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Using Magnetic Resonance Angiography to Measure
Abnormal Synovial Blood Vessels in Early
Inflammatory Arthritis: A New Imaging Biomarker?
LISA C. VASANTH, LI FOONG FOO, HOLLIS G. POTTER, RONALD S. ADLER, KATHLEEN C. FINZEL,
HELENE PAVLOV, and LISA A. MANDL

ABSTRACT. Objective. To ascertain whether magnetic resonance angiography (MRA) can reliably detect syn-
ovial neovascularization in subjects with early inflammatory arthritis.
Methods. Subjects with 6 weeks to 6 months of clinical evidence of inflammatory hand arthritis had
a radiograph, power Doppler ultrasound (PDU) scan, magnetic resonance imaging (MRI), and con-
trast enhanced MRA performed on the more symptomatic hand. Ultrasound examination of the wrist
and 2nd-5th metacarpophalangeal (MCP) joints was scored for erosions, synovial thickening, and
synovial blood flow. MRI were assessed using the OMERACT Rheumatoid Arthritis MRI Score
(RAMRIS). MRA was used to assess the number of abnormal vessels in the 2nd-5th MCP and in the
wrist.
Results. Of 30 subjects, 66.7% showed abnormal vasculature on MRA in the MCP and/or wrist;
mean number of abnormal vessels was 5.24 (range 0–22). Number of abnormal vessels on MRA was
strongly correlated with degree of blood flow seen in the corresponding area on PDU (r = 0.79, p ≤
0.0001). The number of abnormal vessels was highly correlated with MRI MCP synovitis scores
(r = 0.69, p ≤ 0.0001), MRI wrist synovitis scores (r = 0.73, p ≤ 0.0001), and ultrasound synovitis
scores (r = 0.68, p ≤ 0.0001).
Conclusion. In this cross-sectional pilot study, MRA identified abnormal vessels in patients with
early inflammatory arthritis. This is the first report of MRA visualizing abnormal vessels in this
patient population. If the degree of neovascularization in early inflammatory arthritis predicts dis-
ease course, MRA evidence of abnormal vessels could be a new imaging biomarker. (First Release
April 1 2010; J Rheumatol 2010;37:1129–35; doi:10.3899/jrheum.090063)

Key Indexing Terms:
EARLY INFLAMMATORY ARTHRITIS IMAGING VASCULARITY
MAGNETIC RESONANCE ANGIOGRAPHY POWER DOPPLER ULTRASOUND

From the Division of Rheumatology and Division of Radiology and
Imaging, Hospital for Special Surgery, New York, New York, USA.
Supported in part by the General Clinical Research Center at the Weill
Cornell Medical College, NIH/NCRR Grant M01 RR00047, a NIH T32
Training Grant, a NIH CreFF Award, an Arthritis Foundation
Postdoctoral Fellowship Award, a Gosden-Robinson Foundation Early
Arthritis Research Award, a General Electric Health Care Research
Grant, NIH grant K23 AR050607-01, and a Clinical Investigator Award
from New York State and the National Arthritis Foundation.
L.C. Vasanth, MD, MS, Instructor of Medicine; L.F. Foo, MD, Assistant
Professor of Radiology; H.G. Potter, MD, Professor of Radiology; R.S.
Adler, MD, PhD, Professor of Radiology, Weill Cornell Medical College,
New York; K.C. Finzel, MD, ProHealth Care Associates, New Hyde Park,
New York; H. Pavlov, MD, FACR, Professor of Radiology, Professor of
Radiology in Orthopedic Surgery; L.A. Mandl, MD, MPH, Assistant
Professor of Medicine, Weill Cornell Medical College.
Address correspondence to Dr. L. Vasanth, Hospital for Special Surgery,
535 East 70th Street, New York, NY 10021, USA.
E-mail: vasanthl@hss.edu
Accepted for publication January 21, 2010.

