-
tral importance of the enthesis in un-
derstanding SpA pathophysiclogy has
remerged in the last decade relating
structural entheseal damage with in-
flammation. regional microanatomy
and biomechanics, and its correlation
with entheseal new bone formation,
and erosion (2-5). Considering the car-
dinal role of enthesis inflammation on
SpA and the striking finding that clini-
cal examination lacks sensitivity and
specificity. as has been demonstrated
by several smdies comparing clinical
evaluations with new imaging tech-
niques such as ultrasound (US) (6-8). it
is fundamental to study and define the
elemental lesions that build the concept
of enthesitis.

Over the last few years US has proved
to be a high sensitive and non-invasive
tool in the study of enthesis. Further-
more, US elemental lesions included in
enthesis pathology have been described
(9, 10) and consensus about definitions
initiated.

The importance of enthesitis in SpA is
growing, since the new Assessment of
the SpondyloArthritis Society (ASAS)
classification criteria for peripheral SpA
includes enthesitis as one of the three
entry criteria (the other two being ar-
thritis and dactylitis) (11). It is also in-
cluded in the EULAR recommendation
for psoriatic arthritis management (12),
which recommends anti-TNF therapy
for patients with active enthesitis and/
or dactylitis and insufficient response to
non-steroidal anti-inflammatory drmugs
or local steroid injections.

The Outcome Measures in Rheumatol-
ogy Clinical Trials (OMERACT) define
enthesopathy as “abnormally hypoecho-
ic (loss of normal fibrillar architecture)
and/or thickened tendon or ligament
at its bony attachment (may occasion-
ally contain hyperechoic foci consistent
with calcification). seen in 2 perpen-
dicular planes that may exhibit Doppler
signal and/or bony changes including
enthesophytes, erosions, or irregularity™
(13). This definition includes the princi-
pal lesions of the enthesis at bone and
enthesis tendon insertion identified by
ultrasonography. and it is now widely
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cited and accepted in the US communi-
ty. On the other hand, there are multiple
studies that added the bursa to the ele-
mentary entheseal lesions considered in
the OMERACT enthesopathy definition
(6-8. 14-16). In fact, bursa was included
in 46% of enthesis studies in a recently
systematic literature review (9). This
is in agreement with the concept of
“synovio-entheseal complex”, which
includes the link between enthesitis and
osteitis in SpA. It has been clarified in
recent studies that demonstrate not only
a close functional integration of the en-
thesis with neighbouring bone. but also
the connection between enthesitis and
synovitis that occurs (4. 5. 17-19).
Today, the debate is open and the rel-
evance of bursa in previous publica-
tions remains sparse. likely because
bursa seems to be a non-specific SpA
entheseal lesion, and is often mistaken
for sport and overuse pathology (20).
Therefore. new insights about the un-
derstanding of the bursa in the patho-
genic process in SpA could be relevant
in the development of: a) US defini-
tions. we have OMERACT enthesopa-
thy definition but we are waiting for
enthesitis definition. and b) US disease
scores with diagnostic purpose or to as-
sess disease activity or damage, and to
monitor patients” response to drugs.
The aim of the present study was to use
two-dimensional (2D), in grey scale
and Doppler, and three-dimensional
(3D) US to assess the prevalence and
relevance of the bursa-synovial lesion
in SpA, using as model the Achilles en-
thesis.

Patients and methods

A blind and controlled Achilles enthe-
sis bursitis US study was performed on
early-stage SpA patients. The study was
conducted according to local regulations
and the Declaration of Helsinki, and the
ethical committee and IRB of our hospi-
tal granted approval to the study.

Patients

The patient sample was selected con-
secutively from individuals attending
the Early Spondyloarthritis Unit. as
part of the ESPERANZA programme,
a nation-wide health management pro-
gramme designed to provide excellence
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in care for early Spondyloarthritis pro-
moted by the Rheumatology Spanish
Foundation (21). The referral criteria
included: 1) age below 45, 2) symptoms
duration between 3 and 24 months, and
3) at least one of the following: a) in-
flammatory low back pain. defined as at
least two among insidious onset. morn-
ing stiffness for more than 30 minutes,
or clear improvement of the symptoms
with physical activity. but not relieved
by rest. b) asymmetric arthritis. pref-
erably of the lower limbs, or ¢) low
back pain or arthralgia and at least one
among psoriasis. inflammatory bowel
disease. anterior uveitis, family history
of spondylitis, psoriasis. radiographic
sacroiliitis or HLA-B27+ status. The
last sixty-six consecutive SpA patients
were included. Patients were classified
as SpA according to accepted classifi-
cation criteria, as follows: 1) ankylos-
ing spondylitis (AS), if they fulfilled
the modified New York criteria (22), 2)
psoriatic arthritis (PsA). if they fulfilled
the CASPAR criteria (23), 3) non-radi-
ological SpA. if ASAS criteria for clas-
sification of SpA were fulfilled without
definitive radiographic sacroiliitis (11.
24), 4) reactive arthritis (ReA), if the
patient fulfilled ESSG criteria or had ar-
thritis, confirmed by a rheumatologist.
with recent evidence of related infec-
tion. and 5) arthritis-associated inflam-
matory bowel disease (AIBD), if IBD
was present in a patient with the New
York criteria or ASAS SpA eriteria.
The diagnosis of IBD required typical
histological findings of Crohn's disease
or ulcerative colitis. Exclusion criteria
included previous history of ankle sur-
gery, peripheral neuropathy, or corti-
costeroid injection within the previous
6 weeks at Achilles tendon. All patients
completed the Spanish version of Bath
Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI) and Bath Anky-
losing Spondylitis Functional Index
(BASFT): Bath Ankylosing Spondylitis
Radiology Index (BASRI) and periph-
eral joint count were also registered on
the same day of the visit.

Controls

Forty-six sex-matched controls (92
Achilles enthesis) were included. Half
of the controls were patients who ful-

filled the American College of Rheu-
matology (formerly. the American
Rheumatism Association) 1987 revised
criteria for rheumatoid arthritis (RA)
(25), but who did not have advanced
deformities of the hand. and another
half were asymptomatic healthy sub-
jects. Healthy people were selected
among hospital workers and friends of
patients, all of whom volunteered to
participate after receiving an explana-
tion of the procedure.

Ultrasound scanning protocol
Ultrasonography was performed by
an experienced rheumatologist, using
a Logiq 9 (General Electrics Medi-
cal Systems, Milwaukee. WI. USA)
equipped with a linear probe at 9-14
MHz and a broadband high-frequency
(815 MHz) volumetric probe. Fo-
cus was positioned at the level of the
region of interest: Doppler settings
were standardised with a pulse repeti-
tion frequency of 400 Hz, wall filter of
48Hz and colour-mode frequency of
7.5 MHz. The colour gain was 36-45
(increased to the highest value not
generating Doppler signals under the
bony cortex) (26). Colour box was
positioned at the level of the Achilles
tendon enthesis, enlarging the box to
upper part of the image. The sonogra-
pher was blinded to patients’ clinical
or therapeutic data; and subjects were
advised to withhold these data with the
US examiner. The patients were asked
to take a prone position with the feet
hanging out the examination table in
neutral position for examination of the
Achilles tendon. In all cases, bilateral
examination was carried out after hav-
ing previously applied gel to the skin
to provide an acoustic interface: par-
ticular attention was paid on not apply-
ing probe pressure on the anatomical
structures under examination (27). The
same protocol was used for both 2D
and 3D examinations.

2D US and 3D examination

During the same scanning session, US
was firstly performed in B-mode modal-
ity using a longitudinal and transverse
scanning technique to detect morpho-
logical changes and immediately after-
wards by using Doppler technique to
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access abnormal vascularisation (28).
Immediately after the 2D US explora-
tion, the acquisition of 3D data sets was
obtained placing the volumetric probe
over the area of interest. All acquired
images were stored in digital format.

Methods of US image interpretation
Presence of retrocalcaneal bursa was
defined by a grey-scale US aiming at
detecting bursal enlargement. The max-
imal diameter obtained on longitudinal
and transversal scan was collected (29).
The measurement end of bursa was
classified in a dichotomous scale (pres-
ence/absence) and a continnous quan-
titative scale. The presence or absence
of Doppler signal in the cortical bone
profile or bursal area was also recorded
(Fig. 1). To improve reliability and ac-
curacy a quantitative measurement was
determined in the storage 3D volumes
of 53 consecutive SpA patients and 23
healthy controls, the average of three
consecutive measurements of the max-
imal thickness obtained in longitudinal
and transverse axes was scored.

Statistical analysis

Mean + standard deviation was used to
describe the demographic characteris-
tics of patients and ultrasonographic
features. To compare quantitative and
qualitative variables of clinical, bio-
chemical and ultrasound data, the in-
dependent sample f-test and the chi-
squared test were used. respectively.
The reliability analysis was performed
using the kappa correlation coefficient
for qualitative presence of bursa, and
intraclass-correlation coefficient (ICC)
for bursa thickness measurement. ROC
curves were used to calculate sensi-
tivity and specificity in the different
cut-off points. p-values of less than
0.05 were considered to be statistically
significant. All data analyses were per-
formed with SPSS version 11.5 soft-
ware (SPSS, Chicago. IL, USA).

Results

Demographic data

One hundred and thirty-two Achilles
tendon enthesis of 66 early SpA pa-
tients (34 female, 32 male) were stud-
ied. Mean age was 32.5+7.66 (range
18—45) years. Mean disease evolution
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Fig. 1. Ultrasonographic appearance of entheseal Achilles insertion. Bursal enlargement with Doppler
signal (*), and erosion (arow) in a longitudinal view.

BursaThickness(mm)
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Bursa Thickness (mm)
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Hea"th\! RIA
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Fig. 2. Ulirasound bursa measures in spondyloarthritis (SpA) and controls. A. Scattergram dots dis-
tribution in SpA , healthy controls and rthewmatoid arthritis (RA) control group. B. Mean and 95%CI of
bursa thickness in SpA, healthy controls and RA controls.

time was 10 months (range 3-23). The
sample included three cases of AS, ten
cases of PsA, two cases of AIBD, three
cases of ReA and forty eight cases
fulfilled the non-radiological ASAS
SpA classification criteria. Forty-five
percent of SpA patients were HLA-
B27 positive: and thirty-one percent
had heel pain. Mean (range) BAS-
DAI. BASFI and BASRI-spine were
4554208 (0-8.8), 2.16x1.95 (0-74)
and 0.65+0.77 (0-3). respectively.
Mean erythrocyte sedimentation rate
(ESR) was 10.93+12.35 mm/h (range
1-53) and C-reactive protein (CRP)
was 6.46+10.09 mg/l (range 0-51). At
baseline all patients were being treat-
ed with anti-inflammatory drugs. and
eight began classic disease-modifying
anti-rheumatic drugs (DMARD): sul-
fasalazine or methotrexate. Forty-six
sex-matched controls were included.
Mean DAS 28 (disease activity score)
in RA control group was 2.78+1.5.

Ultrasound results

Reliability. Unweighted kappa value
for the dichotomous evaluation of in-
tra-reader 2D-3D images was 0.82.
The intra-reader ICC agreement in
2D-3D quantitative measurements of
US Achilles enthesis bursa was 0.98
(95%(CI 0.97-0.99: p<0.0001).

Validity. Bursas were visualised in
80/132 SpA enthesis (67.4%) ver-
sus 27/46 enthesis (58.7%) of healthy
controls (p<0.01). and 10/46 enthesis
(21.7%) of RA controls (p<0.01). When
the thicknesses of the bursas were ana-
lysed. the SpA group had a mean thick-
ness of 1.52+1 .47 mm versus 0.70+0.76
mm in the healthy control group
(p<0.0001). and 0.38+0.62 mm in the
RA control group (p<0.0001). SpA pa-
tients show a tendency to have more
and higher bursas than control popula-
tion. The ROC curve analysis showed
60 4% sensitivity and 68.5% specificity
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when bursa was =1 mm, and 34% sen-
sitivity and 87% specificity when bursa
was >1.5 mm. A cut-off of bursa >2
mm showed a low sensitivity of 19.8%
with a specificity of 97.8% in front of
the overall group. and a sensitivity of
19.8% and a specificity of 95.7% with a
positive likelihood ratio of 4.6 in front
of healthy controls. Figure 2 shows ul-
trasound bursa measurements in Achil-
les enthesis of control groups and SpA
patients. No Doppler signal was de-
tected in any bursa of control patients,
but 6.6% of SpA Achilles enthesis had
Doppler bursitis.

The correlation between bursas >2mm
and quantitative measures are shown
in Table I. Other gualitative variables
as HLA B27. sex. heel pain. showed
as bursa >2 were more frequent in men
(p<0.01). Heel pain was more frequent
when bursa was present (p<0.05), and
mean bursa thickness was 1.96+1.24
mm in SpA patients with heel pain com-
pared with 1.31+0.62 mm in SpA pa-
tients without heel pain (p<0.05). When
Doppler was present. male predomi-
nance, HLA B27 and heel pain achieved
statistical significance (p<0.01).

Discussion

The purpose of this study was to de-
termine whether the US recognition of
bursa affectation on enthesis could be
relevant as elemental lesion in the con-
cept of entheseal damage and enthesi-
tis definition in SpA. While the link
between enthesitis and osteits in SpA
has been clarified in recent studies that
demonstrate a close functional integra-
tion of the enthesis with the neighbour-
ing bone (3). the connection between
enthesitis and bursal-synovitis remains
a subject of debate (4). OMERACT's
enthesopathy definition does not in-
clude bursa affectation as previously
mentioned in the introduction. The
quality of diagnostic tests used for the
care of patients is not judged only by
their analytical characteristics, but
mainly for their ability to distinguish
between alternative states of health.
For the bursa US to be used in routine
medical practice. this diagnostic test
must reduce uncertainty towards a spe-
cific diagnosis and contributes to accu-
rate therapeutic decision making.
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Table I. Correlation between bursa thickness and Doppler presence in bursa with demo-
graphie, clinical, laboratory and other ultrasound characteristics of SpA patients.

Bursa >2mm p-value Doppler bursa p-value
Neo Yes No Yes
MASEI 185 254 NS 213 435 0ol
Erosion 11 27 <0.05 17 75 0ol
Doppler 41 45 NS 45 12 005
Bursa 1] 27 <001 2 15 NS
Thickness 08 07 NS 07 3 005
Strueture 29 29 NS 31 55 0ol
Bone proliferation 94 118 NS 98 135 NS
Age 336 329 NS 333 300 NS
MASES 13 07 NS 125 2 NS
NSJ 02 16 <0.05 0.16 35 <001
ESR 144 76 NS 13.1 70 NS
CRP 65 14 NS 63 270 0ol
BASRI spine 07 06 NS 08 05 NS
Disease activity (patient) 28 AT NS 28 50 001
VAS (patient) 51 42 NS 49 65 0ol
BASDAI 48 39 NS 417 51 NS
BASFI 22 16 NS 22 35 NS
ASQoL 68 54 NS 6.6 100 NS
BASDAI2 55 42 NS 56 2 0ol
BASDAI3 34 37 NS 33 7.5 ool
BASDAI6 44 46 NS 46 5 NS

MASEI Madrid Sonography Enthesitis Index; MASES: Maastricht Ankylosing Spondylitis Enthesitis
Score; NSI: number of swollen joints; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein;
BASRI: Bath Ankylosmg Spondylitis Radiology Index; VAS: visual analogie scale for pain; BASDAIL:
Bath Ankylosing Spondylitis Disease Activity Index; BASDAIT 2: question 2 (How would you describe
the overall level of AS neck, back or hip pain you have had?); BASDAI 3: question 3 (How would you
describe the overall level of pain/swelling in joints other than neck, back, hips vou have had?); BAS-
DAI 6: question 6 (How long does your moming stiffness last from the time you wake up?); BASFI:
Bath Ankylosing Spondylitis Functional Index; ASQoL: Ankylosing Spondylitis Quality of Life; N5:

non-sigmficant.

Qur study tries to assess the prevalence
and relevance of the bursa-synovial le-
sion in SpA using the Achilles enthe-
sis as a model. In this sense, similar to
previous data, our findings demonstrate
that retrocalcaneal bursa can be detect-
able by US in normal subjects (20. 30)
However, this study shows a significant
increase of Achilles bursa presence and
thickness in SpA patients compared to
controls (healthy/mechanical controls
and RA controls). Furthermore, when
bursa’s thickness was measured, our
results showed an increase in SpA pa-
tients with statistical significant differ-
ences. A cut-off point of bursa =2mm
had a positive likelihood ratio of 4.6 in
front of healthy/mechanical subjects. A
likelihood ratio between 2 and 5 gen-
erates small, but sometimes important
changes in probability. A striking find-
ing is the relatively low prevalence and
thickness of bursa in RA control group
(21.7% in RA control group versus

58.7% in healthy controls; p<0.01).
This control population was composed
by RA patients all treated with disease
modifying anti-rheumatic drugs with-
out advanced deformities, and low
disease activity. Another possible ex-
planation could be bursa presence of
mechanical origin in healthy control
population related with overuse.

In agreement with what has been shown
by other authors, the presence of Dop-
pler signal seems to have a high sig-
nificance in the correct classification
of SpA patients (6, 14, 31, 32). Table
I summarises interesting results about
Doppler signal in the bursa. In our study
Doppler signal is associated with other
clinical measures accepted for assess-
ment of SpA disease activity (C-reactive
protein, heel pain. patient VAS for pain
and global disease activity evaluation,
number of swollen joints and BASDAI
3). but not with axial question of BAS-
DAL it even had a negative association
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with spine pain (BASDAI 2). The as-
sociation with the number of swollen
joints, BASDAT 3 and C-reactive pro-
tein is in agreement with the idea that
bursal-synovial specific factors could
trigger innate immune responses and
may be pivotal players in the pheno-
typic expression of SpA. as suggested
by the synovio-entheseal complex con-
cept proposed by McGonagle ef al. (4,
17, 18). In this sense, and supporting
the idea of the importance of the par-
ticipation of the synovial bursal tissue
in enthesis damage, previous reported
data have demonstrated that erosions
typically occur in the bursal proximal
portion of the enthesis in SpA patients,
possibly establishing a link between
these lesions (5, 33). Additionally, a
longimdinal study of patients treated
with TNF-alpha blocking agents dem-
onstrated that the only elemental le-
sions that achieved a significant redue-
tion after the treatment were entheseal
hypoechogenicity and/or thickening,
bursa and Doppler signal (34, 35). This
reinforces the possible importance of
the introduction of these elementary le-
sions in future scoring systems for ac-
tivity, damage. or follow-up purposes.
A limitation of the present study was
the low number of patients and controls
weakening the statistical power of our
results. Another limitation is the low
sensitivity of bursa in grey scale, which
reduces the value of bursa in enthesis
US examination, but this is not differ-
ent from other elemental lesions in-
cluded in enthesopathy definition such
as thickness that had less contribution
(31). Probably no one lesion, as bursa
presence. but the combination of enthe-
seal lesions improve the knowledge of
the SpA enthesis pathological process.
The Doppler presence seems to have a
high diagnostic value for SpA, but has
the limitation of its low prevalence. One
possible explanation for the low preva-
lence of Doppler signal could be related
with the low vascularisation flow of the
enthesis. Even in other published data
by expert groups a similar low preva-
lence of Doppler signal was found. (31.
34, 35). In this sense, it is remarkable
that the analysis of Doppler presence
taking into account clinical variables
achieved statistical significance.
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Conclusion

In conclusion, our results showed that
US findings at retrocalcaneal bursa lev-
el have low sensitivity. but could have
an important contribution in differenti-
ating patients with SpA. and probably

o

assess the disease as supported by

correlations with clinical outcomes of
disease activity. The inclusion of bursa
in future new consensus definition of
enthesitis should be evaluated.
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TITLE: “Can we use enthesis ultrasound as an outcome measure of disease activity in

spondyloarthritis?: A study at the Achilles level”
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AUTHORS: Falcao S, Castillo-Gallego C, Peiteando D, Branco J, Martin Mola E, de

Miguel E.

5.2.2.1. PATIENTS AND METHODS:

In this part of the Thesis work we performed a longitudinal enthesis US study in
patients with early SpA. Approval was obtained from the ethics committee of the

Hospital Universitario La Paz. All patients signed an informed consent form.

5.2.2.1.1. Patients
The sample included the baseline visit for 146 consecutive patients attending the
Early SpA Unit as part of the ESPERANZA programme. The patients were diagnosed
with SpA according to accepted ASAS classification criteria. All patients completed the
Spanish version of the BASDAI and the BASFI. Peripheral joint count and the presence
of heel pain were also registered on the same visit day. Laboratory tests included ESR,
CRP and HLA-B27. The CRP version of the Ankylosing Spondylitis Disease Activity

Score (ASDAS) and the BASRI were calculated.
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5.2.2.1.2. US examination

Patients underwent an Achilles US examination at baseline, and 6 and 12
months according to the Madrid Sonographic Enthesitis Index (MASEI) (24). In this
study, the only score was for the Achilles enthesis. The US was performed by one
rheumatologist trained in enthesis US using a Logiq 9 machine (General Electric,
Wauwatosa, W1, USA) with a linear probe at 9-14 MHz. The US examiner was blinded
to the status of the subject. The elemental lesions were defined according to
OMERACT definitions and the original MASEI publication. To improve precision,
erosion was defined as cortical breakages with step-downs of more than Imm in depth
and width in both the longitudinal and transverse axes. Previous studies by our group
have shown good to excellent reliability results for the MASEI score with an intraclass
correlation coefficient range of 0.77 (95% CI 0.20, 0.95; P<0.01) to 0.97 (95% CI 0.90,

0.99; P<0.0001).

5.2.2.1.3. Statistical analysis
The mean (S.D.) was used to describe the demographic characteristics of
patients and US features. To compare quantitative and qualitative variables of clinical,
biochemical and US data, an independent sample t test and chi-squared test were used,
respectively. Pearson correlation coefficients were calculated to assess the relationships
between disease activity measures and US features. P-values 0f<0.05 were considered
statistically significant. All data analyses were performed with SPSS version 17.0

software (IBM, Armonk, NY, USA).
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Concise report

Can we use enthesis ultrasound as an outcome
measure of disease activity in spondyloarthritis?
A study at the Achilles level

Sandra Falcao', Concepcion Castillo-Gallego?, Diana Peiteado?, Jaime Branco',
Emilio Martin Mola® and Eugenio de Miguel®

Abstract

Objective. The aim of this study was to evaluate the construct validity of enthesis US in the assessment of
disease activity in SpA.

Methods. A longitudinal Achilles enthesis US study in patients with early SpA was undertaken. Achilles US
examinations were performed at baseline, 6 and 12 months and compared with dinical outcome meas-
wes collected at the baseline visit.

Results. Biateral Achilles enthesis of 146 early SpA patients (68 women) were analysed. Basal mean
BASFI, BASRI-spine, BASDAI and Ankylosing Spondylitis Disease Activity Score (ASDAS) were 2.44 (s.o.
2.05, range 0-8), 0.67 (s.0. 0.74, range 0-3), 4.60 (s.0. 2.07, range 0-9.5) and 2.51 (so. 1.16, range 0-5),
respectively. The mean ESR was 15.0mm/h (s.0. 16.99, range 0-109) and the mean CRP was 8.67 mg/
(s.0. 16.98, range 1-90). At baseline, the Achilles Doppler signal and US structure alteration were signifi-
cantly associated with higher CRP and ESR levels. Patients who had very high disease activity at baseline,
as assessed by the ASDAS (>3.5), had a significantly higher Achilles total US score at baseline (P=0.04),
and ASDAS <1.3 predicted no Doppler signal at 6 and 12 months. Overal, the Achilles total US score was
significantly higher in patients with higher levels of CRP (baseline P=0.04, 6 months P=0.006, 12 months
P=0.03) and ESR (baseline P=0.02, 6 months P=0.04, 12 months P =0.005) at baseline. The Doppler
signal at the baseline visit predicted a higher total US score at 6 and 12 months.

Conclusion. Doppler US has significant associations with other commonly accepted disease activity
measures, such as ESR, CRP and ASDAS, and seems to be an objective outcome measure for enthesitis.

Key words: spondyloarthritis, ultrasonography, disease activity.

Introduction

SpA is a group of disorders characterized by inflammatory
involvement of the enthesis and the adjacent bone, and
enthesitis is regarded as the primary lesion in all SpA sub-
types (1, 2). The importance of enthesitis has increased in
recent years as a result of its inclusion in the recently de-
veloped Assessment of SpondyloArthritis international
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Society (ASAS) classification criteria for axial and periph-
eral SpA [3-5], as well as in the most recent European
League Against Rheumatism recommendations for the
management of PsA [6] One of the major problems in
daily practice is the diagnosis and monitoring of enthesi-
tis, which is consistent with the lack of sensitivity and re-
labiity reported in the previous literature (7). It has been
suggested that imaging techniques are superior to clinical
examination for this purpose, and even US might be su-
perior 1o MRI for detecting early signs of enthesopathy (8].
Furthermore, US is currently considered a powerful tool
for identifying entheseal affectation, capable of improving
diagnostic accuracy in SpA [9-11). The OMERACT enthe-
sopathy definition [12] encompasses a wide range of le-
sions that could represent either active enthesitis or
entheseal changes secondary to previous inflammation.
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Therefore the enthesitis US definition is still pending. In
this sense, knowledge of which entheseal US lesions are
related to other SpA disease activity outcomes could be
relevant. The aim of the present study was to determine
the construct validity of enthesis US in the assessment of
disease activity in SpA.

Patients and methods

We performed a longitudinal enthesis US study in patients
with earty SpA. Approval was obtained from the ethics
committee of the Hospital Universitario La Paz. All pa-
tients signed an informed consent form.

Patients

The sample included the baseline visit for 146 consecutive
patients attending the Early SpA Unit as part of the
Esperanza programme, the referral criteria of which have
been previously published [13]. The patients were diag-
nosed with SpA according to accepted ASAS classifica-
tion criteria [3-5]. All patients completed the Spanish
version of the BASDAI and the BASFI. Peripheral joint
count and the presence of heel pain were also registered
on the same visit day. Laboratory tests included ESR,
CRP and HLA-B27. The CRP version of the Ankylosing
Spondylitis Disease Activity Score (ASDAS) [14, 15] and
the BASRI were calculated.

US examination

Patients underwent an Achilles US examination at base-
line, and 6 and 12 months according to the Madrid
Sonographic Enthesitis Index (MASEI) [16]. In this study,
the only score was for the Achilles enthesis. The
ultrasonography was performed by one rheumatologist
trained in enthesis US using a Logiq 9 machine (General
Blectric, Wauwatosa, WI, USA) with a linear probe at
9-14MHz. The US examiner was blinded to the status
of the subject.

The elemental lesions were defined according to
OMERACT definitions [12] and the original MASE! publi-
cation [16]. To improve precision, erosion was defined as
cortical breakages with step-downs of more than 1 mm in
depth and width in both the longitudinal and transverse
axes. Previous studies by our group have shown good to
excellent reliability results for the MASEI score with an
intraclass correlation coefficient range of 0.77 (35% Cl
0.20, 0.95; P<0.01) to 097 (95% Cl 090, 099
P <0.0001) [16, 17].

Statistical analysis

The mean (s.0.) was used to describe the demographic
characteristics of patients and ultrasonographic features.
To compare quantitative and qualitative variables of clin-
ical, biochemical and US data, an independent sample
t test and chi-squared test were used, respectively.
Pearson correlation coefficients were calculated to
assess the relationships between disease activity meas-
ures and ultrasonographic features. P-values of< 0.05

were considered statistically significant. All data analyses
were performed with SPSS version 17.0 software (IBM,
Armonk, NY, USA).

Results

One hundred and forty-six early SpA patients (68 females)
were examined. The subjects had a mean age of 32.4
years (s.0. 7.4, range 18-45). The average evolution time
of disease was 10.9 months (s.o. 7.1). Forty-four per cent
of patients had sacroilitis on MRI and 10% fulfilled the
modified New York AS criteria. Forty-seven per cent of
patients were HLA-B27 positive, 27.6% had heel pain
and 37.5% had peripheral arthritis. Thirty-eight per cent
of patients with heel pain had Doppler signal compared
with 24% of those without heel pain. There was no sig-
nificant association between heel pain and Achilles
Doppler signal (P=0.34). The baseline mean visual ana-
logue scale for pain and patient global disease assess-
ment was 5.15 (s.o0. 2.5, range 0-10) and 2.98 (s.0. 1.56,
range, 0-7), respectively. The mean BASFI measurement
was 2.44 (s.0. 2.05, range 0-8) and the mean BASRI-spine
measurement was 0.67 (s.0. 0.74, range 0-3). The base-
line mean BASDAI, ASDAS, ESR and CRP measurements
were 4.60 (s.0. 2.07, range 0-9.5), 2.51 (s.0. 1.16, range
0-5), 15.0 mm/h (s.0. 16.99, range 0-109) and 8.67 mg/|
(s.0. 16.98, range 1-90), respectively. At baseline, all pa-
tients were treated with NSAIDs and 22 began classic
DMARDs (SSZ or MTX). Associations between clinical
and laboratory measurements of SpA patients’' basal
data and the Achilles enthesis elemental lesions are re-
ported in Table 1. At baseline, the Achilles Doppler signal
and structure were significantly associated with higher
CRP and ESR levels. Patients with Achilles Doppler
signal at the baseline visit had a significantly higher total
US score, not only at baseline but also at 6 and 12 months
(P < 0.0001). At baseline, none of the elemental Achilles
lesions were consistently associated with the BASDAI, in-
dividual BASDAI questions, BASFI, BASRI, ASDAS or pa-
tient global disease assessment.

Patients who had very high disease activity at baseline
assessed by ASDAS (>3.5) had a significantly higher
Achilles total US score at baseline (P=0.04). The same
Achilles total US score was not associated with other
ASDAS cut-offs or BASDAI. Overall, Achilles total US
score was significantly higher in patients with higher base-
line levels of CRP (baseline P=0.04, 6 months P =0.0086,
12 months P=0.03) and ESR (baseline P=0.02, 6 months
P=0.04, 12 months P=(0.005) (Table 2). At baseline, ESR
conelated weakly with baseline structure (r=0.26,
P=0.007), Doppler signal (r=0.28, P=0.004) and total
Achilles score (r=0.31, P=0.01). CRP had similar corel-
ations (structure: r=0.32, P=0.001; Doppler. r=0.29,
P=0.002; total Achilles score: r=0.36, P <0.001). None
of the correlations described for ESR and CRP were con-
sistently present for the ASDAS or BASDAI Patients with
baseline inactive disease assessed by ASDAS (<1.3) had
no Doppler signal at 6 and 12 maonths. In the group treated
with anti-inflammatory drugs in monotherapy, similar
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Enthesis ultrasound and spondyloarthritis

results were found for CRP and ASDAS. The Achilles total
US score was significantly higher in patients with higher
baseline levels of CRP (baseline P=0.05, 6 months
P=0.03, 12 months P=0.02). Patients with very high dis-
ease activity assessed by ASDAS (=3.5) had significantly
higher Achilles total US scores at baseline and 6 months
(P=0.006 and P=0.01, respectively). Furthermore, pa-
tients with high disease activity assessed by BASDAI
(>4) had a significantly higher Achilles total US score at
6 months (P=0.007). SpA patients with positive HLA-B27
had significantly higher levels of BASRI (P=0.01), but no
cormelation was found for other clinical, laboratory or US
outcomes.

Discussion

In general, assessment of patient disease activity Is
always difficult, particularly in SpA. The concept of dis-
ease activity, a reflection of the underlying inflammation,
encompasses a wide range of measures and domains.
For its assessment, we can use the patient and the phys-
ician perspective, single disease activity parameters (e.g.
ESR or CRP) or a composite index. It is likely that a com-
posite disease activity index will capture multiple import-
ant aspects of disease activity and better represent the
true disease state. The BASDAI, probably the most com-
monly used score in clinical practice, is composed of six
domains with a high level of face validity; however, it rep-
resents only the subjective perspective of the patient [18].
To reduce the well-known limitations of subjective com-
ponents based on patient perspective, ASAS has de-
veloped the ASDAS, with the hypothesis that a better
selection of patient perspective components and an ob-
jective laboratory parameter will improve the composite
score [14, 19].

The enthesis, which is one of the more important tar-
gets in the pathogenesis of SpA, is undervalued in the
assessment of disease activity. The inclusion of enthesi-
tis as an outcome measure in SpA patients Is repre-
sented in the BASDAI in question 4 but not in the
ASDAS. The ASAS core set for clinical record keeping
and for disease-controlling anti-rheumatic treatments
validated an enthesitis score, such as the Maastricht
Ankylosing Spondylitis Enthesitis Score (MASES), San
Francisco or Berlin [20]. However, it is accepted that
clinical examination lacks sensitivity and specificity for
enthesitis detection and that imaging techniques such
as US can be efficiently used for this purpose. This is
why a large number of studies have been published on
US entheseal alterations in SpA diseases in recent years
B-11, 16].

Disease activity in SpA patients is most likely related
to at least three aspects: axial, synovial and entheseal
involvement. Any composite score that is used as an
outcome measure in SpA should include these domains.
Ouwr study explores a new perspective not previously
reported about the construct validity of enthesis US as
a possible disease activity outcome measure in SpA. The
question remains as to how US findings are related to

www.rheumsatol ogy oxfordjoumnals ong

other well-known measures of disease activity and their
relevance. In this sense, our results are exciting because
they show that basal ESR and CRP are higher in patients
with an enthesis Doppler signal and that higher basal
ESR, CRP and ASDAS predicted a higher Doppler
signal (a US alteration accepted as representative of in-
flammation) 6 months later. This seems to represent a
connection between classic biochemical or immuno-
logical aspects of inflammation and Doppler signal, not
only simultaneously, but also in future months. Patients
with higher ESR and CRP also had higher total Achilles
scores at the baseline, 6 and 12 month examinations,
which could be a predictor of poorer prognosis in
these patients. A similar association was also found at
baseline in patients with higher ASDAS. Remarkably, pa-
tients with inactive disease (ASDAS «<1.3) at baseline had
no Doppler signal at 6 and 12 months, indicating a nega-
tive predictive value. Furthermore, the Doppler signal at
the baseline visit predicted a higher total US score at 6
and 12 months. Interestingly, at baseline, patients with
ASDAS <2.1 had higher total Achilles scores when com-
pared with patients with ASDAS <3.5. One possible ex-
planation for this could be that the ASDAS measures
other domains besides enthesitis, so axial or peripheral
arthritis could influence the results. Nevertheless, during
follow-up, the total Achilles score decreased to a greater
extent in the group with higher ASDAS (ASDAS >3.5 vs
ASDAS <3.5), which is likely related to more aggressive
therapies (including biologic agents) in patients with
higher levels of disease activity and the relative lack of
efficacy of the treatment in patients with lower disease
activity. These findings reinforce the potential use of
enthesis US for assessment of disease progression and
prognosis. Nonetheless, the BASDAl does not show
significant differences between different cut-offs for US
lesions or Doppler signal when verified with the
ASDAS. These results seem to indicate that the ASDAS
better reflects entheseal disease activity than does
the BASDAL

One limitation of our study is the exploration of a single
peripheral enthesis. The challenge will be to verify if an-
other single enthesis or a composite US entheseal index
has better validity than the Achilles tendon by itself. Even
so, the consistency of our results using just one enthesis
is remarkable. Another limitation of our study is that we
had incomplete data for follow-up in the longitudinal
study; however, data for at least 80 patients remained
for each variable. Another limitation is that the study
was conducted by only one researcher with a US
machine, thus these findings need to be replicated by
others.

In conclusion, Doppler US is significantly associated
with other commonly used disease activity measures
and seems to be a valid tool for assessing entheseal in-
flammation in SpA patients. As a disease status measure,
it seems that, compared with the BASDAI, the ASDAS
better reflects entheseal inflammation. This study sup-
ports the construct validity of enthesis US and provides
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further evidence that enthesis US could be a useful tool
for disease assessment in patients with SpA.

Rheumatology key messages

« Doppler US seems to be a valid tool for assessing
entheseal inflammation in SpA patients.

« Doppler US can be used fo identify a connection
between clinical signs and biomarkers of inflamma-
tion in SpA.

« Compared with the BASDAI, the Ankylosing
Spondylitis Disease Activity Score better reflects
entheseal inflammation and has predictive value

for the Doppler signal in SpA patients.

Funding: This study was supported by an unrestricted
grant from the Spanish Rheumatology Foundation and
Pfizer (Esperanza program).
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5.2.3. ARTICLE 4

TITLE: “Colour Doppler and spectral Doppler ultrasound detection of active
sacroileitis in spondyloarthritis compared with physical examination”
JOURNAL: Rheumatology International (submitted, under revision)
AUTHORS: Castillo-Gallego C, De Miguel E, Garcia-Arias M, Plasencia Ch, Lojo-

Oliveira L, Martin-Mola E.

5.2.3.1. PATIENTS AND METHODS:

5.2.3.1.1. Patients

This part of the Thesis work was a cross-sectional, blinded and controlled study
of the SIJs, in which three populations were compared. We studied 108 patients, who
were divided into three groups: a) 53 patients diagnosed with SpA who had IBP; b) 28
patients diagnosed with SpA who did not have IBP or SIJ tenderness but had normal
physical examinations of the SIJs; and ¢) a group of 27 subjects, including 19 healthy
controls and 8 subjects, with mechanical lumbar pain. All of the patients included who
were diagnosed with SpA met the ASAS classification criteria for axial SpA.
Inflammatory back pain (IBP) was defined as pain in the lumbosacral according to

ASAS criteria, assessed by a rheumatologist.

The study was conducted according to local regulations and the Declaration of

Helsinki, and the ethical committee of our hospital granted approval for the study.
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5.2.3.1.2. Physical examination

A rheumatologist, who previously had performed the clinical history, assessed
the patients. The physical examinations of the SIJs included the following: sacral sulcus
tenderness, iliac compression, the midline sacral thrust test, Gaenslen’s and Patrick’s
tests. The results of these tests were reported as positive if any of these manoeuvres
provoked pain in the right or left SIJ or as negative if none of them provoked pain. Both

right and left SIJs were assessed and scored independently in each patient.

5.2.3.1.4. CDUS

CDUS examination of the SIJs was performed using a Logiq 9 equipment
(General Electrics Medical Systems, Milwaukee, Wisconsin, USA) fitted with a 9-14
MHz lineal probe. The ultrasonographer was blinded to the clinical data of the patient.
The color Doppler settings were the same for all of the participants, with a gain setting
just below the noise level and 5 MHz of Doppler frequency. The cases and the controls
were examined in the prone position. The probe, in the transverse position, was moved
from the cephalic origin of the SIJ to the end of the SIJ, caudal to the second sacral
foramen (figure 8). Vascularization within the SIJs was explored by the presence of a
CDUS signal. The sacral foramen, with its vessels, was always identified, but a Doppler

signal in this area was not considered to be a Doppler signal in the SIJs (figure 9).
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Figure 8 Movement of the US probe, in transverse position, from the cephalic origin of the SIJ to
the end of the SIJ, caudal to the second sacral foramen. end of sacroiliac joint.
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Figure 9 Images of SIJ US, the left one only grey scale and the right one with colour Doppler
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Figure 10 Image of CDUS of the left SI joints: no Doppler signal detected

Figure 11 Image of CDUS of the left SI joints: Doppler signal detected
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5.2.3.1.5. Spectral Doppler

If any Doppler signals were detected within the SIJs, the RI was measured. The
US flow patterns in the SIJs with activity on CDUS were evaluated using quantitative
spectral Doppler with automatic calculation of the RI (RI = [peak systolic flow - end
diastolic flow/peak systolic flow]). The values of the RI ranged between 0 and 1.
Measurements in each examination area were repeated at least twice, and the mean
values of those measurements were used as the results. If there was no Doppler signal
within the SIJs, the RI was calculated from the subcutaneous vessels above the SIJ.
Doppler of each SIJ was classified, after calculation of the cut-off point with ROC
curves (see results), as positive when both CDUS and RI were < 0.75 within the SIJ

arca.

Figure 12 Image of CDUS and Spectral Doppler of the Right sacroiliac joint with a Doppler signal

and spectral Doppler with a resistive index of 0.55
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5.4.1.5. Statistical analysis

Means =+ standard deviations were used to describe the demographic
characteristics. A statistical analysis was performed, estimating the sensitivity and
specificity against the gold standard, and ROC curves were constructed to calculate the
sensitivity, specificity, accuracy and best cut-off point of the spectral Doppler RI to
distinguish physiological from pathologic SIJ flow. A chi-square test for the comparison
of categorical variables and paired and unpaired t tests for continuous variables were

applied.
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Abstract

Objective: Sacroiliac jomt (SIT) mvolvement 1s a distinctive feature of spondyloarthritis
{SpA). The main objective of this study was to assess the validity of colour Doppler
ultrasound (CDUS) in SIJ.

Methods: This was a cross-sectional. blinded. case-control study of 108 cases divided
mto three groups: a) 53 SpA patients with mflammatory back pam (IBP); b) 28 SpA
patients with no IBP; and c) 27 healthy mechanical lumbar pain subjects. Physical
examinations of the SIs were assessed as positive or negative in each SIJ and were
used as the gold standard. SIJs were exammed with CDUS and spectral Doppler, and
the SITs were assessed as positive when both color Doppler and the resistance index
{RI) were less than the cut-off point within the SIJs area.

Results: A total of 108 cases (53 female; mean age 36:10 years old) were studied. The
physical examination of the SIIs was positive in 38 patients (59 SIJs). Ultrasound
detected Doppler signal within the SIJs i 37 cases (58 SDs): 33 of them had
symptomatic SpA (52 SIJs). 3 of them had asymptomatic SpA (5 SITs). and 1 was a
healthy control (1 SIJ). The accuracy of CDUS, when compared to physical SIJ
examination. at the patient level m the overall group had a sensitivity of 70.3%, a
spectficity of 85 7%. a posttive hkelihood ratio of 4.9 and a negative likelihood ratio of
0.36. For the spectral Doppler RI, with an optimal cut-off pomnt < 0.75. the sensitivity
was 76.2%, and the specificiiy was 77.8%.