Determining which patients with recent onset undifferenti-
ated inflammatory arthritis will develop rheumatoid arthritis
(RA) remains a challenge for rheumatologists. Many
patients with recent-onset inflammatory arthritis do not have

a full spectrum of signs and symptoms and usually have
normal radiographic findings1. Given the ability of dis-
ease-modifying antirheumatic drugs (DMARD) and biolog-
ics to prevent permanent damage2, it is of importance to
identify those individuals with early inflammatory arthritis
who are at high risk of future erosive disease so that they can
be treated aggressively, before the occurrence of irreversible
joint damage. A reliable method to stratify patients for risk
would allow directed treatment of those who are most like-
ly to progress, while preventing drug-related side effects in
those with less aggressive disease.

Synovial angiogenesis has been proposed as one of the
earliest markers of inflammatory arthritis3. Angiogenic
cytokines, such as platelet-derived growth factor, tumor
necrosis factor-α, and vascular endothelial growth factor
(VEGF), which also mediates changes in synovial perme-
ability, are present in the synovial fluid and synovium of RA
patients with active disease4,5. In the rat model of colla-
gen-induced arthritis (CIA), angiogenesis inhibitors prevent
the onset of CIA, suppress established disease, and reduce
serum concentrations of VEGF3. Investigators postulate that
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the degree of synovial vascular proliferation may determine
the rate of disease progression in RA, as described in dia-
betic retinopathy6. It is not known, however, if the presence
of synovial vascular proliferation in early undifferentiated
inflammatory arthritis predicts development of established
RA. This hypothesis would ideally be tested by prospective
histologic evaluation of synovium. However, this is not eth-
ically feasible. In place of tissue sampling, a noninvasive
“imaging biomarker” that could reliably identify abnormal
vessels would allow this to be determined. We evaluated the
capability of magnetic resonance angiography (MRA) to
identify abnormal vasculature in patients with very early
inflammatory arthritis, and correlated the findings on MRA
with other measures of disease activity.

MATERIALS AND METHODS
Design. This cross-sectional pilot study was designed to evaluate whether
MRA can detect abnormal capsular vessels in the wrists and metacar-
pophalangeal (MCP) joints of subjects with very early inflammatory arthri-
tis of the hands. The study protocol was approved by the Hospital for
Special Surgery, Weill Cornell Medical College, and General Clinical
Research Center of Weill Cornell Medical College institutional review
boards. All patients provided written informed consent.
Participants. Thirty patients with signs and symptoms of hand inflamma-
tory arthritis for at least 6 weeks but less than 6 months were recruited
between August 2005 and October 2006 from the private offices of rheuma-
tologists affiliated with Hospital for Special Surgery, New York. Subjects
were between ages 18 and 75 years, and had at least 3/7 criteria for RA of
the 1987 American College of Rheumatology (ACR) revised criteria7.
Exclusion criteria included another systemic rheumatic disease or crys-
talline arthritis, pregnancy or nursing, unable to give informed consent, cur-
rent use of glucocorticoids, methotrexate or other DMARD except plaque-
nil, active malignancy (except non-melanomatous skin cancer), active cel-
lulitis or osteomyelitis, contraindication to magnetic resonance imaging
(MRI), known claustrophobia, gadolinium allergy, Raynaud’s phenome-
non, and lack of fluency in English.
Clinical assessment. Clinical evaluation was performed for all patients by
the same rheumatologist before the imaging studies were performed.
Patients answered questionnaires about their demographic information,
current medication use, and comorbid conditions, and completed the
Multidisciplinary Health Assessment Questionnaire (MDHAQ).
Laboratory assessment. C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), and serum antibodies for rheumatoid factor (RF) IgM and
anti-cyclic citrullinated protein antibodies (anti-CCP) were determined at
baseline. IgM RF was measured using nephelometry; RF > 20 was consid-
ered positive. Anti-CCP were detected using ELISA; anti-CCP antibody >
20 was considered positive.
Disease activity assessment. Disease activity was assessed by calculating
the 28-joint Disease Activity Score (DAS28) for each patient8.
Ultrasound assessment. Ultrasound examinations of the wrist and second
through fifth MCP joints of the more symptomatic hand were performed by
an experienced musculoskeletal ultrasound radiologist, blinded to the clin-
ical, laboratory, radiographic, and MRI findings. The ultrasound was per-
formed utilizing an IU22 system (Phillips Medical, Bothell, WA, USA)
with a 12 or 17 MHz transducer linear phased array. Power Doppler meas-
urements were obtained using the scanner’s low-flow sensitivity settings
according to the criteria given by Newman, et al9 with scans obtained in
sagittal plane at 3 points through each MCP joint and at 3 standardized
points along the carpus. Each ultrasound scan was scored for erosions and
synovitis of the carpus and 2nd-5th MCP. Scores for erosions and synovi-
tis were based on the scale for those measures used by Szkudlarek, et al10