Conclusions: CDUS of SIJs seems to be a feasible and valid method for detecting

active mflammation 1 patients with SpA_

Conflict of interest: C Castillo-Gallego has received an unrestricted grant from Spanish

Foundation of Rhenmatology and Pfizer (Esperanza Program).
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Introduction

Sacroihac joint (SIT) mvolvement 1s a distinctive and charactenistic feature of
spondyloarthritis (SpA). The diagnosis of AS relies on a combination of clinical
symptoms with unequivocal radiographic sacroilutis (1), X-ray radiography reveals
structural damage caused by inflammation but cammot detect active mflammatory
lesions. and the diagnosis of ankylosing spondylitis (AS) 1s commonly delayved by an
average of 6-9 years after the onset of symptoms (2. 3}. Mereover, at 10 years from the
first presentation of the disease, 25-35% of patients still do not have radiegraphic
sacroilutis (4). Therefore, new imaging techniques are required for the early diagnosis
and assessment of inflammatory activity in SpA_

In the last decade, magnetic resonance imagmg (MRI) has been mcreasingly
used to visualize inflammation in the SITs. and it has now been ncluded in the new
Assessment of SpondyloArthnitis Intemational Society (ASAS) crteria for the
classification of axial SpA (5). It has become clear in recent years that active
inflammatory lesions are wisible on MRI long before definite lesions on plain
radiographs are detectable (6). Although MRI can shorten the interval between the onset
of symptoms and the radiographic diagnosis of sacroilutis, the availability of MRI 1s
limited i many countries, and the techmique is relatively time-consuming and cost-
intensive.

Enthesis ultrasound has demonstrated that 1t 15 useful for disciminating patients
with long-standing SpA from those with early SpA (7-10). However, even in a less
explored field, such as mflammation m the SITs, US can be used by applying different
methods, mcluding grayscale or colour Doppler ultrasound (CDUS), spectral Doppler

resistive index (RI) and contrast-enhanced media (11-17).
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Thus far, there have been very few studies published assessing active
inflammatory lesions in the SITs using ultrasound The main purpose of this study was
to assess the validity of color Doppler ultrasound (CDUS), compared to physical
examination as the gold standard. in the assessment of active mflammation of the SIJs
1n patients with SpA,

Patients and Methods
Patients

This was a cross-sectional, blinded and controlled study of the SIIs. in which
three populations were compared. We studied 108 patients, who were divided into three
groups: a) 53 patients diagnosed with SpA who had IBP; b) 28 patients diagnosed with
SpA who did not have IBP or SIJ tendemess but had normal physical examinations of
the SIJs; and c) a group of 27 subjects. including 19 healthy controls and 8 subjects.
with mechanical lumbar pain. All of the patients included who were diagnosed with
SpA met the ASAS classification critera for axial SpA (5). Inflammatory back pamn
(IBP) was defined as pain in the lumbosacral according to ASAS criteria (18), assessed
by a theumatologist.

The study was conducted according to local regulations and the Declaration of
Helsink:, and the ethical commitiee of our hospital granted approval for the study.
Physical examination

A theumatologist, who previously had performed the chmical history, assessed
the patients. The physical examinations of the 5IJs included the following: sacral sulcus
tendemess. iliac compression. the midline sacral thrust test. Gaenslen’s and Patrick’s
tests. The results of these tests were reported as positive if any of these maneuvers
provoked pain 1 the right or left SIT or as negative if none of them provoked pain Both

right and left SIIs were assessed and scored mdependently in each patient.
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specificity agamst the gold standard. and recerver operating charactenistic (ROC) curves
were constructed to calculate the sensitivity, specaficity, accuracy and best cut-off point
of the spectral Doppler RI to distinguish physiological from pathologic SIT flow. A chi-
square test for the comparnison of categonical vanables and paired and unpaired t tests
for continuous vanables were applied.
Resulis

A total of 108 cases (53 female, 55 male; mean age 36+10 years old) were
studied. There were no sigmficant differences between the groups related to age or sex.
The physical examinations of the SITs were posttive 1n 38 patients (59 sacrothac joints).
Doppler signals were detected 1n 58 SI0s of 37 subjects, of whom 33 were from the
symptomatic SpA group (52 SIJs), three patients (5 SIs) were from the asymptomatic
SpA group. and one was a healthy control (1 SIJ) (figure 1). The accuracy of the CDUS
of the SI0s, when compared to SIJ physical examination as the gold standard. at the
patient level in the overall group had a sensitivity of 70.3%, a specificity of 85.7%. a
positive predictive value of 70.5% and a negative predictive value of 85.7%. The
positive likelihood ratio obtained was 4.9, and the negative likelihood ratio was 0.36.
The calculated RI area under the ROC curve was 0.794 {95% confidence mnterval 0.721-
0.866). For the spectral Doppler RI, with an optimal cut-off point < 0.75, the sensitivity
was 76.2%, and the spectficity was 77.8% (see table 1). The RI was used to distinguish
patients with active SIT inflammation, and the mean RI was 0.54 for positive SIJ
examnations and 0.94 for negative SIJ examnations (p<<0.0001). When we analyzed
the value of ultrasound i patients with IBP. CDUS showed a sensitivity of 62.26% and
a specificity of 92.59%. and the VPP and VPN were 89.19% and 71 43%. respectively.

with a positive LR. of 8 402 and a negative LR. of 0.408.
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cDUs

CDUS examnation of the SI0s was performed using Logiq 9 equipment
{General Elecirics Medical Systems, Milwaukee, Wisconsin, USA) fitted with a 9-14
MHz lineal probe  The ultrasonographer was blinded to the clinical data of the patient.
The color Doppler settings were the same for all of the participants, with a gain setting
Just below the noise level and 5 MHz of Doppler frequency. The cases and the controls
were examined in the prone position. The probe, in the transverse position, was moved
from the cephalic origin of the SIJ to the end of the SIJ, caudal to the second sacral
foramen (19, 20). Vascularization within the SIJs was explored by the presence of a
CDUS signal. The sacral foramen, with its vessels, was always identified, but a Doppler
signal in this area was not considered to be a Doppler signal in the SIJs.
Spectral Dappler

If any Doppler signals were detected within the SIJs, the RI was measured. The
US flow patterns m the SITs with activity on CDUS were evaluated using quantitative
spectral Doppler with automatic caleulation of the RI (RI = [peak systolic flow - end
diastolic flow/peak systolic flow]). The values of the RI ranged between 0 and 1.
Measurements in each examination area were repeated at least twice, and the mean
values of those measurements were used as the results. If there was no Doppler signal
within the SIJs, the RI was calculated from the subcutaneous vessels above the SIT.
Doppler of each SIT was classified, after calculation of the cut-off pomnt with ROC
curves (see results), as positive when both color Doppler and RI were < 0.75 within the
SIJ area.
Staristical analysis

Means =+ standard deviations were used to descmbe the demographic

charactenistics. A statistical analysis was performed. estimating the sensitivity and
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specificity aganst the gold standard, and recetver operating charactenistic (ROC) curves
were constructed to calculate the sensitivity, specificity, accuracy and best cut-off pomt
of the spectral Doppler RI to distinguish physiological from pathologic SIT flow. A chi-
scuare test for the comparison of categorical variables and paired and unpaired t tests
for continuous vanables were apphed.
Results

A total of 108 cases (53 female, 55 male; mean age 3610 years old) were
studied. There were no significant differences between the groups related to age or sex.
The physical examinations of the SITs were positive in 38 patients (59 sacroiliac jomnts).
Doppler signals were detected m 58 SIs of 37 subjects. of whom 33 were from the
symptomatic SpA group (52 SIJs), three patients (5 5I0s) were from the asymptomatic
SpA group. and one was a healthy control (1 SI) (figure 1). The accuracy of the CDUS
of the SIUs, when compared to SIJ physical exanination as the gold standard, at the
patient level in the overall group had a sensitivity of 70.3%. a specificity of 85.7%. a
positive predictive value of 70.5% and a negative predictive value of 85.7%. The
positive likelihood ratio obtamed was 4.9, and the negative likelihood ratio was 0.36.
The calculated RI area under the ROC curve was 0.794 (95% confidence mnterval 0.721-
0.866). For the spectral Doppler RI, with an optimal cut-off point = 0.75, the sensitivity
was 76.2%, and the specificity was 77.8% (see table 1). The RI was used to distinguish
patients with active SIJ inflammation, and the mean RI was 0.54 for posiive SIT
examunations and 0.94 for negative SIJ exanunations (p=0.0001). When we analyzed
the value of ultrasound in patients with IBP, CDUS showed a sensitivity of 62.26% and
a specificity of 92.59%, and the VPP and VPN were 89 .19% and 71.43%. respectively,

with a positive LR of 8.402 and a negative LR of 0.408.
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Figure 1: Ultrasound images of the sacroiliac joints
: B C

i

A. Left sacroiliac joint with no Doppler signal. B. Left sacroiliac joint with a Doppler
signal C. Right sacroiliac jomnt with a Doppler signal and spectral Doppler with a
resistive index of 0.55

Table 1: Determunation of the resistive index cut-off level (receiver operating
charactenstic area under the curve)

Resistive Index |  Sensitivity Specificity
<20 0.960 0.978
<30 0952 0.956
<35 0.929 0.889
=40 0913 0.822
=45 0.857 0.756
<.50 0.873 0.689

=.5050 0.873 0.667
=55 0.8349 0.600
=60 0.825 0.511

<.650 0.794 0.333
=70 0.778 0244
<75 0.762 0.222
=80 0.730 0.133
<85 0.667 0.089
=90 0.627 0.089
95 0.611 0.089
2.0 0.000 0.000
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The examination time for each patient was 3-5 minutes for both the localization
of the SIJs in grayscale and CDUS, with 2 additional nunutes for the spectral Doppler

examination. No adverse events occurred in any of the participanis.

Discussion

Currently, there is hittle available knowledge on the use of ulirasound on the SIJs
or the applicability of US in the diagnosis and monitoring of SpA. In this sense,
conducting new studies in this field 1s important. Previous studies have provided imtial
evidence of the validity of SIJ US (11-17). Analyses of these data showed that US could
provide an opportunity to assess the SI0s. There have been different research end points
used in these studies, using grayscale mode, color Doppler, ultrasound-enhanced media
and BRI Contrast-enhanced studies have shown very good results in terms of validity,
but 1t 1s an mvasive techmque that mcreases the ttme and cost of examinations and can
lead to adverse events in patients.

To determine the real possibilities for the use of US SIJ exanunations in clinical
practice, 1t 1s mteresting to note that an LR greater than 10 or less than 0.1 15 considered
to be sufficienily strong evidence to confirm or disprove, respectively. a diagnosis in
most circumstances. LRs of 5-10 and 0.1-0.2 generate moderate shifts in pre-test and
post-test probabilities, respectively. and LRs of 2-5 and 0.5-0.2 generate smaller (but
sometimes important) changes in these probabilities. In our study, the positive LE
achieved by US in the SIJs was 4.9, meaning that US could be a useful test to assess
active sacroilitis in climcal practice. This result was better than the previously reported
data of 4 25 (12) and 2 67 (14) but was lower than the results when enhanced ultrasound

media were used, for which the positive LR was 6.71 (12).
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Zhu et al (17) studied the complex appearance of vascularity of the SITs in AS
and commented that most of the color flow signs corresponded to venous flow in active
AS patients. In our study. spectral Doppler tracing was obtained to confirm that each
color Doppler sipnal represented a true arterial or venous flow pattern. and the
wnflammatory patterns were also checked using the RI to improve the accuracy. In the
evaluation of the RI, our study had sumilar RI results to those achieved by previous
publications (12, 14, 17), demonstrating statistically significant differences between
SpA patients and controls. However, we went one step further wath the calculation of
the better cut-off for the RI (= 0.75) to differentiate clinical activity from normality
using flow patter assessment.

Furthermore, the presence of IBP 1s a key symptom of axial mnvolvement i
SpA. and 1t 1s present in the majority of patients (5). Therefore. we studied whether
CDUS assessment could answer a relevant cquestion in clinical practice, 1e whether
IBP 1s related to the diagnosis of SpA. In our study, the presence of Doppler signals 1n
the SIJs resulted in a high positive LR value when compared to patients with or without
IBP. The combination with IBP increased the post-test probability of SI joint US
examination to a positive LR of § 4; thus, CDUS of the SIIs could be of relevance i the
detection of active sacroiliitis and in the diagnosis of SpA. but these data need to be
confirmed n further studies.

There were some limitations to our study. First, an increased body mass index
can reduce the sensitivity of CDUS. It was difficult to detect CDUS signals with our US
equipment when the SIJs were deeper than 4 em. This fact could have resulted in some
false negatives cases. Second, we compared TS results to physical examination as the
gold standard. There are many physical examination tests for the SITs. and all of them

have been advocated as useful tools in identifying patients with SIJ pain; however, none
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of the available SITJ tests appears to be clearly supenior to the others (18). To reduce tlus
limitation, we used several of these tests. Moreover, physical examination has been
accepted as the gold standard in previous studies (14. 17), although it is probably not
the actual gold standard. Histopathology is the most accurate gold standard. but 1t 1s
difficult to perform. MRI 1s accepted as a good techmque to assess sacroilutis, but its
correlation with histopathology has a relative lack of sensitivity (19).

CDUS can also be used to perform US-guided sacroihiac joint injection in the
treatment of sacrotlitis (20) and to detect the changes of sacroilutis and peripheral
enthesitis in AS patients under biologic therapy (21).

In concluston, CDUS 15 a promusing imaging techmique for the detection of
active sacroilutis and could be a less expensive and easier-io-apply alternative method
to MRI for detecting inflammation secondary to increased SI0 vasculanzation. Our
results showed good sensimivity and high specificity of CDUS combined with RI,
especially when they were associated with IBP. CDUS mmght be as cost-effective a
techmque as an initial imaging assessment 1n the study of mflammatory lower back

pain.

Compliance with Ethical Standards:

- Disclosure of potential conflicts of interest: This study was funded by an
uarestricted grant from Spanish Foundation of Rheumatology and Pfizer
(Esperanza Program).
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o Ethical approval: all procedures performed in this study were m

accordance with the ethical standards of the mnstitutional research
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5.2.4. ARTICLE 5

TITLE: “Ultrasonographic Assessment of nail in Psoriatic Disease Shows a Link

Between Onychopathy and Distal Interphalangeal Joint Extensor Tendon Enthesopathy”

JOURNAL: Dermatology 2012 nov; 225: 231-235

AUTHORS: Aydin SZ, Castillo-Gallego C, Ash ZR, Marzo-Ortega H, Wakefield RJ,

Wittmann M, McGonagle D.

5.2.4.1. PATIENTS AND METHODS

5.2.4.1.1. Patient groups and clinical assessment

This part of the Thesis work was approved by the Leeds (East) Research Ethics
Committee. Informed consent was obtained from all participants. A total of 86 psoriasis
patients with or without PsA (169 nails) and 20 healthy controls (HC) (40 nails) were
assessed for the purpose of this study. Macroscopic nail features were assessed by
clinical examination. Abnormalities including onycholysis, pits, nail plate crumbling,
leuconychia, splinter haemorrhages, nail bed hyperkeratosis and red spots in the lunula
were recorded and scored by using the mNAPSI scoring system by a rheumatologist

experienced in this assessment. This assessor was blinded to the US findings.

5.2.4.1.2. Ultrasonography
An US scan of patients’ nails was performed by a rheumatologist fully trained in
musculoskeletal US (S.Z.A.), using a Logiq E9 machine (General Electric, Wauwatosa,

Wisc., USA) and a linear probe at 18—10 MHz. Two nails per patient were scanned by
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US. The clinician performing the mNAPSI selected the most severely involved nail and
the corresponding nail on the other hand (irrespective of involvement) to be scanned.
The ultrasonographer was unaware of the presence or absence of nail disease and was
only informed which finger was to be scanned. The nail plate and nail matrix were
scanned in every patient. A thick gel layer allowed for appropriate transmission of
ultrasound without any additional device. All US assessments were performed using a
multiplanar technique, scanning the nail from medial to lateral sites and from the lunula
to the distal nail in order to provide as complete coverage as possible. Particular
attention was paid to blind the sonographer from the clinical findings; the room was
completely darkened during the US assessment and the patients and controls were asked
not to talk to the sonographer prior to or during the US assessment. The sonographer did
not perform a physical examination, therefore sites other than those involved in the US
scan were not seen by the sonographer. The light of the US machine alone is not enough
for the sonographer to see the nails clearly. Nail Plate Region. A dorsal longitudinal
scan of the distal phalanx at the midline was used for thickness measurements. The
thickness of the nail was measured as the maximum distance between the dorsal and
ventral nail plates. The sonographic trilaminar appearance of the nail plate was
evaluated. The trilaminar structure (two hyperechogenic bands with a hypo/anechogenic

band in the middle) was documented as either present or absent.
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Figure 13  US images of the nail. Longitudinal (a) and transverse (b) scan of the healthy nail
demonstrating the trilaminar structure as two hyperechoic lines (arrows) surrounding an anechoic line.
(NP= nail plate; S= skin; DP= distal phalanx)

Figure 14  US image of the nail. Loss of the trilaminar appearance at the ventral plate seen as the
irregularity and absence of the deeper hyperechoic line (arrow) (NP= nail plate; S= skin; DP= distal
phalanx)

Figure 15 US image of the nail. Pitting and irregularity of the nail plate (arrows). (NP= nail plate;
S= skin; DP= distal phalanx; DIPJ= DIP joint)
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Figure 16  US image of the nail. Measurements of the thickness:

a: nail thickness; the maximum distance between the ventral nail plate and the cortex of the distal
phalanx at the level of the matrix.

b: nail matrix thickness; the distance between the ventral nail plate and the cortex of the distal
phalanx at the level of the matrix.

c: skin thickness; the maximum thickness of the hyperechoic epidermis and hypoechoic dermis
around the level of the DIPJ.

(NP= nail plate; S= skin; DP= distal phalanx; DIPJ= DIP joint)

Figure 17 US images of the nail. An example of different enthesal and skin thickness (blue line) in
a healthy control (a) and in a patient with psoriasis (b).

The thickening of the extensor tendon (red line) and enthesis is seen in addition to hypoechogenicity
(*) and an enthesophyte (E) (b) as well as the increased thickness of the skin.

(DIPJ= DIP joint; DP= distal phalanx; MP: middle phalanx)
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Pits and irregularities of the nail plate surface were noted as regions where the
normal convexity of the nail plate was lost. Nail Matrix Region. The skin thickness was
measured as the maximum thickness of the hyperechoic epidermis and hypoechoic
dermis around the level of the DIP joint. The thickness of the matrix was measured as
the distance between the ventral nail plate and the cortex of the distal phalanx at the
level of the matrix, determined by a line perpendicular to the bone profile. With respect
to the nail matrix region, the thickness of the extensor tendon at the level of insertion
was assessed as normal or thickened by comparing it to the proximal part of the tendon.
The grey-scale settings used for nail assessment were: frequency at 14 MHz, gain at 18

dB and a dynamic range at 36 dB.

5.2.4.1.4. Statistics

Data are expressed either as frequencies or medians (range). The concordance
between US and physical examination was evaluated using absolute agreements and
kappa analysis and the prevalence of findings was compared using the x 2 test. The
measurements of the HC and patients were compared using the Mann-Whitney U test.
To test the differences between subgroups for the presence or absence of nail disease,
the Kruskal-Wallis test was applied followed by the Mann-Whitney U test. To assess
reproducibility, the images of randomly chosen 100 extensor tendons were reassessed
for the presence or absence of thickening by the same investigator blinded to the nail
plate findings, and this revealed a moderate agreement with a kappa value of 0.58.

Statistical analysis was performed using SPSS version 11.5.
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Abstract

Objective: We compared ultrasonography (US) with the
modified nail psoriasis severity index (mNAPSI) to investi-
gate the nail plate, nail matrix and adjacent tendons in sub-
jects with psoriatic nail disease and to test the hypothesis
that nail involvement was specifically linked to extensor ten-
don enthesopathy. Methods: 86 psoriatic patients (169 nails)
and 20 healthy controls (HC) (40 nails) were assessed with
both the mNAPSI and US. The thickness of the nail plate, nail
matrix region and adjacent extensor tendon were assessed
and compared with physical examination findings. Results:
A good agreement between clinical and sonographic nail
findings was noted (kappa value = 0.52, p < 0.0001). Enthe-
seal thickening of the extensor tendon on US was more fre-
quent in patients with clinical nail disease compared to pa-
tients without clinical nail disease in both psoriasis and pso-
riatic arthritis (38 vs. 16%, p = 0.03, and 47 vs. 19%, p = 0.008,
respectively). Nail thickness, nail matrix and adjacent skin

thickness were higher in psoriatic patients compared to HC.
Conclusion: US and dinical findings show good correlation
for the assessment of the nail in psoriatic disease. The dem-
onstration of extensor tendon enthesopathy in both psoria-
sis and psoriatic arthritis supports the importance of enthe-
sopathy in nail disease pathogenesis whether or not clinical
arthritis is present. Copyright © 2012 $. Karger AG, Basel

Introduction

The importance of nail disease in subjects with psoria-
sis is being increasingly recognised [1]. Clinically, nail dis-
ease is associated with pain, functional loss, disfigurement
and psychological distress [2]. From the rheumatological
perspective, the pr e of nail di is a predictor for
the development of psoriatic arthritis (PsA) [3]. In PsA pa-
tients, nail disease is associated with arthritis of the distal
interphalangeal (DIP) joint [4, 5]. The nail is directly an-
chored to the underlying bone by structures including the
extensor tendon [6-8). Enthesopathy is a generalised fea-
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Fig. 1. Longitudinal (a) and transverse (b) scan of the healthy nail
demonstrating the trilaminar structure as two hyperechoic lines
(arrows) surrounding an anechoic line. ¢ Loss of the trilaminar
appearance at the ventral plate seen as the irregularity and ab-
sence of the deeper hyperechoic line (arrow). d Pitting and ir-
regularity of the nail plate (arrows). NP = Nail plate; S = skin;
DP = distal phalanx; DIP] = DIP joint.

ture of both psoriasis and PsA and we have recently dem-
onstrated that in psoriasis patients, nail disease is associ-
ated with a greater degree of systemic enthesopathy [9].
Presently, assessment of nail disease is difficult given
the limited utility of clinical assessment tools for the nail,
which include the nail psoriasis severity index (NAPSI)
and the modified NAPSI (mNAPSI) [10, 11]. Recently
magnetic resonance imaging, ultrasonography (US) and
optical coherence tomography have been reported as pos-
sible tools for a more objective assessment of nail disease
[12-15]. US has wide availability in the rheumatology set-
ting, modest costs, a high resolution and allows good vi-
sualisation of tendons and entheses. With respect to the
nail matrix region, we were especially interested to deter-
mine whether US had the capability to detect local DIP
joint enthesopathy in PsA and psoriasis patients. No US-
based imaging study of the nail has considered the matrix
region before. Therefore in the present study, we assessed
the utility of US for the assessment of psoriatic nail dis-
ease including both the nail plate and nail matrix region.

232 Dermatology 2012;225:231-235

Methods

Patient Groups and Clinical Assessment

This study was approved by the Leeds (East) Research Ethics
Committee. Informed consent was obtained from all partici-
pants. A total of 86 psoriasis patients with or without PsA (169
nails) and 20 healthy controls (HC) (40 nails) were assessed for the
purpose of this study.

Macroscopic nail features were assessed by clinical examina-
tion. Abnormalities including onycholysis, pits, nail plate crum-
bling, leuconychia, splinter haemorrhages, nail bed hyperkerato-
sis and red spots in the lunula were recorded and scored by using
the mNAPSI scoring system [10] by a rheumatologist experienced
in this assessment. This assessor was blinded to the US findings.

Ultrasonography

An US scan of patients’ nails was performed by a rheumatolo-
gist fully trained in musculoskeletal US (S.Z.A.), using a Logiq E9
machine (General Electric, Wauwatosa, Wisc., USA) and a linear
probe at 18-10 MHz. Two nails per patient were scanned by US.
The clinician performing the mNAPSI selected the most severely
involved nail and the corresponding nail on the other hand (ir-
respective of involvement) to be scanned. The ultrasonographer
was unaware of the presence or absence of nail disease and was
only informed which finger was to be scanned. The nail plate and
nail matrix were scanned in every patient. A thick gel layer al-
lowed for appropriate transmission of ultrasound without any ad-
ditional device.

All US assessments were performed using a multiplanar tech-
nique, scanning the nail from medial to lateral sites and from the
lunula to the distal nail in order to provide as complete coverage
as possible. Particular attention was paid to blind the sonographer
from the clinical findings; the room was completely darkened
during the US assessment and the patients and controls were
asked not to talk to the sonographer prior to or during the US as-
sessment. The sonographer did not perform a physical examina-
tion, therefore sites other than those involved in the US scan were
not seen by the sonographer. The light of the US machine alone is
not enough for the sonographer to see the nails clearly.

Nail Plate Region. A dorsal longitudinal scan of the distal pha-
lanx at the midline was used for thickness measurements. The
thickness of the nail was measured as the maximum distance be-
tween the dorsal and ventral nail plates. The sonographic trilam-
inar appearance of the nail plate was evaluated [13]. The trilami-
nar structure (two hyperechogenic bands with a hypo/anecho-
genic band in the middle) was documented as either present or
absent. Pits and irregularities of the nail plate surface were noted
as regions where the normal convexity of the nail plate was lost
(fig. 1).

gNaif Matrix Region. The skin thickness was measured as the
maximum thickness of the hyperechoic epidermis and hypoecho-
ic dermis around the level of the DIP joint. The thickness of the
matrix was measured as the distance between the ventral nail
plate and the cortex of the distal phalanx at the level of the matrix,
determined by a line perpendicular to the bone profile (fig. 2).
With respect to the nail matrix region, the thickness of the exten-
sor tendon at the level of insertion was assessed as normal or
thickened by comparing it to the proximal part of the tendon. The
grey-scale settings used for nail assessment were: frequency at
14 MHz, gain at 18 dB and a dynamic range at 36 dB.
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Statistics

Data are expressed either as frequencies or medians (range).
The concordance between US and physical examination was eval-
uated using absolute agreements and kappa analysis and the prev-
alence of findings was compared using the x? test. The measure-
ments of the HC and patients were compared using the Mann-
Whitney U test. To test the differences between subgroups for the
presence or absence of nail disease, the Kruskal Wallis test was
applied followed by the Mann-Whitney U test.

To assess reproducibility, the images of randomly chosen 100
extensor tendons were reassessed for the presence or absence of
thickening by the same investigator blinded to the nail plate find-
ings, and this revealed a moderate agreement with a kappa value
of 0.58.

Statistical analysis was performed using SPSS version 11.5.

Results

Of the psoriatic patients, 33/86 (38.4%) were female,
compared to 11/20 (55.0%) of the HC. 52 of the psoriatic
patients (60.5%) had clinical nail disease and 42 patients
(48.8%) had arthritis. Median (range) of disease duration
in patients with psoriasis was 16 (1-55) months and
mNAPSI score was 15 (1-56) in patients with nail disease.
None of the HC had any known clinical nail disease, pso-
riasis nor arthritis.

Nail Plate Findings by US and Comparison with

Clinical Assessment

Patients with psoriasis had significantly more US find-
ings of the nail than HC (42/86 [48.8%] vs. 2/20 [10.0%],
p < 0.002). There were more abnormal nail US findings
in nails with clinical findings (57/101 [56.4%] vs. 6/68
[8.8%], p < 0.0001). mNAPSI scores were higher in the
presence of any nail abnormality by US (14 [0-50] vs. 1
[0-56], p < 0.0001).

The absolute agreement between US and clinical as-
sessment in the 169 nails of the psoriatic patients was
76.3% with a kappa value of 0.52 (p < 0.0001). US detect-
ed abnormalities in 10 nails where clinical examination
was normal. Conversely, US failed to demonstrate any le-
sions in 30 nails despite the presence of a positive clinical
finding. These patients had either onycholysis or pitting
but collectively their nails had milder abnormalities with
lower mNAPSI scores than nails that were abnormal on
US (mNAPSI 10 [1-56] vs. 17 [1-50], p = 0.03).

Nail thickness was greater in patients in the psoriasis
group compared to HC (0.56 mm [0.3-1.9] vs. 0.5 mm
[0.3-0.6], p < 0.0001). Nail thickness was higher in those
nails with clinical abnormalities (0.6 mm [0.3-1.9] vs.
0.5 mm [0.3-0.9], p < 0.0001).

Ultrasonographic Assessment of Nail in
Psoriatic Disease

Fig. 2. Measurements of the thickness and comparison between
groups. a Nail thickness: The maximum distance between the
dorsal and ventral nail plates. b Nail matrix thickness: The dis-
tance between the ventral nail plate and the cortex of the distal
phalanx at the level of the matrix. ¢ Skin thickness: The maximum
thickness of the hyperechoic epidermis and hypoechoic dermis
around the level of the DIP joint (DIP]). NP = nail plate; S = skin;
DP = distal phalanx.

Nail Matrix Findings

Whereas US and clinical examination were broadly
similar in the assessment of the nail plate, the US assess-
ment of the nail matrix, skin and DIP joint region was
very revealing. Entheseal thickening of the extensor ten-
don insertion region was more frequent in patients in
whom there was an abnormality in the adjacent nail by
physical examination (35/83 vs. 15/86, p = 0.001). When
different clinical nail findings were analysed separately,
onycholysis (26/50 [52.0%] vs. 34/119 [28.6%], p = 0.005),
pitting (23/50 [46.0%] vs. 36/119 [30.3%], p = 0.05) and
nail crumbling (7/50 [14.0%] vs. 3/119 [2.5%], p = 0.008)
were found more frequently in patients with extensor ten-
don entheseal thickening. Likewise entheseal thickening
of the extensor tendon insertion region was more fre-
quent in patients in whom there was an abnormality in
the adjacent nail by US, but this difference was not statis-
tically significant (24/63 [38.1%] vs. 26/106 [24.5%], p =
0.08).

Both sonographically determined nail matrix and
skin thickness were higher in patients with psoriasis
compared to HC (nail matrix thickness: 1.9 mm [1.1-3.9]
in psoriasis vs. 1.8 mm [1.2-2.2] in HC, p = 0.003; skin
thickness: 1.1 mm [0.7-1.9] in psoriasis vs. 1 mm [0.6-1.6]
in HC, p < 0.0001). Of note, skin thickness in psoriasis
was not higher in those with clinical nail disease com-
pared to those without nail disease (table 1). The thick-
ness of the matrix was higher if there was clinical nail
disease (2 mm [1.2-3.9] vs. 1.8 mm [1.1-2.5], p < 0.0001).

However, with respect to the extensor tendon inser-
tion region we noted that tendon enthesopathy was often

Dermatology 2012;225:231-235 233
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Table 1. Comparison of extensor tendon thickening, skin, nail and nail matrix thickness between different disease groups

Psoriasis Psoriatic arthritis Healthy controls
nail disease  normal nails nail disease normal nails
Extensor tendon thickening, frequency (%)  17/45 (38) 7/43 (16) 18/38 (47) 8/43 (19) 0/40 (0)
Median skin thickness, mm (range) 1.1(0.8-1.9) 1.05(0.7-1.7) 107 (0.7-1.7)  1.1(0.7-1.9) 1(0.6-1.6)
Median matrix thickness, mm (range) 1.9(1.2-3.9) 1.8(1.2-24) 2(1.5-3.5) 1.7 (1.1-2.5) 1.8 (1.2-2.2)
Nail plate thickness (range) 0.6 (0.3-1.2) 0.5(0.3-0.7) 0.7 (0.4-1.9) 0.5 (0.3-0.9) 0.5 (0.3-0.6)

Fig. 3. An example of different entheseal and skin thickness (blue
line) in a HC (a) and in a patient with psoriasis (b). The thicken-
ing of the extensor tendon (red line) and enthesis is seen in addi-
tion to hypoechogenicity (*) and an enthesophyte (E) (b) as well
as the increased thickness of the skin. DIP] = DIP joint; DP = dis-
tal phalanx; MP = middle phalanx.

associated with thickening of the adjacent epidermis and
oedema of the dermis (skin thickness in patients with en-
theseal thickening 1.2 mm [0.7-1.9] compared to those
without entheseal thickening 1.02 mm [0.7-19], p =
0.009) (fig. 3).

To ascertain whether the extensor tendon thickening
was related to clinical DIP arthropathy or whether it
could be linked to psoriasis and nail disease without clin-
ical arthropathy, we looked at both groups separately. Pa-
tients with or without PsA had similar thicknesses of the

234 Dermatology 2012;225:231-235
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skin, nail and matrix. Similarly, the relationship between
extensor tendon thickening and clinical nail disease was
seen in both psoriasis and PsA (table 1).

In patients with clinical DIP disease (with tenderness
or swelling), extensor tendon thickening was more fre-
quent (11/18 [61.1%] in active DIP joints vs. 39/151 [25.8%]
in non-active DIP joints, p = 0.005). The thickness of the
skin (1.3 mm [0.8-1.9] vs. 1.1 mm [0.7-1.9], p = 0.04) and
the matrix (2.1 mm [1.4-2.9] vs. 1.9 mm [1.1-39], p =
0.05) were higher in those with clinical DIP disease
whereas nail thicknesses were similar (0.55 mm [0.3-0.9]
vs. 0.56 mm [0.3-0.9], p = 0.8).

Discussion

This is the first study using US to assess the entire nail
apparatus including the nail plate and nail matrix region,
where it is now known that the nail is integrated with the
skeleton [6]. Both US and clinical examination were
broadly similar for the assessment of the nail plate region.
In the evaluation of the nail matrix region we noted an
association between extensor tendon enthesopathy and
nail disease. This enthesopathy was specifically associ-
ated with nail disease but not clinical PsA. These findings
are relevant for the development of US for the assessment
of the nail disease and also point towards the importance
of the enthesis in nail involvement.

These findings have implications for a better under-
standing of nail disease in psoriasis. The link between
enthesopathy on US and clinical nail disease was not con-
fined to pitting, a recognised matrix-specific abnormal-
ity, but was also seen with onycholysis (thought to be a
nail plate lesion) which therefore would not be expected
to be related to extensor tendon disease. These findings
raise the possibility that nail pain and loss of function
seen in the dermatological setting may in part be related
to microenthesopathy-related pain. The relevance of

Aydin et al.

88



these changes for the development of PsA and their rele-
vance for the prognosis of nail disease awaits further
study.

Another noteworthy finding of the present study was
that the DIP enthesopathy was associated with both epi-
dermal thickening and dermal oedema. This is interest-
ing since it suggests a very close link between the pathol-
ogy in the skin and the adjacent enthesis and to the best
of our knowledge has not being recognised before. Per-
haps the skin changes may be secondary to extension of
the inflammatory processes to the adjacent dermis with
secondary epidermal changes, or they may reflect com-
mon mechanical stretching responses to the skin and en-
thesis during finger flexion.

There are some potential limitations to this study. As
with all US studies on psoriasis, it is not technically pos-
sible to be completely blinded to the skin findings if the
patient has very severe disease. We tried to avoid this sit-
uation by avoiding conversation between the patient and
the ultrasonographer about their disease and by having
the room completely darkened from the beginning of the

vourably with clinical assessment. Given that only super-
ficial changes can be detected by physical examination,
US proved to be informative in the nail matrix and adja-
cent extensor tendon region. In particular the US find-
ings in this study showed a link between extensor tendon
enthesopathy and nail disease. This supports the concept
that nail disease in psoriasis is more than skin deep, and
islinked to enthesopathy. This has broad implications for
further studies into nail disease in psoriasis.
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5.3. OCT and US in the assessment of nail disease in Psoriasis and

Psoriatic Arthritis

5.3.1. ARTICLE 6

TITLE: “Potential use of optical coherence tomography and high-frecuency ultrasound
for the assessment of nail disease in psoriasis and psoriatic arthritis”

JOURNAL: Dermatology 2013 Aug; 227: 45-51

AUTHORS: Aydin SZ, Castillo-Gallego C, Ash ZR, Abignano G, Marzo-Ortega H,

Wittmann M, Del Galdo F, McGonagle D.

5.3.1.1. PATIENTS AND METHODS

5.3.1.1.1. Patient Groups and Clinical Assessment

This part of the Thesis work was a ‘real-life’ evaluation of imaging performed
within the clinics of the Leeds Teaching Hospitals. A total of 300 finger nails of 18
patients with at least one diseased nail (5 psoriasis, 13 PsA) and 12 healthy controls
(HCs) were assessed. All patients were aged >18 years. Macroscopic nail features
including onycholysis, pitting, nail plate crumbling, leuconychia, splinter
haemorrhages, nail bed hyperkeratosis and red spots in the lunula were scored using the
mNAPSI scoring system by a rheumatologist who was blinded to the US and OCT

findings.

5.3.1.1.2. Ultrasound

An US scan of finger nails was performed in patients with psoriasis by a
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rheumatologist fully trained in musculoskeletal US (C.C.G.), using a Logiq E9 machine
(General Electric, Wauwatosa, Wisc., USA) and a linear probe at 9-14 MHz. The US
assessment was performed in a darkened room and the sonographer was blinded as far
as possible to the presence or absence of arthritis and nail disease. Patients were asked
not to communicate with the sonographer. All US assessments were performed using a
multiplanar technique, scanning the nail from the medial to the lateral side and from the
lunula to the distal nail in order to provide as complete coverage as possible. The nail
plate, nail matrix and nail bed of all fingers of the hands were scanned. A thick gel layer
allowed for appropriate transmission of US without any additional device.

The nail plate is seen in normal nails as two hyperechogenic bands with a
hypoechogenic band in the middle, which is thus called a trilaminar appearance. The
loss of this trilaminar appearance of the nail plate and the presence of pits or

irregularities in the nail surface were noted using grey-scale US.

5.3.1.1.3. OCT Assessment

All patients and controls were scanned using OCT by a different investigator
(S.Z.A.) blinded to the clinical details using a VivoSight optical OCT Probe (Michelson
Diagnostics, Orpington, UK) which is a multibeam frequency-domain type OCT with a
central laser wavelength of 1,305 nm and a sweep range of 150 nm. The nail plates were
assessed longitudinally from the lunula to the distal nail and from the lateral to the
medial side. The OCT probe was applied directly to the nail without intermediate gel.
The scanning of each nail lasted less than 1 min and did not cause dis- comfort to the
subjects studied. OCT provided images of the nail plate, the nail bed and the matrix up
to a depth of 2 mm and a width of 4 mm. The multislice mode was used, recording 100

slices per nail with interslice spacing of 4 um to provide densely sampled 3D ‘bread
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slice’ image volumes. In standard OCT the nail plate appeared as a layered structure
containing a number of horizontal homogeneous bands of varying intensity and
thickness. At the lunula and at sites of leuconychia, distinct horizontal white bands were
seen at the deep end of the nail plate and within the nail plate, respectively. We assessed
these lesions as well as other findings within the nail plate and surface abnormalities

that have not been described previously.

5.3.1.1.4. Nail OCT images

center matrix

Pathological nails
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Intra-nail plate disordered

keratinisation Leukonychia

Intra-nail plate Subungueal
disordered keratinisation haemorrhage

Figure 18 Nail OCT images (normal and pathological nails)

OCT showed remarkably high quality images of the nail, the adjacent nail matrix and the subungual
epidermis and vessels.

The most striking finding was that of leuconychia, manifesting as diffuse “white” lines running obliquely
along the middle third of the nail.

Pits were very superficial and were associated with disorders of the nail matrix keratinisation.

OCT also showed other nail lesions as intra-nail plate disordered queratinisation and subungueal
haemorrhage.
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Figure 19 Nail OCT and corresponding US images

OCT of the nails in psoriasis and PsA. Pitting is seen as an irregularity of the superficial nail plate,
sometimes associated with an underlying shadow. a Focal pitting. b A more diffuse lesion seen as waving
of the superficial nail plate. ¢ Corresponding US image of the nail seen in a . NP = Nail plate.

Figure 20  Appearance of hyperreflective lesions on OCT and the corresponding US images:

a—c Appearance of hyperref lective lesions on OCT.

a Linear regular stripes (seen clinically as leuconychia) located in between the two borders of the nail
plate. b Thickening and irregularity of the superficial layer. ¢ Hyperref lective spots, sometimes with an
underlying shadow, depending on the density of the calcification.

d, e Corresponding US images.

d US image corresponding to a, demonstrating the well-depicted trilaminar appearance [nail plates seen
as two white (hyperechoic) lines with a black line (anechoic) in between. e US image corresponding to c,
with local losses of trilaminar appearance, but no focal lesions are seen in between the nail plates.
Asterisks indicate loss of the trilaminar appearance.
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5.3.1.1.5. Statistics
Data are expressed either as frequencies or means (+ standard deviation). The
concordance between OCT, US and physical examination was evaluated using absolute
agreements and kappa analysis and the prevalence of findings was compared by y 2 test.
The sensitivities, specificities and likelihood ratios of different OCT findings to
differentiate psoriasis were calculated. Statistical analysis was performed using SPSS

version 11.5.
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Abstract
Background: Psoriatic nail disease is increasingly recog-
nised to be of major clinical and research relevance. Clinical
assessment remains the current gold standard for its evalu-
ation. Objective: We compared optical coherence tomogra-
phy (OCT) and ultrasound (US) for nail disease assessment in
psoriatic disease. Methods: 18 patients with at least one in-
volved nail and 12 healthy controls were scanned using OCT;
psoriatic patients also had an US scan (using a linear probe
at 9-14 MHz). Nail and contour abnormalities were docu-
mented. Clinical onychopathy was scored independently us-
ing the modified Nail Psoriasis Severity Index. Results:
Among 180 nails, 67.8% had clinical findings whereas 33.9%
were abnormal by US and 44.4% had abnormalities on OCT.
A positive OCT had a sensitivity and specificity of 44.4 and
95.8%, respectively, with a positive likelihood ratio of 10.7 for
nail disease. OCT d d 76.3% absolute ag
compared with clinical assessment and 65% with US, OCT

detected subtle abnormalities in 12 clinically normal nails
and in 41 nails with normal US findings. Conclusion: These
findings show that OCT has a potential for the systematic
characterisation of psoriatic nail changes and could be use-

ful in diagnosis and more objective nent of t
response. ©2013 5. Karger AG, Sasel
Introduction

Nail disease represents both a clinically and patho-
physiologically important aspect of both psoriasis and
psoriatic arthritis (PsA). In psoriasis, nail involvement
may be associated with significant pain and functional
impairment [1]. The pathogenesis of several matrix and
plate lesions including pitting, leuconychia and onychol-
ysis is still not clearly defined. The historical difficulties
in assessing treatments for nail psoriasis have in part
stemmed from the lack of objective assessment tools, as
well as the duration of treatment needed to see a response.
Currently these lesions may be clinically scored and eval-
uated using the Nail Psoriasis Severity Index (NAPSI) or
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the modified NAPSI (mNAPSI) system [2, 3]. The advent
of biological therapies which effectively treat psoriasis,
PsA and nail disease has further heightened the impor-
tance of understanding nail involvement. Nail disease
scores are one of the outcome measures used to assess the
success of therapy, and therefore it is important to have a
measure which is objective and sensitive to change.