in their study of ultrasonography of the finger and toe joints in RA.
Erosions were scored 0–2 (0 = no erosions, 1 = single erosion, and 2 = mul-
tiple erosions) for the 2nd-5th MCP, base of the metacarpals 1–5, and car-
pus as divided into 3 areas (carpus, distal ulna, and distal radius) for a total
erosion score ranging from 0 to 24. Synovial thickening was scored 0–3 (0
= no synovial thickening, 1 = minimal synovial thickening, 2 = synovial
thickening bulging over the line linking tops of the periarticular bones but
without extension along the bone diaphysis, 3 = synovial thickening
bulging over linking tops of the periarticular bones and with extension to at
least one of the bone diaphyses) for the dorsal and volar sides of the
2nd-5th MCP and the dorsal and volar sides of the wrist as divided into
proximal radial, proximal ulnar, distal radial, and distal ulnar for a total
synovial thickening score ranging from 0 to 48. Power Doppler ultrasound
(PDU) was used to assess vascularity. Vascularity scores were designed to
parallel the vascularity scoring for the MRA. Vascularity was scored 0–3 (0
= no appreciable synovial flow, 1 = mild synovial flow, 2 = moderate syn-
ovial flow, 3 = marked synovial flow) for the dorsal and volar sides of the
2nd-5th MCP and the dorsal and volar carpus divided into radial, mid, and
ulnar zones, for a total vascularity score ranging from 0 to 21.
MRI/MRA assessment. All patients underwent noncontrast MR imaging as
well as MRA following intravenous injection of 0.2 ml/kg gadolinium
(Omniscan, General Electric Health Care, Milwaukee, WI, USA) of the
more clinically active hand on the same day as their clinical evaluation.
One patient was unable to complete the MRI due to severe shoulder pain.
Twenty-six studies were performed on a 1.5 Tesla unit and 3 studies were
performed on a 3.0 Tesla unit (General Electric Health Care). All studies
were completed with a standard 8 channel phased array extremity coil
placed at isocenter. Coronal and sagittal moderate echo time (34 ms) fast
spin-echo images were obtained using a validated cartilage-sensitive tech-
nique11. Additional coronal fast inversion recovery techniques were per-
formed to provide an extended dynamic range and allow visualization of
subtle marrow edema, which has been shown to precede the presence of
erosion12. All patients received a single intravenous Gd-DTPA injection for
their time-resolved MRA as part of the standard study protocol, following
the noncontrast enhanced MRI in 3 planes, inclusive of a coronal fat-sup-
pressed sequence. A 3-dimensional, digitally subtracted, contrast-enhanced
MRA was performed using a time-resolved sequence, typically between 8
and 10 s following intravenous administration of a contrast bolus at a rate
of 2 cc/s [time-resolved imaging of contrast kinetics (TRICKS); General
Electric Health Care]. Following the MRA, a T1-weighted fat-suppressed
sequence was performed. The total time for a morphological MRI of the
hand is roughly 40 min. The time-resolved MRA added an additional 5 min.

MRI and MRA were analyzed and scored independently by 2 experi-
enced musculoskeletal MR radiologists without knowledge of the patients’
clinical, laboratory, or radiographic findings (radiographs or ultrasound).
MRI were scored according to the OMERACT RAMRIS13,14 scoring sys-
tem. The MR radiologists used the EULAR-OMERACT RA MRI
Reference Image Atlases as a guide for scoring15,16.

Blood vessels on MRA are defined as tubular anatomical structures in
the expected distribution of the known vascular anatomy, as well as its nor-
mal variants, which demonstrate vascular enhancement following adminis-
tration of contrast. In the hand, the radial and ulnar arteries give rise to the
deep and superficial palmar arches, which give rise to the digital vessels. In
a normal hand, there are no discernible smaller arterial branches. New peri-
articular vessels are identified if there is enhancement of additional arterial
supply derived from the normal arteries of the hand17. In our study, new
periarticular vessels were identified both temporally and anatomically. The
arteries are enhanced prior to venous contamination of the angiogram17.
Rapid, successive imaging of the vessels starting 8 s after intravenous
injection allowed clear delineation between arterial and venous structures.
3-dimensional assessment of the maximum intensity projection of the tem-
porally subtracted angiogram also helped confirm the arterial origin of the
new or recruited vessels.