From the rheumatological viewpoint, nail disease is
important since it is a predictor of future PsA develop-
ment [4]. Nail disease is also more common in PsA com-
pared to psoriasis without arthritis [5-8]. The basis for
this observation has now become more clear as enthesitis
(inflammation at tendon and ligament insertions) has
been shown to be a key feature of the skeletal manifesta-
tions of PsA [9, 10]. It has been suggested that the normal
nail is anchored to the skeleton via a network of entheses
[11]. Patients with nail disease also have more subclinical
enthesitis both at the distal interphalangeal joint level as
well as at remote sites [12, 13], although the link between
the different patterns of nail disease and subclinical en-
thesitis remains enigmatic [14, 15].

A combination of these dermatological and rheuma-
tological issues has led to an increased interest in imaging
of the nail to better understand disease mechanisms. We
have previously used both conventional and high-resolu-
tion MRI to image nail disease and to show that the nail
is functionally integrated with the skeleton, as outlined
above [16, 17]. Whilst MRI is good for demonstrating the
bone and soft tissues around the nail, the nail itself is very
poorly visualised due to its low water content. Several
studies have reported the use of ultrasound (US) in nail
evaluation. Given the accessibility and low cost of US, it
may become the method of choice for nail disease evalu-
ation [13, 18-20].

Nevertheless, there is a need for improved nail imag-
ing techniques for making a diagnosis, understanding
disease mechanisms and monitoring the response to ther-
apy. Recently we reported on our preliminary experience
with optical coherence tomography (OCT) for the assess-
ment of nail disease in psoriasis [21]. The accuracy of
OCT for measuring nail thickness has previously been
reported [22]. OCT is a non-invasive optical imaging
technique that has the advantage of incredibly high spa-
tial resolution compared to other clinically available
methods. It is already in dermatological use for the assess-
ment of skin tumours [23-26]. As the light-based ana-
logue of US pulse-echo imaging, OCT systems focus a
low-intensity infrared beam in tissue and analyse scat-
tered light to provide tomograms and 3D volumes of
morphology up to 2 mm below the surface. While oph-
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thalmic OCT has been in use since the early 1990s, ad-
vanced laser technology and multibeam modalities have
enabled the development of high-speed and ultra-high-
sensitivity ‘frequency-domain OCT” which provides the
superior contrast necessary to create dermatological im-
ages with <10 pum resolution at video rate [27, 28].

Here we compare OCT and US of the nail to ascertain
which of them is the best imaging modality and how they
compare to clinical assessment. We also describe in detail
the anatomical location of the different psoriasis-associ-
ated nail lesions.

Subjects and Methods

Patient Groups and Clinical Assessment

This was a ‘real-life’ evaluation of imaging performed within
the clinics of the Leeds Teaching Hospitals. A total of 300 finger
nails of 18 patients with at least one diseased nail (5 psoriasis, 13
PsA) and 12 healthy controls (HCs) were assessed. All patients
were aged >18 years. Macroscopic nail features including onychol-
ysis, pitting, nail plate crumbling, leuconychia, splinter haemor-
rhages, nail bed hyperkeratosis and red spots in the lunula were
scored using the mNAPSI scoring system by a rheumatologist who
was blinded to the US and OCT findings.

Ultrasound

An US scan of finger nails was performed in patients with pso-
riasis by a rheumatologist fully trained in musculoskeletal US
(C.C.G.), using a Logiq E9 machine (General Electric, Wauwato-
sa, Wisc.,, USA) and a linear probe at 9-14 MHz. The US assess-
ment was performed in a darkened room and the sonographer was
blinded as far as possible to the presence or absence of arthritis
and nail disease. Patients were asked not to communicate with the
sonographer. All US assessments were performed using a multi-
planar technique, scanning the nail from the medial to the lateral
side and from the lunula to the distal nail in order to provide as
complete coverage as possible. The nail plate, nail matrix and nail
bed of all fingers of the hands were scanned. A thick gel layer al-
lowed for appropriate transmission of US without any additional
device,

The nail plate is seen in normal nails as two hyperechogenic
bands with a hypoechogenic band in the middle, which is thus
called a trilaminar appearance. The loss of this trilaminar appear-
ance of the nail plate and the presence of pits or irregularities in
the nail surface were noted using grey-scale US.

OCT Assessment

All patients and controls were scanned using OCT by a differ-
ent investigator (S.Z.A.) blinded to the clinical details using a
VivoSight Topical OCT Probe (Michelson Diagnostics, Orpington,
UK) which is a multibeam frequency-domain type OCT with a cen-
tral laser wavelength of 1,305 nm and a sweep range of 150 nm.

The nail plates were assessed longitudinally from the lunula to
the distal nail and from the lateral to the medial side. The OCT
probe was applied directly to the nail without intermediate gel. The
scanning of each nail lasted less than 1 min and did not cause dis-

Aydin et al.
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Fig. 1. a Typical appearance of the healthy nail by OCT. The su-
perficial and the deeper layers of the nail plate (NP) are clearly
marked (arrows). b The lunula (Lun) has a bright triangle shape
with the apex showing the tip of the finger (dashed arrow showing
the direction). ¢ Highly reflective spots within the tip (T) of the
nail. PNF = Proximal nail fold.

comfort to the subjects studied. OCT provided images of the nail
plate, the nail bed and the matrix up to a depth of 2 mm and a width
of 4 mm. The multislice mode was used, recording 100 slices per
nail with interslice spacing of 4 pm to provide densely sampled 3D
‘bread slice’ image volumes.

In standard OCT the nail plate appeared as a layered structure
containing a number of horizontal homogeneous bands of varying
intensity and thickness. At the lunula and at sites of leuconychia,
distinct horizontal white bands were seen at the deep end of the
nail plate and within the nail plate, respectively. We assessed these
lesions as well as other findings within the nail plate and surface
abnormalities that have not been described previously.

Statistics

Data are expressed either as frequencies or means (+ standard
deviation). The concordance between OCT, US and physical ex-
amination was evaluated using absolute agreements and kappa
analysis and the prevalence of findings was compared by ¥° test.
The sensitivities, specificities and likelihood ratios of different
OCT findings to differentiate psoriasis were calculated. Statistical
analysis was performed using SPSS version 11.5.

Results

Clinical Assessment
None of the HCs had any abnormal nail findings by
physical examination whereas all psoriasis patients (in-

Validation of OCT to Assess Psoriatic
Nail Disease

____skin

T NDL

distal phalanx

Fig. 2. OCT of the nails in psoriasis and PsA. Pitting is seen as an
irregularity of the superficial nail plate, sometimes associated with
an underlying shadow. a Focal pitting. b A more diffuse lesion seen
as waving of the superficial nail plate. ¢ Corresponding US image
of the nail seen in a. NP = Nail plate.

cluding patients with or without arthritis) had at least
one abnormal nail. Clinical abnormalities were seen in
122/180 (67.8%) nails of patients with psoriasis. The
mean (standard deviation) number of abnormal nails
per patient within the psoriasis group [6.7 (3.3)] was
significantly higher than in HCs [0 (0); p < 0.0001], as
was the mean mNAPSI score [14 (11.4) vs. 0 (0); p <
0.0001].

Ultrasound Findings

Fourteen of the 18 (77.8%) psoriasis patients had at
least one abnormality detected on US. Within 180 as-
sessed nails, 61 (33.9%) had either loss of trilaminar ap-
pearance or pitting (50 had loss of trilaminar appearance,
25 had pitting and 14 had both). Of the 58 nails in the
psoriatic subjects that were scored clinically as normal, 11
had loss of trilaminar appearance on US, 7 had pitting
and 5 had both.

Dermatology 2013;227:45-51
DOI: 10.1159/000351702
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Fig. 3. a-c Appearance of hyperreflective lesions on OCT. a Lin-
ear regular stripes (seen clinically as leuconychia) located in be-
tween the two borders of the nail plate. b Thickening and ir-
regularity of the superficial layer. ¢ Hyperreflective spots, some-
times with an underlying shadow, depending on the density of
the calcification. d, e Corresponding US images. d US image
corresponding to a, demonstrating the well-depicted trilaminar
appearance [nail plates seen as two white (hyperechoic) lines
with a black line (anechoic) in between. e US image correspond-
ing to ¢, with local losses of trilaminar appearance, but no focal
lesions are seen in between the nail plates. Asterisks indicate loss
of the trilaminar appearance.

48 Dermatology 2013;227:45-51
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OCT of Normal Nail Matrix and Plate

The typical appearance of the nail by OCT is demon-
strated in figure 1a. The skin underneath the lunula ap-
peared brighter than that more distally. This may be due
to better light penetration of the lunula region where nail
keratinisation is less pronounced (fig. 1b). The tips of the
nails in normal subjects had areas of high reflective spots,
which was also very common in patients (fig. 1c). There-
fore this finding was not considered as an abnormality.

OCT of Nails in Psoriasis and Psoriatic Arthritis

Because of the depth of the tissues and the attenuation
of signal in depth, the imaging capabilities of OCT for vi-
sualisation of the nail matrix and extensor tendon enthe-
sis region were poor compared to US, so the nail matrix
region was not evaluated. On OCT, pitting could be seen
to be remarkably superficial and it was often associated
with small areas of sclerosis in the superficial nail plate,
which, on occasion, attenuated the incident light to a crit-
ical degree, causing a shadow under the pit (fig. 2a). Mild-
er lesions could be observed as wavy irregularity of the
superficial nail plate (fig. 2b).

Leuconychia had a very characteristic OCT appearance:
it could be visualized as linear regular white stripes which
were evident in the mid third of the nail plate and were al-
ways angled downwards from proximal to distal (fig. 3a).
Other hyperechoic lesions of the nail plate could be seen,
including thickening and irregularity of the superficial lay-
er (fig. 3b) and hyperreflective spots (fig. 3c). Hyperreflec-
tive spots were sometimes seen as multiple lesions and
sometimes as one lesion per nail. Depending on the den-
sity of the hyperreflective lesion, a post-lesion shadow
could be seen, again hiding the structure of the nail plate.

Two of the 12 HCs (16.7%) had at least one abnormal
nail by OCT. One HC had 4 abnormal nails by OCT, all
having hyperreflective spots. The other HC had one nail
with linear hyperreflective lesions on OCT. None of the
HCs had pitting/waving. Within patients, 15/18 (83.3%)
had at least one abnormal nail by OCT. As expected, the
number of involved nails by OCT per patient was signifi-
cantly higher in patients compared to HCs [4.4 (3.4) vs.
0.4 (1.2); p < 0.0001]. When analysed per nail, patients
had a significantly higher number of involved nails by
OCT compared to HCs [80/180 (44.4%) vs. 5/120 (4.2%);
p < 0.0001].

OCT detected abnormalities in 12/58 clinically normal
nails in psoriatic patients (6 with linear stripes, 3 with
thickening of the superficial layer, 5 with pitting and 2
with multiple lesions) compared to 5/120 nails in HCs
(p = 0.001). The absolute agreement between OCT and
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Table 1. Sensitivity, specificity as well as positive and negative likelihood ratios (LR+, LR-) of the OCT findings

Sensitivity Specificity LR+ (CI) LR- (CI)
Hyperreflective lesions on OCT 41.1 95.8 9.9 (4.1-23.7) 0.6 (0.5-0.7)
Punctate hyperreflective lesion 8.9 96.7 2.7 (0.9-7.8) 0.9 (0.9-1)
Diffuse linear hyperreflective lesion 18.9 99.2 22.7 (3.2-163.4) 0.8 (0.8-0.9)
Hyperkeratinisation of the superficial layer 13.3 100 nc 0.9 (infinite)
Pitting/waving of the superficial layer 139 100 nc 0.9 (infinite)
Any OCT finding 444 95.8 10.7 (4.5-25.6) 0.6 (0.5-0.7)
Combination of OCT findings 10.6 100 nc 0.9 (0.85-0.94)
CI = Confidence interval; nc = not calculable.
clinical assessment was 76.3%. There was a moderate Discussion

agreement with a kappa value of 0.49 (p < 0.0001).

Comparison of US and OCT was made on 180 nails of
the psoriatic group (with or without arthritis) where both
assessments were available. The absolute agreement be-
tween OCT and US was 65%. There was a fair agreement
between the two modalities with a kappa value of 0.27
(p <0.0001). Within the psoriasis and PsA patient groups,
OCT detected abnormalities in 41 nails where US assess-
ment was normal. On the contrary, there were 22 nails
that were abnormal by US and 54 clinically involved nails
despite having a normal OCT.

Predictive Value of OCT for Psoriasis

Having a positive OCT (either signal changes or con-
tour abnormalities) had a sensitivity and specificity of
44.4 and 95.8%, respectively, with a positive likelihood
ratio of 10.7 for a diagnosis of psoriasis (with or without
arthritis). When different findings of OCT were com-
pared, diffuse intra-nail plate linear hyperreflective le-
sions and superficial thickening of the nail had the highest
positive likelihood ratios (table 1).

When data were analysed per patient, having at least
one abnormal nail by OCT had an 83.3% sensitivity and
an 83.3% specificity for a diagnosis of psoriasis, with a
positive likelihood ratio of 5 (1.4-18) and a negative like-
lihood ratio of 0.2 (0.07-0.6).

Psoriasis versus Psoriatic Arthritis

This study was underpowered to assess the differences
between psoriasis patients with or without arthritis as
there were only 5 patients without arthritis. Within pso-
riasis patients 26/50 nails were OCT-positive (52%), simi-
lar to PsA patients (54/130 nails, 41.5%; p=0.2). The num-
ber of OCT-positive nails was also similar in both groups
[4 (1-10) in psoriasis versus 5 (0-8) in PsA; p = 0.5].

Validation of OCT to Assess Psoriatic
Nail Disease

The purpose of this work was to evaluate OCT in
comparison to US with respect to nail disease in psoria-
sis and PsA. Based on our findings, we suggest that OCT
has the potential to become the modality of choice for
imaging the nail in subjects with psoriasis-related nail
disease. It seems likely that OCT could permit a more
objective imaging assessment of nail disease and may be
helpful in diagnosis and assessment of treatment re-
sponses.

The OCT technique allows a more detailed assessment
of the nail structure than has previously been possible.
‘We have shown that pitting was remarkably superficial
but that leuconychia was in the middle layer of the nail.
We also describe a number of additional features that are
readily appreciated on OCT. Our preliminary findings
herein showed no obvious differences between PsA and
psoriasis.

Little data were available previously on the use of OCT
in assessing nail disease. Two small OCT studies in HCs
described the appearance of the nail using OCT; these
mentioned leuconychia with a similar pattern to that
which we have noted [22, 29]. One other study assessed
patients with a variety of nail disorders [30]. This includ-
ed two patients with psoriatic nail disease, with the first
description of the appearance of nail pitting.

Our results also indicate that OCT is capable of detect-
ing subclinical nail involvement in some psoriasis and
PsA cases compared to healthy subjects. This raises the
possibility that it could be used clinically in the rheuma-
tology setting to look for nail changes in patients without
obvious psoriasis in the presence of an undifferentiated
seronegative arthritis. On the other hand clinical assess-
ment was more positive than OCT, and whether OCT
detects more severe lesions that may progress needs fur-
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ther follow-up. It is possible that OCT could have a diag-
nostic role and serve as an objective and potentially quan-
tifiable tool to assess nail disease in psoriasis, which will
be addressed in prospective, larger studies.

A potential technical limitation of this work was that
the mNAPSI score was performed independently by a
clinical assessor and that quite often multiple lesions
were encountered in the same nail, including pitting,
onycholysis and leuconychia. These nails were invari-
ably reported as abnormal on OCT but it was therefore
not possible to correlate individual lesions between the
OCT and the mNAPSI. Another relevant issue to con-
sider is that the resolution of US is improving all the
time and that with higher-resolution probes, it may be
that the sonography will also prove to be useful for the
visualisation of the nail. Further work in this regard is
planned.

Research into the potential uses of OCT in this field is
ongoing in several centres. Recent studies have shown
some potential for the use of OCT in the diagnostic as-
sessment of fungal nail disease, with good sensitivity but
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lower specificity than other methods [30, 31]. In a sepa-
rate study, a change in nail thickness has been demon-
strated using OCT after exposure to water [29]. Clearly,
the use of OCT in the differential diagnosis between pso-
riatic and other types of nail disease merits further assess-
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In conclusion, this work shows that OCT may become
the imaging modality of choice for the assessment of nail
disease in psoriasis, including use as an objective measure
to assess response to therapy.
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5.4. Predictive factors in Psoriatic Arthritis and Spondyloarthritis

5.4.1. ARTICLE 7

TITLE: “The link between enthesitis and arthritis in psoriatic: a switch to a vascular

phenotype at insertions may play a role in arthritis development”

JOURNAL: Annals of Rheumatic Diseases 2013 Jun; 72(6): 992-5
AUTHORS: Aydin SZ, As ZR, Castillo-Gallego C, Kwok C, Wilson C, Goodfield M,

Gisondi P, Tan AL, Marzo-Ortega H, Emery P, Wakefield RJ, McGonagle DG.

5.4.1.1. PATIENTS AND METHODS

This part of the Thesis work was carried out at two European centres, at the
Leeds Teaching Hospitals (UK) and the University Hospital Department of Verona

(Italy). Ethics approval for the study was obtained at both sites.

5.4.1.1.1. Patient groups and clinical assessment
One hundred consecutive patients (42 with psoriasis and 58 with PsA) and 23
HC were recruited. PsA patients were included if they fulfilled the CASPAR criteria.14
Psoriasis patients were excluded if they had a current or previous history of arthralgia,
arthritis or enthesitis. The clinical assessment was performed by one rheumatologist at
each centre, who was blinded to the US data. This assessment included the psoriasis
area and severity index (PASI), tender and swollen joint counts (TJC, SJC) and the

Leeds and SPARCC enthesitis indices in the patients with PsA. Patients receiving

102



glucocorticoids and anti-tumour necrosis factor therapies were excluded from the study,
those receiving disease-modifying antirheumatic drug therapy were recruited if they had

active skin or joint disease (inad- equate responders).

5.4.1.1.2. Ultrasonography

US was performed by three rheumatologists fully trained in musculoskeletal
ultrasound and with a special interest in scanning enthesitis (SZA and CCG in UK, IT in
Italy). US was performed using a Logiq E9 machine (General Electric, Wauwatosa,
Wisconsin, USA) in the UK and a Logiq 5 machine (General Electric) in Italy, both
with a linear probe at 615 MHz. The lower limb entheses that have previously been
described in the GUESS scoring system (including Achilles, plantar fascia, quadriceps,
patellar tendon origins and insertions) were scanned. To enable blinding, patients were
asked not to com- municate with the sonographer about their disease during the US
assessment. The sonographer did not perform a physical examination, therefore sites
other than those involved in the US scan were not seen by the sonographer. The room
was completely darkened starting from the beginning of the US assessment. The light
from the US machine alone is not enough for the sonographer to see the skin clearly.
The patients were placed in a supine position to assess the entheses around the knee.
The knee was extended to assess the presence of Doppler signal and semiflexed to 30°
to assess the grey-scale (GS) changes. They were then asked to take a prone position
with the feet over the end of the examination Table in a neutral position for visualisation
of the entheses around the heel. The PD settings were standardised with a pulse
repetition frequency of 800 Hz, a colour-mode frequency of 9.1 MHz and low wall
filters. The colour gain was increased to the maximum level not generating PD signals

under the bony cortex. All US assessments were performed using a multiplanar
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scanning technique.

5.4.1.1.3. Ultrasound images interpretation

The GUESS scoring system was modified and the outcome measures in
rheumatology clinical trials definition of enthesopathy was used to interpret ultrasound
images: ‘abnormally hypoechoic (loss of normal fibrillar architecture) and/or thickened
tendon or ligament at its bony attachment (may occasionally contain hyperechoic foci
consistent with calcification), seen in two perpendicular planes that may exhibit
Doppler signal and/or bony changes including enthesophytes, erosions, or
irregularity’(5). Bursal enlargement was also scored. The thickness of the enthesis was
measured at the level of insertions and was evaluated on a quantitative basis. Normal
values for each insertion were accepted as reported in the literature (2) and less than 1
mm of increase exceeding the threshold was scored as grade 1, 1 mm or greater but less
than 2 mm of increase was scored as grade 2 and 2 mm or greater was scored as grade
3. Erosions were also scored quantitatively by the médximum diameter of the erosion
(grade 1, >0 mm but <2 mm; grade 2, >2 mm and <3 mm; grade 3, >3 mm). The rest of
the assessments were scored on a semiquantitative basis (mild changes grade 1,

moderate grade 2 and severe grade 3).

It is now recognised that the enthesis represents an integrated organ comprising
the insertion (which is avascular in health) and adjacent tendon, fibrocartilages and the
immediately adjacent synovium when present.15 For the PD assessment we therefore
looked for PD signal in all the components of the enthesis organ, including signals at
the insertion and inside the adjacent bursa, wherever these were present. It is not

possible to define the margins of the enthesis by US; however, the entheseal vascularity
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was assessed when the Doppler signal was close to the cortical bone.

US findings were categorised according to the following: GS changes related to
inflammation (entheseal hypoechogenicity, thickening and bursal enlargement) were
added up to calculate a ‘GS inflammation score’. PD scores were added up to calculate
a ‘Doppler inflammation score’. These two scores created a ‘total inflammation score’.
The GS changes related to chronic findings (calcifications, erosions and enthesophytes)
were added up to calculate a ‘chronicity score’. These scores were summated to give a

total US enthesopathy score.

Figure 21  US findings on enthesis in psoriatic arthritis: The origin of patellar tendon with moderate
thickening (white line); hypoecogenicity (*); small enthesophyte (e); calcifications (c)

Figure 22  US findings on enthesis in psoriasis: hypoecogenicity (*); small enthesophyte (&)
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5.4.1.1.4. Statistics

Data are expressed either as frequencies, means (SD) or medians (range)
according to the variability. The prevalence of each individual lesion by ultrasound in
patients with or without arthritis was compared by using a > test. The Mann—Whitney
U test was used to compare ultrasound scores between groups. Correlations between
clinical parameters (TJC, SJC, PASI and disease duration) and ultrasound scores
(separately for ultrasound scores related to inflammation, damage and total) were
analysed using the Pearson correlation test.

Statistical analysis was performed using SPSS V.11.5. To provide agreement
between sonographers, all investigators agreed on definitions and the scoring system
before the study both on saved images and while acquiring sample images. Stored
images from the first 21 patients included in the study (total 1020 images) were scored
by all three sonographers for GS and PD for all entheses. Intraclass correlation
coefficient values were calculated for each pair of investigators and for all types of

ultrasound scores used for the purpose of this study.
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EXTENDED REPORT

The link between enthesitis and arthritis in psoriatic
arthritis: a switch to a vascular phenotype at
insertions may play a role in arthritis development

Sibel Z Aydin,’ Zoe R Ash? llaria Tnam’ Concepcion Casulo-Gdego Chung Kwok.s
Caroline Wilson,® Mark Goodfield,® Paolo Gisondi,® Ai Lyn Tan? Helena Marzo-Ortega,?
Paul Emery,? Richard J Wakefield,? Dennis G McGonagle?

ABSTRACT

Objective Subclinical enthesopathy is recognised in
used ultrasonography with power Doppler (PD) to test
the hypothesis that subclinical enthesopathy in PsA was
assocated with an ‘nflammatory” or vascular phenotype
compared 1o that seen n PSOrass.

Methods 100 patients with a mean age of 46.3 years
(SD 15) 42 with psorasis and 58 with PsA) and 23
matched healthy controls (HC) from two centres were
incuded. 1230 lower imb entheses were scanned by
ultrasonographers biinded to clinical detals. Both
inflammatory and chronic features of enthesopathy were
scored.

Results Psorasis patients fwith or without arthritis)
were more liely to express a vascular phenotype, with
higher inflammation-related enthesopathy scores than HC
(for inflammation p<0.0001, for cheonicity p=0.02, for
total ultrasound scores p<0.0001). The PsA patients had
patents (inflammason p=004, chronicity p=0.02) and
HC fnflammation p<0.0001, chronicity p=0.003). When
symptomatic entheses were excluded, PsA patients stil
had higher PD scores than psoriasis patients (p«0.003).
Doggler pasitivity in &t least one entheseal ste was
observed more frequently in PsA (21/58, 36.2%) versus
psoriass (4/42, 9.5%: p=0002).

Conclusions This study shows that the ultrasound
appearances of subcinical enthesits in psoriasis differ
from the subclirical enthesitis in PsA, with PSA patients
having more PD. This is suggestve of a more
inflammatory or vascular process in PsA, and offers
potentially novel insights into the progression from skin to
joint disease in psoriasis.

INTRODUCTION

During the past decade it has emerged that enthe-
sitis and associated osteitis are the common
denominators underlying the multifaceted skeletal
manifestations of psoriatic arthritis (PsA) that
include axial and appendicular disease.” In keeping
with the importance of enthesitis as the key
paﬂ:dogiullaioannomtuu&ahavc
shown enthesopathy in asymptomatic large inser-
tions of the lower limbs in paucnuwnh spondy-
loarthropathies including PsA.? This is reminiscent
of studies in inflammatory oligoarthsitis, in which
ultrasound detected synovitis in joints that were

clinically ived® Of even g importance
is that sevenl studis have shown subdinical
mthmpahyamnmuptomdpmw
patients with no skeletal symptoms.*

Ultrasonography is well suited to the assessment
of entheses and is able to depict soft tissue thick-
cmngmdocd«mmadduontomwboneform
tion and erosions.” In recent years, power Doppler
(PD) ultrasonography has been increasingly used in
rheumatology as it identifies vascular abnormalities
known to be associated with inflammation. PD
ultrasound to some extent provides a reflection of
the degree of angiogenesis, which is critically
related w&r:nz damage and therapeutic responses
to drugs.™” An extra-articular PD signal has been
demonstrated in  both A md psonasis

ients.">" H , there is limited work dir-
caly comparing PD dungu at the insertions
between patients with PsA and psoriasis.

The purpose of this study was to undertake
ultnasonography of symptomatic and asymptom-
atic insertions in cases with PsA and cases with
psoriasis, the latter having no clinical arthritis. The
hypothesis tested was that the imaging pheno-
types might differ between PsA patients and psor-
lasis cases without clinical arthritis. In particular,
we hypothesised that the enthesopathy associated
with A would have a greater degree of vascular-
isation compared to that seen in psoriasis without
arthritis. We also postulated that subclinical vascu-
hrcham&dnemhanmdu be associated
with more discase activity in PsA. Such
an imaging biomarker could be helpful in under-
standing and predicting the discase evolution from
psonasis to PsA, which at the present time is not
fully understood.

METHODS

The study was camed out at two European
centres—at the Leeds Teaching Hospitals (UK) and
the University Hospital Department of Verona
(Ttaly). Ethics approval for the study was obtained
at both sites.

Patient groups and clinical assessment

One hundred consecutive patients (42 with psoria-
sis and 58 with PsA) and 23 healthy controls (HC)
were recruited. PsA patients were induded if they
fulfilled the CASPAR criteria’* Psoriasis patients

Ann Pbeum De 201372932-995. dox 301136/ ambeundis 2012- 201617
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were excluded if they had a current or previous history of arth-
ralgia, arthritis or enthesitis. The clinical assessment was per-
formed by one rheumatologist at each centre, who was blinded
to the ultrasound data. This assessment included the psoriasis
area and severity index (PASI), tender and swollen joint counts
(T)C, §]C) and the Leeds and SPARCC enthesitis indices in the
patients with PsA Patients receiving glucocorticoids and anti-
tumour necrosis factor therapies were excluded from the study,
those receiving disease-modifying antirheumatic drug therapy
were recruited if they had active skin or joint disease (inad-
equate responders).

Ultrasonography

Ultrasonography was performed by three rheumatologists fully
trained in musculoskeletal ultrasound and with a special inter-
est in scanning enthesitis (SZA and CCG in UK, IT in lealy).
Ultrasound was performed using a Logiq E9 machine (Ceneral
Electric, Wauwatosa, Wisconsin, USA) in the UK and a Logiq 5
machine (General Electric) in Italy, both with a linear probe at
6-15 MHz.

The lower limb entheses that have previously been described
in the GUESS scoring system (including Achilles, plantar fascia,
quadriceps, patellar tendon origins and insertions) were
scanned.” To enable blinding, patients were asked not to com-
municate with the sonographer about their disease during the
ultrasound assessment. The sonographer did not perform a
physical examination, therefore sites other than those involved
in the ultrasound scan were not seen by the sonographer. The
room was completely darkened starting from the beginning of
the ultrasound assessment. The light from the ultrasound
machine alone is not enough for the sonographer to see the skin
clearly. The patients were placed in a supine position to assess the
entheses around the knee. The knee was extended to assess the
presence of Doppler signal and semiflexed to 30° to assess
the grey-scale (GS) changes. They wer then asked to take a
prone position with the feet over the end of the examination
Table in a neutral position for visualisation of the entheses
around the heel.

The PD settings were standardised with a pulse repetition
frequency of 800 Hz, a colour-mode frequency of 9.1 MHz and
low wall filters. The colour gain was increased to the
maximum level not generating PD signals under the bony
cortex. All ultrasound assessments were performed using a
multiplanar scanning technique.

Ultrasound images interpretation

The GUESS scoring system was modified and the outcome
measures in rheumatology clinical trals definition of entheso-
pathy was used to interpret ultrasound images: ‘abnormally
hypoechoic (loss of normal fibrillar architecture) and/or thick-
ened tendon or ligament at its bony attachment (may occasion-
ally contain hyperechoic foci consistent with calcification),
seen in two perpendicular planes that may exhibit Doppler
signal and/or bony changes including enthesophytes, erosions,
or irregularity’ ® Bursal enlargement was also scored. The thick-
ness of the enthesis was measured at the level of insertions and
was evaluated on a quantitative basis. Normal values for each
insertion were accepted as reported in the literature’ and less
than 1 mm of increase exceeding the threshold was scored as
grade 1, 1 mm or greater but less than 2 mm of increase was
scored as grade 2 and 2 mm or greater was scored as grade
3. Erosions were also scored quantitatively by the maximum
diameter of the erosion (grade 1, >0 mm but <2 mm; grade 2,
22mm and <3mm; grade 3, 23mm). The rest of the

Ann Rheun Ois 2013;72:852-885. doi:10.1136/annrheumdis-2012-201617

assessments were scored on a semiquantitative basis (mild
changes grade 1, moderate grade 2 and severe grade 3).

It is now recognised that the enthesis represents an inte-
grated organ comprising the insertion (which is avascular in
health) and adjacent tendon, fibrocartilages and the immedi-
ately adjacent synovium when present.”” For the PD assess-
ment we therefore looked for PD signal in all the components
of the enthesis organ, including signals at the insertion and
inside the adjacent bursa, wherever these were present. It is not
possible to define the margins of the enthesis by ultrasound;
however, the entheseal vascularity was assessed when the
Doppler signal was close to the cortical bone.

Ultrasound findings were categorised according to the follow-
ing: GS changes related to inflammation (entheseal hypoecho-
genicity, thickening and bursal enlargement) were added up to
caleulate a ‘GS inflammation score’. PD scores were added up
to calculate a ‘Doppler inflammation score’. These two scores
created a ‘total inflammation score’.

The GS changes related to chronic findings (calcifications,
erosions and enthesophytes) were added up to caleulate a
‘chronicity score’. These scores were summated to give a total
ultrasound enthesopathy score.

Statistics

Data are expressed either as [requencies, means (5D) or
medians (range) according to the variability. The prevalence of
each individual lesion by ultrasound in patients with or
without arthritis was compared by using a ~ test. The Mann-
Whitney U test was used to compare ultrasound scores
between groups.

Correlations between clinical parameters (T]C, §]C, PASI and
disease duration) and ultrasound scores (separately for ultra-
sound scores related to inflammation, damage and total) were
analysed using the Pearson correlation test. Statistical analysis
was performed using SPSS V11.5.

To provide agreement between sonographers, all investigators
agreed on definitions and the scoring system before the study
both on saved images and while acquiring sample images.
Stored images from the first 21 patients included in the study
(total 1020 images) were scored by all three sonographers for
GS and PD for all entheses. Intraclass correlation coefficient
values were calculated for each pair of investigators and for all
types of ultrasound scores used for the purpose of this study.

RESULTS

Interobserver agreement on sonography scoring

A moderate to excellent agreement between both investigator
pairs was found for different scores: for GS inflammation the
intraclass correlation coefficient values were in the range
0.91-0.93 (95% CI 0.79 to 0.97), for PD inflammation 0.74-0.95
(95% CI 0.45 to 0.98), for chronidity scores 0.89-0.93 (95% CI
0.76 to 0.98) and for total ultrasound scores 0.92-0.95 (95%
Cl10.81 to 0.98).

Patient characteristics

Patients and HC were of similar age (463 years (15) wvs
52.2 years (11), respectively; p=NS) and body mass index (26.7
(19.3-42.4) vs 24.2 (21-31.8); p=0.08). The gender distribution
was also similar in both groups (43% female in the pscriasis
group and 52% in the HC). None of the patients with psoriasis
had clinical enthesitis compared to 51.7% of the patients with
PsA (30/58). In the PsA patients, the median TJC was 4 (0-20)
and the SJC was 4 (0-19). PASI scores were slightly lower in
the patients with PsA (3.3 (0-18)) compared to those with

983
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Tahle 1 Total number of ultrasound findings at all sites

HEC (230 Psoriasis (420 PsA (580

n (%) n (%) n (%) p Value*
Hypoechogenicity 29 (12.6) 105 (25) 208 (35.9) 0.0003
Thickening 69 (30) 162 (38.6) 250 (43.1) 0.15
PD 0(o) 2(04) 12 2.1) 0.05
Calcifications 22 (9.6) 17 (4.1) 57(9.8) 0.0005
Bursal 113} 5 (8.3) 77(13.3) 0.02
enlargement
PD inside the a (o) 3(07) 16 (2.8) 0.02
bursa
Enthesophytes 90 (39.1) 180 (42.9) 297 (51.2) 0.0m
Erosions 1(04) 12129 29 5) 0.1

*p Values are given for comparisons between groups with PsA and psoriasis.
HC, healthy control; PD, power Doppler; PsA, psoriatic arthritis.

psoriasis (4.3 (0-22); p=002). The groups had similar disease
durations (19.1 years (12.5) for PsA and 17.5 years (11) for psor-
iasis). In general, hypoechogenicity, thickening and entheso-
phytes were the most frequent ultrasound findings for each
site, whereas PD and erosions were relatively rare (table 1)
(Ggure 1). These findings are described in more detail below:

Soft tissue changes at insertions

As expected, patients with psoriasis (with or without arthritis)
had higher enthesitis scores related to inflammation than HC
(for inflammation p<0.0001, for total ultrasound scores
p<0.0001). The PsA patients had higher ultrasound scores than
both psoriasis patients without arthritis (for inflammation
p=0.04, for total ultrasound scores p=0.02) and HC (for
inflammation p<(0.0001, for total ultrasound scores p<0.0001)
(table 2). Certain findings including hypoechogenicity and
bursal enlargement were more frequent in PsA compared to
psoriasis (table 1).

PD evaluation

Doppler positivity in at least one entheseal site was observed
more frequently in PsA (21/58, 36.2%) than in psodasis (4/42,
9.5%; p=0.002). A Doppler signal was not seen in any HC.
The presence of Doppler positivity had a sensitivity of 36%
(95% CI 24% to 50%) and a specificity of 91% (95% CI 77% to
97%) with a positive likelihood ratio of 3.8 to discriminate PsA
and pscnasis. The most disaiminative site for PD positivity
was the retrocalcaneal bursa (seven PsA vs one psoriasis
patient). Furthermore, six patients had a PD signal at more
than one site and five of these patients had PsA.

Bone erosion and spur formation

Psorasis patients (with or without arthritis) had more chronic
changes compared with HC (p=0.02). The PsA patients had
higher chronicity scores than both patients with psoriasis
(p=0.02) and HC (p=0.003) (table 2). This may reflect previ-
ous episodes of inflammation. Calcification and enthesophytes
were also more frequent in the entheses of patients with PsA
compared to the psoriasis group, which may be in keeping
with previous inflaimmatory episodes with subsequent tissue
remodelling (table 1).

Clinical assessments and their association with ultrasound
findings

‘When patients with clinical enthesitis were excluded from the
PsA group, patients with arthritis still had higher PD entheso-
pathy scores than patients with psonasis (p=0.003), as well as
higher chronicity scores (p=0.01) (table 2).

The TJC (£#=0.21; p=0.03) and $JC (#=0.29; p=0.003) cor-
related to entheseal Doppler scores. Furthermore, the S]C corre-
lated to total ultrasound scores (r?=0.21; p=003). No link
between PASI and disease duration and ultrasound scores was
evident (data not given).

DISCUSSION

This study showed that the frequency of enthesis-related PD
change was significantly higher in PsA compared to psoriasis
even when only sites of asymptomatic enthesopathy were eval-
uated in PsA. Moreover, the frequency of subclinical enthesopa-
thy was significantly higher in PsA compared to psoriasis. The
results of this cross-sectional study suggest that there may be a
trend towards increased entheseal thickening with subsequent
vascular changes representing a step in the progression towards
PsA in psoriasis cases. This will require confirmation in a longi-
tudinal study.

It is noteworthy that abnormal patterns of vascularity have
been reported in psodatic arthritis synovium both by arthro-
scopic inspection and by histological assessment.'® 17 Likewise,
prominent vascular changes have been reported in skin disease
and at the nail matrix in psoriasis.’® !° Furthermore, normal
entheseal insertions are sites prone to microdamage and in the
course of physiological tissue repair at such sites prominent
histological evidence of vascular changes is seen even in healthy
individuals.®® In this study we found a high prevalence of
enthesophytes in the HC. Enthesophytes are not spedific to
enthesitis and may be related to mechanical forces. This
finding also reflects the high sensitivity of ultrasound to detect
these changes.

In this study, we found no entheseal PD signals in the HC
group. The majority of the literature supports the absence of

Figure 1

Examples of ultrasound findings on enthesitis in psonatic arthritis (A) and psonasis (B). (A) The origin of patellar tendon with moderate

thickening (white line), hypoechogenicity (*), a small enthesophyte (e), calcifications (c) and power Doppler signals inside the enthesis B. The
insertion of patellar tendon with moderate hypoechogenicity (*) and a large enthesophyte (e). This figure is only reproduced in colour in the online

version,

994

Ann Rheum Dis 2013,72:982-995. doi: 10.1136/annheumdis-2012-201617

109



Downloaded from ard bmj com on May &, 2014 - Published by group bmj com

Clinical and epidemiological research

Table 2 Ultrasound scores for enthesitis

Uhtrasound findings related to inflammation

GS score PD score Total inflammation score Chronicity score Total ultrasound score
HE (n=13) 4(0-15) 0 (0-0) 4 (0-15) 6 (1-22) 10 (3-36)
Psoriasis (n=42) 9.5 (0-30) 0{0-3) 9.5 (0-30) § (0-25) 16 (0-55)
PsA (n=58] 115 (1-44) 0(0-7) 13 (1-46) 10 (2-29) 215 (4-69)
PsA [symptomatic enthesitis excluded) 12 (2-44) 0{0-4) 125 (2-46) 10 (2-24) 23 (4-89)
(n=28)
Numbers are given as median ({range).
GS, grey-scale; HC, healthy control; PD, power Doppler; PsA, psoriatic arthritis.
ultrasound-detectable blood flow in normal individuals?®! PD 4. MeGonagle D, Ash Z, Dickie L, e al. The early phase of psoniatic arthritis. Ann
changes have been reported in a few cases.”? This raises the pos- fifeun Dis 2011, 70(Sunpl. 1)71-6.
e ﬁtgas sy P ol e e s altha‘f L5 Wakefield RJ, Eaint P\ Sakudarei M, f ol Muscloskell uisound nciing
IDLLy. g Loppet Sigl it Lary cagnosis, 8 definitions for ul hic patholagy. . Al 2005;32:2485-7.
this would need to be demonstrated in prospective trials. 6. Karosaka D, Hiai K, Nishioka M, et al. Clinice! sigificance of serum levels of
This study was performed in two different European popula- vascular endothefial growth factor angiopoietin-1, and angiopoietin-2 in patients
tions by different sonographers, which raises issues about its with heumatoid athitis. J fheumatol 2010,37:1121-8. -
reliability and general applicability. However, both study popu- T Namdo £, Malee|, G A ot o Poter Doprier msmograpfic maitoiig o
It echibitad dshtizal trends 16 Dacams of AReaee 1esponse to anti-umor necrosis factor therapy in patients with rheumatoid arthritis.
atong P - Arttrits Rheurn 2008;58: 2248-56.
Likewise, the sonographers met and agreed on standard sono- 8. Aydin SZ, Karadag 0, Filppucci E, er &, Monitaring Achilles enthesitis in ankylosing
graphic criteria for enthesitis and the interobserver agreement spondylitis during TNF-alpha antaganist therapy: an ltrasound study. Rheumatology
was quite high (Oxford) 2010;49:576-82
Taken t th th findi eed ioihe lied i 9. Hammer H, Kvien T Ulir: hy shows signifi p in wrist and
ARCILLOEEhED Ehese MOIngRnQAEne Lorheapplion (g ankle tenosynavitis in theumatoid arthiitis patients reated with adalimumab. Scand
large inception cohort of psoriasis patients to ascertain J Rheumatol 2011:40:178-82.
whether they define the subgroup that will be likely to evolve 10.  Foumie B, Margarit-Coll N, Champetier de Ribes TL, et al. Exrasynovial ultrasound
into PsA in the following months and years. In that regard, we m’"ﬁ'”ﬁ n SZ_F;D}PT% ﬁ"l;eaf hg”";ﬁ“gzg*ﬁgwﬂmﬂﬂer study
a = wersus rheumatol nis. Jomnt Sone [ R =31,
haxﬁi;eviouﬂi’l “k? ."itr?mund t show a bigh &Eq.”e“cy.olf 11 Gutierrez M, Fiippucei E, De Angels R, et . Subelinical snthessal imolvement in
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5.4.2.1. PATIENTS AND METHODS

This part of the Thesis work is a single-centre, single time-point observational study
of long term follow up of patients presenting with an early oligoarthritis (disease
duration <12 months) from two historical cohorts of the Leeds Early Arthritis Clinic
EAC. In the first study, subjects were treated with a protocol of intra-articular steroid
injections into all clinically involved joints. In the second, subjects were randomized
into an early intervention group with intra-articular steroid injections into all synovitic
followed by DMARDs therapy with sulfasalazine or initial treatment with NSAIDs

followed by intensive treatment on the second group.

For the present report, subjects were identified through clinical records and were

invited through letter to either attend for a single study visit or a telephone consult.

Patients who did not respond to this first invitation were then contacted by telephone
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and invited to answer a short questionnaire. Data collected included demographic
variables. Investigations such as CRP or radiography (sacro-iliac joints/lumbar spine or
any relevant joints) were only performed in attenders in case of clinical need or to
clarify the diagnosis when applying the ASAS criteria for classification of axial
spondyloarthritis, modified New York criteria for AS, CASPAR criteria for PSA or the
new ACR RA criteria. All patients signed informed consent and the study had the

approval of the local ethics committee.

5.4.2.1.1. Outcome measures and statistics

Predictors of outcome recorded include the HLA-B27 status (positive or
negative), early intervention therapy with steroid injections and/or SSZ, number of
swollen joints at the onset of the disease, disease duration from symptom onset and
baseline RF. Anti-CCP status was recorded at follow-up as this test was not available at

time of study design. Variables were analysed in a descriptive manner.
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Research Article

Long term follow up of an early oligoarthritis
cohort shows that early aggressive intervention
leads to drug free remission after 10 years: results

from the LoTO study

Objective: To report the long-term outcome in the long-term follow up of the Leeds Early Oligoarthritis
Cohort.

Methods: Cross-sectional follow up of patients who participated in two previous interventional
studies. Subjects were invited to either attend for a single study visit or a telephone consults.
Presence/absence of any musculoskeletal symptoms and current diagnosis was recorded. Blood
tests for inflammatory markers and radiographs of SUs or any relevant joints were performed only if
clinically indicated to establish a diagnosis if persistent clinical symptoms.

Results: Follow up data were available from 63.3% (n=74 patients) of the initial cohort (n=117 patients)
[mean SD disease duration at presentation 11.8 + 1.8 months; disease duration at follow up: 13 =
3 years]. Of these 74 patients, 63.51% (n=47) had persistent arthritis since the end of the previous
studies (19.5% were RF positive; 33.3% anti-CCP positive and 32.4% HLA-B27 positive). The majority
(75%) had received joint steroid injections sulfasalazine on the original study protocols. Oligoarthritis
was still the predominant articular pattern in 68% of the patients at follow up and over a third of
patients (36.5%) were in clinical remission (4% and 17.4% RF and HLA-B27 positive respectively).
Conclusion: Ten-year follow up of an early oligoarthritis cohort shows that over a third of patients

attending for review are in drug free dlinical remission.

Keywords: long-term « follow-up « early spondyloarthritis « intervention

Introduction

Oligoarthritis is an inflammatory arthritis
affecting <4 joints [1,2]. It represents either an
early clinical presentation or a unique disease
phenotype within the conditions collectively
termed the seronegative spondyloarthropathies
(SpA). Oligoarthritis typically affects young
people causing high morbidity [3-5] and it may
have a variable outcome although long term
follow up dara are sparse [5-8].

The majority of published studies have
only reported on short/middle term outcomes.
Some reports have described as many as 75% of
patients with ReA having persistent disease at 6
months [6], whereas other cohort studies have
suggested rates of persistence as low as 15% [5].
In our first study, at 12 months of follow up,
51% of patients satisfied criteria for complete
response (absence of synovitis) [1]. In the second
study, at 12 months, up to 81% of the patients

Int. J. Clin. Rheumatol. (2017) 12(2), 012-015

in the early intervention group had no clinical
evidence of synovitis compared with 57% of
the patients in the conservative group [2]. Both
reports indicated a significant benefit from an
early intervention protocol in the short term,
with better results in the second study, suggesting
thar this may have been due to the early use of
sulphasalazine (S8Z) as a DMARD.

In the current report we aim to assess the
long term follow up of these parients, we were
interested in particular, to assess the prognostic
role of biomarkers such as HLA-B27 and RF.

Methods
Study design

This is a single-centre, single time-point
observational study of long term follow up of
patients presenting with an early oligoarthritis
(disease duration <12 months) from two
historical cohorts of the Leeds Early Arthrits
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Clinic EAC[1,2]. In the first study, subjects were
treated with a protocol of intra-articular steroid
injections into all clinically involved joints [1].
In the sccond, subjects were randomized into
an carly intervention group with intra-articular
steroid injections into all synovitic followed by
DMARD:s therapy with sulfasalazine or initial
treatment with NSAIDs followed by intensive
trcatment on the sccond group [2].

For the present report, subjects  were
identificd through clinical records and were
invited through letter to cither attend for a single
study visit or a telephone consults. Patients who
did not respond to this first invitation were then
contacted by tclephone and invited to answer
a short questionnaire. Data collected included
demographic variables. Investigations such as
CRP or radiography (sacro-iliac joints/lumbar
spinc or any rclevant joints) were only performed
in attenders in casc of clinical need or to clarify
the diagnosis when applying the ASAS criteria
for classification of axial spondyloarthritis
[9], modified New York critcria for AS [10],
CASPAR criteria for Psoriatic Arthritis [11]
or the new ACR RA criteria [12]. All paticnts
signed informed consent and the study had the

approval of the local cthics committec.
Outcome measures and statistics

Predictors of outcome recorded include the
HLA-B27 status (positive or ncgative), carly
intervention therapy with steroid injections and/
or SSZ, number of swollen joints at the onsct of
the discase, discasc duration from symptom onsct
and bascline RF. Anti-CCP status was recorded
at follow-up as this test was not available at time
of study design. Variables were analyzed in a

descriptive manner.
Results

The original cohort comprised of a total of 117
paticnts, of whom 5 were deccased. A total of 112
paticnts were contacted, of whom 63.3% (n=74)
[56.76% (n=42) malc: 43.24% (n=32) femalc;
mcan + SD discasc duration at presentation was
11.8 + 1.8 months; with a discasc duration of 13
+ 3 ycars at follow up] consented to for follow
up. Of these 112 patients contacted, 19.64%
(n=22) attendcd for a hospital review visit; 25%
(n=28) werc assessed via telephone consult and
21.45% (n=24) had data extracted from the
clinical notes. A total of 37 patients could not
be reached cither by letter or by telephone. Only
onc of the patients contacted declined consent

to participate in the study. Analysis of the 74

attenders showed that 63.51% (n=47) of the
paticnts had had persistent arthritis since the
end of the initial studies (19.5% RF positive;
33.3% anti-CCP positive and 32.4% HLA-B27
positive at follow up). The majority (75%) had
received joint steroid injections + SSZ on the
initial study protocols. Only 19% had a mono-
articular presentation. The majority of paticnts
(82%) had an oligo-articular pattern at discasc
presentation and this was maintained over time
in 68%. Fiftcen percent (15%) had cvolved into a
mixed phenotype with axial and peripheral joint
involvement. Total resolution of symptoms was
documented in 36.5% of paticnts (4% and
17.4% RF and HLA-B27 positive respectively)
who had remained asymptomatic in this time
with no hospital follow up. The majority of
these (57.7%) had an oligo-articular pattern at
initial prescntation and 42.3% presented with
a mono-arthritis. Sixty five percent and 5.40%
had reccived joint steroid injections or SSZ
respectively in the previous studics. Eight out
of ten who was RF positive at basclinc cvolved
into polyarthritis (TABLE 1). The distribution
of diagnosis continucd to change from the
time of the first cvaluation at the two previous
studics throughout the obscrvation period
(FIGURE 1). Regression analysis to cvaluate
predictors of outcome was not possible duc to
the low paticnt numbers.

Discussion

Oligoarthritis is a common condition
with a variable outcome that typically affects
young people and can lead to high morbidity.
However long term follow up data arc sparse
[13-15]). Our original rcports [1,2] showed that
prompt intervention in carly oligoarthritis led to
significant improvements in clinical outcomes
when compared to a more conscrvative approach
using NSAIDs. The aim of the current project
was to report on the long-term outcome of an
inception cohort of paticnts, with carly onsct of
oligoarthritis to identify prognostic factors.

Our results show that up to 65.4% and 5.40%
of the paticnts that remained asymptomatic at
follow up had reccived joint steroid injections or
SSZ respectively in the previous studics, but when
we comparc this to paticnts who had persistent
arthritis over the years there is no statistically
significant difference. One explanation for this
could be the small numbers of paticnts followed
up. We bclieve that the rcal percentage of
paticnts in remission among this group could

be much higher than the 36% found, and that

13
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Long term follow up of an early oligoarthritis cohort Case Report

Table 1. Previous and current diagnosis of the 74 attenders. IBD: Inflammatory bowel disease; “OA: Osteoarthrtitis; ~'LE:

Lupus erythematosus.

Previous diagnosis No. of patients Current diagnosis No. of patients
Undiferentiatied Oligoarthritis . . ..
(monoarthritis) 37(20) Persistent Oligoarthritis 17
Reactive arthritis 12 Reactive arthritis 10
Psoriatic arthritis 7 Psoriatic arthritis 13
Sarcoid arthritis 1 Sarcoid arthritis 2
Gout 3 Gout 4
Peripheral and axial Spondyloarthritis 0 Peripheral and axial Spondyloarthritis 2
Rheumatoid Arthritis 8 Rheumatoid Arthritis 13
‘IBD associated to arthritis 1 IBD associated to arthritis 1
Fibromyalgia 1 Fibromyalgia 1
“0A 2 “0A 5
Mechanical problem 2 - -
- - B | 1
- - No Rheumatology Diagnosis at follow up 5
Proviows studiss LoTO srudy
P
Oligeastiritin b eguine
W neguims
:
[ — ' Prrsac Arbres
ponmipor .
[— ’
- ?
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Figure 1. Distribution of diagnosis at the end of original studies and at the final follow up visit. RF: Rheumatoid
factor; RA: Rheumatoid arthritis; ReA: Reactive arthritis; I1BD: Inflammatory bowell disease related to arthritis; OA:
Osteoarthritis; LE: Lupus erythematosus.
this may be the rcason why subjects have not Only a few studics have reported long-term
remained under follow up. This is an important  outcome in uSpA or oligoarthritis for prognostic
limitation of our study but common with follow  factors. Sampaio-Barros ct al. [13], published
up of longitudinal cohorts. A substantial number  data on 5 to 10 ycars follow up for 105 and 42
of subjects from our initial cohort were young  uSpA patients respectively with a mean discase
adults attending university who represent a duration at onsct of 5 years. Huerta-Sil, ct al.
highly mobile group and we were unable to track  [14] reported the findings in 50 patients with
them down after the years. peripheral arthritis and inflammatory back pain
14
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with discasc duration of 5.4 ycars after 3-5 years.
In Kumar's long term follow up (11 ycars) study
[15], 22 paticnts, all of them with inflammatory

PRI

intraarticular cc

1 by sulfasalazi

I boind

versus conscrvative

in carly olig
Arthritis. Rheum. 57(1), 154—160 (2007)

back pain and a high proportion of periphcral 3. Kvien TK, Glennas A, Melby K ef al. Reactive arthriis:
arthritis, had mcan discase duration at onset SN, RPN A il chult pRessmntion.
3 Rhbeumatol. 21(1), 115-122 (1994).
of 8 months. In a recent multicentre cohort 4 ParkerJD, Capell HA.An i
study [16] 440 children with juvenile idiopathic ™ WA s s e
ience. Br. J. Rheumatol 25(3), 293-295
arthritis were followed for up to 7 years after {S;prmma ) —

s ogins [y uogpustionm; the L“dsb Cohort . PTYD. Spondyloarthropathies. In: Kelly WNHE,

repiscniy;a unique  inccption group:hy: virtne Rddy S, Sledge CB (eds.) Philadelphia: WB Saunders

of its very short symptom duration at the time (1993).

of clllnlcal presentation which was of 10 wecks Egsmose C. Hansen TM, Anderen LS e al Limited

(median) on the first study [1] and 16 wecks effect of sulphasal RN 1177 |

in the second study [2]. In addition, follow up randomised double blind placcbo controlled trial. Ann.

averaged 14 years in some cascs, which makes Rhewm. Dis. 56(1), 32-36 (1997).

this the largest long term study of paticnts 7. Glennas A, Kvien TK, Melby K et al. Acute sarcoid

presenting with oligoanhritis. arthritis: occurrence, seasonal onsct, clinical features

and outcome. Br. [. Rheumatol. 34(1), 45-50 (1995).

Another limitation of our study comes from & b A Waaghag seacsos st My
the fact that only 29.73% of the 74 paticnts (Osford). 39(2)' 117-119 (2000).
attended for a hospital visit with the majority

5 4 9. Rudwalcit M, van dcr Heijde D, Landewe R er al.
fecling there was no need for it as they were Thc L TS T
completely asymptomatic. Indeed, 27 patients I'Soucly ifi criteria for axial
(36.49%) were assessed via telephone consult dyloarthritis (part II): validation and final
aid. i the remaining (32.43%) data were sclcaion Ann. Rheum. Dis. 68(6), 777-783 (2009).
collected from clinical notes as these were still  10. van der Linden S, Valkenburg HA, Cats A. Eval
rcgu]” hospiul attenders. of diagnostic criteria for ankylosing spondylitis. A

proposal for modification of the New York criteria.

In conclusion, ten-year follow up of an carly Arthrit. Rheum. 27(4), 361-368 (1984).
oligoarthritis cohort shows that over a third of ;. Taylor W, Gladman D, Helliwell P ¢ al. Classification
paticnts attending for review arc in drug frec criteria for psoriatic arthritis: development of new
clinical remission. The majority had received cl;i(elia from a large international study. Arthriz. Rbeum.
joint steroid injections + SSZ carly on in their 05003 C0N0).
discasc onsct. Thesc results can throw important  12. Mjih‘ D, Neogi T, Silman AJ “A al. 2010 é:““m’m:_d
. . . . B e criteria: an cge ol
insights into the pathogctlﬁls of this co.nc.llt-lon Rl rEammirmt St Mo
and provldc uscful g\.udancc for clinicians collaborative initiative. Ann. Rheum. Dis. 69(9), 1580—
managing thesc paticnts. 1588 (2010).
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6. GLOBAL RESULTS

6.1. MRI in the assessment of axial Psoriatic Arthritis and

Spondyloarthritis

In this part of the Thesis work we performed a cross-sectional audit of MRI
scans of lumbar spine (L-spine) and sacroiliac (SI) joints. Using the semiquantitative
Leeds Scoring System in which bone marrow oedema is graded from 0 to 3 according to
severity of the lesions, MRI scans were scored independently by 2 expert readers who
were blinded to the clinical characteristics of the patients. Concordant data from the 2

readers were used to report on definite lesions.

e Results:

MRIs from 76 patients with comparable age ranges were categorized into 3
groups: those from PsA patients, those from patients with non-radiographic axial SpA,
and those from AS patients. HLA—-B27 positivity was similar in PsA patients (10 of 33)
and patients with non-radiographic axial SpA (10 of 24) and higher in AS patients (18
of 19). Total MRI scores (L-spine plus SI joints) were higher in AS patients than in PsA
patients (P = 0.025) or in patients with non-radiographic axial SpA (P = 0.007). A
relationship was seen between the severity and extent of disease and HLA-B27
positivity in PsA patients, which was comparable to that in AS patients. HLA-B27
negative PsA patients had lower MRI scores than HLA—B27 positive PsA patients (P =
0.03) and AS patients (P = 0.006), whereas scores were similar in HLA-B27—positive
PsA patients and AS patients. Similarly, MRI scores of HLA-B27—negative patients

with non-radiographic axial SpA were lower than those of AS patients (P = 0.01).
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Figure 23  Comparison of total numbers of inflammatory (bone marrow oedema) lesions on MRI of the
lumbar spine and sacroiliac joint (SI1J) between patients with PsA, patients with AS, and patients with non-
radiographic axial Sp) in relation with HLA.B27 status (negative or positive):

Data are shown as box plots

Each box represents the 25th to 75th percentiles

Lines inside the boxes represent the median

Lines outside the boxes represents the 10th and the 90th percentiles
Circles and asterisks indicates outliers

6.2. US in Spondyloarthritis and Psoriatic Arthritis

6.2.1. Ultrasonography of the Achilles enthesis bursa in early

Spondyloarthritis

6.2.1.1. The importance of the bursa in spondyloarthritis:

Achilles enthesis US in early Spondyloarthritis

This part of the Thesis work is a transversal blind and controlled two-

dimensional (2D) and three-dimensional (3D) US study of Achilles enthesis bursa in
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early SpA. Clinical outcome measures were collected.

e Results:

Bilateral Achilles enthesis of 66 early SpA patients (34 women) and 46 control
patients (23 asymptomatic healthy subjects and 23 rheumatoid arthritis [RA] patients)
were analysed. Mean BASDAI, BASFI and BASRI-spine were 4.55+£2.08, 2.16+1.95
and 0.65+0.77, respectively. Mean erythrocyte sedimentation rate (ESR) was
10.93+12.35 mm/h and C-reactive protein (CRP) was 6.46+10.09 mg/l. The « -values
for intra-reader agreement for 2D and 3D images and bursa measurement were 0.82 and
0.98, respectively. Bursas were visualised in 89/132 SpA enthesis (67.4%) vs. 27/46
enthesis (58.7%) of healthy controls (p<0.01), and 10/46 enthesis (21.7%) of RA
controls (p<0.01). When the thicknesses of the bursas were analysed, the SpA group
had a mean of 1.52+1.47 mm versus 0.76+0.76 mm in the healthy control group
(p<0.0001), and 0.38+0.62 mm in the RA control group (p<0.0001). A positive
likelihood ratio of 4.6 with a cut-off point of bursa >2 was found. No Doppler signal
was detected in controls, but 6.6% of SpA Achilles enthesis had Doppler bursitis. Heel
pain was more frequent when bursa was present (p<0.05). When Doppler was present,
male predominance, HLA B27 positive, heel pain, and higher number of swollen joints,
CRP levels, disease activity by the patient and BASDAI questions 2 and 3 achieved

statistical significance (p<0.01).

6.2.1.2. Achilles enthesis US as an outcome measure of disease

activity in early Spondyloarthritis

This part of the Thesis work is a longitudinal Achilles enthesis US study in
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patients with early SpA. Achilles US examinations were performed at baseline, 6 and 12

months and compared with clinical outcome measures collected at the baseline visit.

e Results:

Bilateral Achilles enthesis of 146 early SpA patients (68 women) were analysed.
Basal mean BASFI, BASRI-spine, BASDAI and ASDAS were 2.44 (S.D. 2.05, range
0-8), 0.67 (S.D. 0.74, range 0-3), 4.60 (S.D. 2.07, range 0-9.5) and 2.51 (S.D. 1.16,
range 0-5), respectively. The mean ESR was 15.0 mm/h (S.D. 16.99, range 0-109) and
the mean CRP was 8.67 mg/l (S.D. 16.98, range 1-90). At baseline, the Achilles
Doppler signal and US structure alteration were significantly associated with higher
CRP and ESR levels. Patients who had very high disease activity at baseline, as
assessed by the ASDAS (>3.5), had a significantly higher Achilles total US score at
baseline (P = 0.04), and ASDAS <1.3 predicted no Doppler signal at 6 and 12 months.
Overall, the Achilles total US score was significantly higher in patients with higher
levels of CRP (baseline P = 0.04, 6 months P = 0.006, 12 months P = 0.03) and ESR
(baseline P = 0.02, 6 months P = 0.04, 12 months P = 0.005) at baseline. The Doppler

signal at the baseline visit predicted a higher total US score at 6 and 12 months.

6.2.2. Ultrasonography of the Sacroiliac joints in Spondyloarthritis

This was a cross-sectional, blinded, case-control study of 108 cases divided into
three groups: a) 53 SpA patients with inflammatory back pain (IBP); b) 28 SpA patients
with no IBP; and c¢) 27 healthy mechanical lumbar pain subjects. Physical examinations
of the SIJs were assessed as positive or negative in each SIJ and were used as the gold

standard. SIJs were examined with CDUS and spectral Doppler, and the SIJs were
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assessed as positive when both colour Doppler and the RI were less than the cut-off

point within the SIJs area.

e Results:

A total of 108 cases (53 female; mean age 36 10 years old) were studied. The
physical examination of the SIJs was positive in 38 patients (59 SIJs). Ultrasound
detected Doppler signal within the SIJs in 37 cases (58 SIJs): 33 of them had
symptomatic SpA (52 SlJs), 3 of them had asymptomatic SpA (5 SIJs), and 1 was a
healthy control (1 SIJ). The accuracy of CDUS, when compared to physical SIJ
examination, at the patient level in the overall group had a sensitivity of 70.3%, a
specificity of 85.7%, a positive likelihood ratio of 4.9 and a negative likelihood ratio of
0.36. For the spectral Doppler RI, with an optimal cut-off point < 0.75, the sensitivity

was 76.2%, and the specificity was 77.8%.

6.2.3. Ultrasonography of the Nail and extensor tendon enthesis

In this part of the Thesis work 86 psoriatic patients (169 nails) and 20 HC (40
nails) were assessed with both the mNAPSI and US. The thickness of the nail plate, nail
matrix region and adjacent extensor tendon were assessed and compared with physical

examination findings.

e Results:
A good agreement between clinical and sonographic nail findings was noted
(kappa value = 0.52, p<0.0001). Entheseal thickening of the extensor tendon on US was

more frequent in patients with clinical nail disease compared to patients without clinical
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nail disease in both psoriasis and psoriatic arthritis (38 vs. 16%, p = 0.03, and 47 vs.
19%, p = 0.008, respectively). Nail thickness, nail matrix and adjacent skin thickness

were higher in psoriatic patients compared to HC.

6.3. OCT and US in the assessment of nail disease in Psoriasis

and Psoriatic Arthritis

In this part of the Thesis work we compared OCT and US for nail disease
assessment in 18 patients with psoriatic disease, with at least one involved nail and 12
healthy controls were scanned using OCT; psoriatic patients also had an US scan (using
a linear probe at 9-14 MHz). Nail and contour abnormalities were documented. Clinical
onychopathy was scored independently using the modified Nail Psoriasis Severity

Index.

e Results:

Among 180 nails, 67.8% had clinical findings whereas 33.9% were abnormal by
US and 44.4% had abnormalities on OCT. A positive OCT had a sensitivity and
specificity of 44.4 and 95.8%, respectively, with a positive likelihood ratio of 10.7 for
nail disease. OCT demonstrated 76.3% absolute agreement compared with clinical
assessment and 65% with US. OCT detected subtle abnormalities in 12 clinically
normal nails and in 41 nails with normal US findings. Conclusion: These findings show
that OCT has a potential for the systematic characterisation of psoriatic nail changes and

could be useful in diagnosis and more objective assessment of treatment response.
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6.4. Predictive factors in Psoriatic Arthritis and

Spondyloarthritis

6.4.1. The link between enthesitis and arthritis in psoriatic: a
switch to a vascular phenotype at insertions may play a

role in arthritis development

In this part of the Thesis work US with PD was used to test the hypothesis that
subclinical enthesopathy in PsA was associated with an ‘inflammatory’ or vascular
phenotype compared to that seen in psoriasis. 100 patients with a mean age of 46.3
years (SD 15) (42 with psoriasis and 58 with PsA) and 23 matched healthy controls
(HC) from two centres were included. 1230 lower limb entheses were scanned by
ultrasonographers blinded to clinical details. Both inflammatory and chronic features of

enthesopathy were scored.

e Results:

Psoriasis patients (with or without arthritis) were more likely to express a
vascular phenotype, with higher inflammation-related enthesopathy scores than HC (for
inflammation p<0.0001, for chronicity p=0.02, for total US scores p<0.0001). The PsA
patients had higher ultrasound enthesopathy scores than psoriasis patients
(inflammation p=0.04, chronicity p=0.02) and HC (inflammation p<0.0001, chronicity
p=0.003). When symptomatic entheses were excluded, PsA patients still had higher PD
scores than psoriasis patients ( p=0.003). Doppler positivity in at least one entheseal site

was observed more frequently in PsA (21/58, 36.2%) versus psoriasis (4/42, 9.5%;
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p=0.002).

6.4.2. Long Term follow up of an early oligoarthritis cohort
shows that early aggressive intervention leads to drug free

remission after 10 years: results from the LoTO study

This part of the Thesis work is a cross-sectional follow up of patients who
participated in two previous interventional studies. Subjects were invited to either attend
for a single study visit or a telephone consult. Presence/absence of any musculoskeletal
symptoms and current diagnosis was recorded. Blood tests for inflammatory markers
and radiographs of SIJs or any relevant joints were performed only if clinically
indicated to establish a diagnosis

if persistent clinical symptoms.

e Results:

Follow up data were available from 63.3% (n=74 patients) of the initial cohort
(n=117 patients) [mean + SD disease duration at presentation 11.8 &+ 1.8 months; disease
duration at follow up: 13 * 3 years]. Of these 74 patients, 63.51 % (n=47) had persistent
arthritis since the end of the previous studies (19.5 % were RF positive; 33.3 % anti-
CCP positive and 32.4% HLA-B27 positive). The majority (75%) had received joint
steroid injections * sulfasalazine on the original study protocols. Oligoarthritis was still
the predominant articular pattern in 68% of the patients at follow up and over a third of
patients (36.5 %) were in clinical remission (4 % and 17.4 % RF and HLA-B27 positive

respectively).
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7.  DISCUSSION

7.1. Relation of HLA B27 status with extent of disease in MRI

assessment of axial Psoriatic Arthritis

In this part of the Thesis work we investigated the role of the HLA-B27 gene on
the MRI phenotypes in PsA and axial SpA including AS. Our findings confirm that the
HLA-B27 gene has a major effect on both the severity of axial lesions and the number
of different distinct lesions. In accordance with previous studies, we have shown that
the majority of patients with axial PsA and non-radiographic axial SpA are HLA-B27
negative (99). In addition, we show that HLA—B27—positive axial PsA and AS have the
same pattern of bone marrow oedema. Conversely, HLA-B27-negative axial disease
including PsA has a much lower extent of bone marrow oedema. Collectively, these
findings support the concept of the key role of the HLA-B27 gene as a determinant of

the extent of osteitis in SpA.

These findings have important implications for understanding SpA. There is
now a link established between MRI-determined bone marrow oedema and subsequent
disease progression at diseased segments. Given that symptomatic PsA has less bone
marrow oedema, it might be expected that there is less diffuse spinal disease. Indeed,
historical radiographic imaging studies have shown asymmetric, less severe disease in
PsA compared to classic AS, but the studies in question did not note the HLA-B27
status (2). It is interesting to note that AS, psoriasis, and PsA are all class I major

histocompatibility complex—associated diseases. In the case of psoriasis, the HLA—
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Cw0602 gene is a severity factor for the extent of skin disease but does not appear to be
linked to the joint disease. It seems that HLA-B27 is a marker for the extent of bone
marrow oedema in SpA irrespective of the presence of skin psoriasis. Just as T cells
appear to be associated with the dissemination of disease in HLA-Cw0602—positive
skin psoriasis, T cells may be associated with the development of disease at different
bony sites. This hypothesis has never been tested, and the role of the affected bone in
SpA and the basis for disease in relation to HLA-B27 have not been evaluated at this

site.

These findings also have a practical aspect for consideration. The majority of
PsA patients who were HLA-B27 negative were reported as having a normal MRI scan.
This may reflect the fact that MRI may be insensitive at picking up subtle soft tissue
changes at entheses (100). Our study has some limitations. First, this is a retrospective
audit of MRI scans requested in daily clinical practice, and data on clinical outcomes
such as the Bath Ankylosing Spondylitis Disease Activity Index (101) or Ankylosing
Spondylitis Disease Activity Score (102) were not systematically collected to allow for
a correlation with clinical symptoms. Previous studies on early inflammatory back pain
have shown a higher level of disease activity as shown by clinical outcomes in patients
with psoriasis (99), suggesting a possible role of psoriasis as an independent contributor

to disease activity.

Taken together, these results suggest a role for HLA-B27 and psoriasis as partly
independent contributors to inflammation and disease activity in axial PsA. Second, the
sample size was small, which represents an important limitation to conducting a

multivariate analysis of the data. Third, only the lumbar portion of the spine in addition
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to the SI joints was imaged as opposed to the whole spine. Ideally, the whole spine
should have been imaged to allow for the assessment of cervical and thoracic sites
where a significant proportion of lesions may have been missed. Further, we have
looked at inflammatory bone lesions only as represented by bone marrow oedema, but a
“positive” MRI result reflecting disease may need to incorporate other features of

structural change such as fatty degeneration, sclerosis, or erosions.

The presence of structural lesions in the absence of inflammation would help us
to understand why axial PsA is indeed more asymptomatic than AS and can go largely
undiagnosed. Larger, prospective MRI studies of the whole spine with associated

genotypes are needed to confirm these results.

7.2. US in Spondyloarthritis and Psoriatic Arthritis
7.2.1. Ultrasonography of the Achilles bursa in patients with
early Spondyloarthritis

7.2.1.1. US of the bursa-synovial of the Achilles enthesis in early SpA

The purpose of this part of the Thesis work was to determine whether the US
recognition of bursa affectation on enthesis could be relevant as elemental lesion in the
concept of entheseal damage and enthesitis definition in SpA. While the link between
enthesitis and osteitis in SpA has been clarified in recent studies that demonstrate a
close functional integration of the enthesis with the neighbouring bone (11), the
connection between enthesitis and bursal-synovitis remains a subject of debate (12).
OMERACT’s enthesopathy definition does not include bursa affectation as previously

mentioned in the introduction. The quality of diagnostic tests used for the care of
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patients is not judged only by their analytical characteristics, but mainly for their ability

to distinguish between alternative states of health.

For the bursa US to be used in routine medical practice, this diagnostic test must
reduce uncertainty towards a specific diagnosis and contributes to accurate therapeutic

decision making.

Our study tries to assess the prevalence and relevance of the bursa-synovial
lesion in SpA using the Achilles enthesis as a model. In this sense, similar to previous
data, our findings demonstrate that retrocalcaneal bursa can be detectable by US in
normal subjects (30, 103). However, this study shows a significant increase of Achilles
bursa presence and thickness in SpA patients compared to controls (healthy/mechanical
controls and RA controls). Furthermore, when bursa’s thickness was measured, our

results showed an increase in SpA patients with statistical significant differences.

A cut-off point of bursa >2mm had a positive likelihood ratio of 4.6 in front of
healthy/mechanical subjects. A likelihood ratio between 2 and 5 generates small, but
sometimes important changes in probability. A striking finding is the relatively low
prevalence and thickness of bursa in RA control group (21.7% in RA control group
versus 58.7% in healthy controls; p <0.01). This control population was composed by
RA patients all treated with disease modifying anti-rheumatic drugs without advanced
deformities, and low disease activity. Another possible explanation could be bursa

presence of mechanical origin in healthy control population related with overuse.

In agreement with what has been shown by other authors, the presence of
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Doppler signal seems to have a high significance in the correct classification of SpA
patients (14, 24, 35, 36). In our study, Doppler signal is associated with other clinical
measures accepted for assessment of SpA disease activity (C-reactive protein, heel pain,
patient VAS for pain and global disease activity evaluation, number of swollen joints
and BASDAI 3), but not with axial question of BASDAI, it even had a negative
association with spine pain (BASDALI 2). The association with the number of swollen
joints, BASDAI 3 and C-reactive protein is in agreement with the idea that bursal-
synovial specific factors could trigger innate immune responses and may be pivotal
players in the phenotypic expression of SpA, as suggested by the synovio-entheseal
complex concept proposed by McGonagle et al. (12, 27, 28). In this sense, and
supporting the idea of the importance of the participation of the synovial bursal tissue in
enthesis damage, previous reported data have demonstrated that erosions typically occur
in the bursal proximal portion of the enthesis in SpA patients, possibly establishing a

link between these lesions (13, 104).

Additionally, a longitudinal study of patients treated with TNF-alpha blocking
agents demonstrated that the only elemental lesions that achieved a significant reduction
after the treatment were entheseal hypoechogenicity and/or thickening, bursa and
Doppler signal (88, 105). This reinforces the possible importance of the introduction of
these elementary lesions in future scoring systems for activity, damage, or follow-up

purposes.

A limitation of this study was the low number of patients and controls

weakening the statistical power of our results. Another limitation is the low sensitivity

of bursa in grey scale, which reduces the value of bursa in enthesis US examination, but
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this is not different from other elemental lesions included in enthesopathy definition
such as thickness that had less contribution (36). Probably no one lesion, as bursa
presence, but the combination of entheseal lesions improve the knowledge of the SpA

enthesis pathological process.

The Doppler presence seems to have a high diagnostic value for SpA, but has
the limitation of its low prevalence. One possible explanation for the low prevalence of
Doppler signal could be related with the low vascularisation flow of the enthesis. Even
in other published data by expert groups a similar low prevalence of Doppler signal was
found (36, 88, 105) (31,34, 35). In this sense, it is remarkable that the analysis of

Doppler presence taking into account clinical variables achieved statistical significance.

7.2.1.2. US examination for the assessment of disease activity in early SpA

In general, assessment of patient disease activity is always difficult, particularly
in SpA. The concept of disease activity, a reflection of the underlying inflammation,
encompasses a wide range of measures and domains. For its assessment, we can use the
patient and the physician perspective, single disease activity parameters (e.g. ESR or
CRP) or a composite index. It is likely that a composite disease activity index will
capture multiple important aspects of disease activity and better represent the true
disease state. The BASDAI, probably the most commonly used score in clinical
practice, is composed of six domains with a high level of face validity; however, it
represents only the subjective perspective of the patient (106). To reduce the well-
known limitations of subjective components based on patient perspective, ASAS has
developed the ASDAS, with the hypothesis that a better selection of patient perspective

components and an objective laboratory parameter will improve the composite score
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(102, 107).

The enthesis, which is one of the more important targets in the pathogenesis of
SpA, is undervalued in the assessment of disease activity. The inclusion of enthesitis as
an outcome measure in SpA patients is represented in the BASDAI in question 4 but not
in the ASDAS. The ASAS core set for clinical record keeping and for disease-
controlling anti-rheumatic treatments validated an enthesitis score, such as the
Maastricht Ankylosing Spondylitis Enthesitis Score (MASES), San Francisco or Berlin
(108). However, it is accepted that clinical examination lacks sensitivity and specificity
for enthesitis detection and that imaging techniques such as US can be efficiently used
for this purpose. This is why a large number of studies have been published on US

entheseal alterations in SpA diseases in recent years (14, 24, 35, 36).

Disease activity in SpA patients is most likely related to at least three aspects:
axial, synovial and entheseal involvement. Any composite score that is used as an
outcome measure in SpA should include these domains. Our study explores a new
perspective not previously reported about the construct validity of enthesis US as a
possible disease activity outcome measure in SpA. The question remains as to how US
findings are related to other well-known measures of disease activity and their
relevance. In this sense, our results are exciting because they show that basal ESR and
CRP are higher in patients with an enthesis Doppler signal and that higher basal ESR,
CRP and ASDAS predicted a higher Doppler signal (a US alteration accepted as
representative of inflammation) 6 months later. This seems to represent a connection
between classic biochemical or immunological aspects of inflammation and Doppler

signal, not only simultaneously, but also in future months. Patients with higher ESR and
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CRP also had higher total Achilles scores at the baseline, 6 and 12 month examinations,
which could be a predictor of poorer prognosis in these patients. A similar association
was also found at baseline in patients with higher ASDAS. Remarkably, patients with
inactive disease (ASDAS <1.3) at baseline had no Doppler signal at 6 and 12 months,
indicating a negative predictive value. Furthermore, the Doppler signal at the baseline
visit predicted a higher total US score at 6 and 12 months. Interestingly, at baseline,
patients with ASDAS <2.1 had higher total Achilles scores when compared with
patients with ASDAS <3.5. One possible explanation for this could be that the ASDAS
measures other domains besides enthesitis, so axial or peripheral arthritis could
influence the results. Nevertheless, during follow-up, the total Achilles score decreased
to a greater extent in the group with higher ASDAS (ASDAS >3.5 vs ASDAS <3.5),
which is likely related to more aggressive therapies (including biologic agents) in
patients with higher levels of disease activity and the relative lack of efficacy of the
treatment in patients with lower disease activity. These findings reinforce the potential
use of enthesis US for assessment of disease progression and prognosis. Nonetheless,
the BASDALI does not show significant differences between different cut-offs for US
lesions or Doppler signal when verified with the ASDAS. These results seem to indicate

that the ASDAS better reflects entheseal disease activity than does the BASDAL

One limitation of this study is the exploration of a single peripheral enthesis. The
challenge will be to verify if another single enthesis or a composite US entheseal index
has better validity than the Achilles tendon by itself. Even so, the consistency of our
results using just one enthesis is remarkable. Another limitation of our study is that we
had incomplete data for follow-up in the longitudinal study; however, data for at least

80 patients remained for each variable. Another limitation is that the study was
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conducted by only one researcher with a US machine, thus these findings need to be

replicated by others.

7.2.2. Ultrasonography of the Sacroiliac  joints in

Spondyloarthritis

Currently, there is little available knowledge on the use of ultrasound on the S1Js
or the applicability of US in the diagnosis and monitoring of SpA. In this sense,
conducting new studies in this field is important. Previous studies have provided initial
evidence of the validity of SIJ US (37-43). Analyses of these data showed that US could
provide an opportunity to assess the SIJs. There have been different research end points
used in these studies, using grayscale mode, colour Doppler, ultrasound-enhanced
media and RI. Contrast-enhanced studies have shown very good results in terms of
validity, but it is an invasive technique that increases the time and cost of examinations

and can lead to adverse events in patients.

To determine the real possibilities for the use of US SIJ examinations in clinical
practice, it is interesting to note that an LR greater than 10 or less than 0.1 is considered
to be sufficiently strong evidence to confirm or disprove, respectively, a diagnosis in
most circumstances. LRs of 5-10 and 0.1-0.2 generate moderate shifts in pre-test and
post-test probabilities, respectively, and LRs of 2-5 and 0.5-0.2 generate smaller (but
sometimes important) changes in these probabilities. In our study, the positive LR
achieved by US in the SIJs was 4.9, meaning that US could be a useful test to assess
active sacroiliitis in clinical practice. This result was better than the previously reported
data of 4.25 (38) and 2.67 (40) but was lower than the results when enhanced ultrasound

media were used, for which the positive LR was 6.71 (38).
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Zhu et al, (43) studied the complex appearance of vascularity of the SIJs in AS
and commented that most of the colour flow signs corresponded to venous flow in
active AS patients. In our study, spectral Doppler tracing was obtained to confirm that
each CDUS signal represented a true arterial or venous flow pattern, and the
inflammatory patterns were also checked using the RI to improve the accuracy. In the
evaluation of the RI, our study had similar RI results to those achieved by previous
publications (38, 40, 43), demonstrating statistically significant differences between
SpA patients and controls. However, we went one step further with the calculation of
the better cut-off for the RI (<0.75) to differentiate clinical activity from normality

using flow pattern assessment.

Furthermore, the presence of IBP is a key symptom of axial involvement in
SpA, and it is present in the majority of patients (34). Therefore, we studied whether
CDUS assessment could answer a relevant question in clinical practice, i.e., whether
IBP is related to the diagnosis of SpA. In our study, the presence of Doppler signals in
the SIJs resulted in a high positive LR value when compared to patients with or without
IBP. The combination with IBP increased the post-test probability of SI joint US
examination to a positive LR of 8.4; thus, CDUS of the SIJs could be of relevance in the
detection of active sacroiliitis and in the diagnosis of SpA, but these data need to be

confirmed in further studies.

There were some limitations to our study. First, an increased body mass index
can reduce the sensitivity of CDUS. It was difficult to detect CDUS signals with our US
equipment when the SIJs were deeper than 4 cm. This fact could have resulted in some

false negatives cases. Second, we compared US results to physical examination as the
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gold standard. There are many physical examination tests for the SlJs, and all of them
have been advocated as useful tools in identifying patients with SIJ pain; however, none
of the available SIJ tests appears to be clearly superior to the others (109). To reduce
this limitation, we used several of these tests. Moreover, physical examination has been
accepted as the gold standard in previous studies (40, 43), although it is probably not
the actual gold standard. Histopathology is the most accurate gold standard, but it is
difficult to perform. MRI is accepted as a good technique to assess sacroiliitis, but its
correlation with histopathology has a relative lack of sensitivity (110). CDUS can also
be used to perform US-guided sacroiliac joint injection in the treatment of sacroiliitis
(111) and to detect the changes of sacroiliitis and peripheral enthesitis in AS patients

under biologic therapy (112).

7.2.3. Ultrasonography of the Nail and the extensor tendon

enthesis in psoriasis and Psoriatic Arthritis

This is the first study using US to assess the enti