The MRA were scored for discernible number of abnormal new vessels
in the 2nd-5th MCP and carpus. The carpus was divided into 3 compart-
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ments: radiocarpal, distal radioulnar, and midcarpal. The MRA score was
the sum of all discernible vessels in each area.
Radiographic assessment. Posteroanterior radiographs of patients’ hands
were taken at the study visit unless the patient had hand radiographs per-
formed at our hospital within the 6 weeks prior to the US/MRI/MRA eval-
uation. In those cases, the previous radiographs were used. The radiographs
were read by an experienced musculoskeletal radiologist blinded to the
patients’ clinical, laboratory, ultrasound, and MRI findings. Radiographic
evidence of erosions and joint space narrowing was determined according
to the Sharp-van der Heijde method18.
Statistical analysis. Statistical analysis was performed using SAS v. 9.1.3
(SAS, Cary, NC, USA). Correlations among clinical, laboratory, and imag-
ing data were analyzed by Spearman’s rank correlation test. Rater agree-
ment was assessed using the interclass correlation coefficient per Shrout
and Fleiss19. The first set of results used the raw scores. A square-root trans-
formation was used to obtain the second set of results. The purpose of the
square-root transformation is variance stabilization.

RESULTS
Thirty patients were enrolled in the study. One ultrasound
study could not be analyzed as the file was corrupted. One
patient was unable to complete the MRI due to severe shoul-
der pain. One patient did not have analysis for RF, and one
patient did not have anti-CCP antibodies drawn. One patient
had a radiograph of only 1 hand. Available data from the 5
patients with incomplete data were analyzed.

The patients’ demographic and clinical details are shown
in Table 1. The median duration of symptoms at entry into
the study was 15.4 weeks. Sixty percent of patients met
ACR criteria for RA, 38% were RF-positive, and 21% had
anti-CCP antibodies. The median DAS28 was 3.6
[interquartile range (IQR) 1.67].

Patients’ imaging characteristics are shown in Table 2.
Forty-seven percent of subjects had erosions on radio-
graphs. The median number of erosions on radiographs was
3.5; 55.1% of subjects had erosions by ultrasound, with a
median number of 1 erosion. The median synovial thicken-
ing score was 6. The possible total synovial thickening score
for the wrist and MCP ranged from 0 to 48. The median
ultrasound vascularity score was 1. The possible total ultra-
sound vascularity score for the wrists and MCP ranged from
0 to 21. 66.7% of patients had erosions on MRI. The medi-
an RAMRIS score was 3 (IQR 5) for the MCP and 3 (IQR
6) for the wrist. The median RAMRIS bone edema score
was 0 (IQR 0) for the MCP and 0 (IQR 1) for the wrist. On
MRA, 66.7% showed abnormal vessels in the MCP and/or
carpal compartments; the median number of new vessels
was 4 (IQR 9).

Spearman correlations are shown in Table 3. The number
of abnormal vessels on MRA was strongly and significantly
correlated with degree of blood flow seen on PDU (r = 0.79,
p ≤ 0.0001) as well as RAMRIS synovitis scores of the MCP
(r = 0.69, p ≤ 0.0001) and RAMRIS synovitis scores of the
wrist (r = 0.73, p ≤ 0.0001), RAMRIS bone erosion score of
the wrist (r = 0.78, p < 0.0001), RAMRIS bone edema score
of the wrist (r = 0.43, p = 0.02), ultrasound synovitis scores
(r = 0.68, p ≤ 0.0001), RF titer (r = 0.43, p = 0.02), and
anti-CCP antibody titer (r = 0.43, p = 0.02). The number of
abnormal vessels seen on MRA did not correlate with
MHAQ, DAS28, or RAMRIS bone edema or bone erosion
score of the MCP, or the ultrasound erosion score.

There was a high degree of agreement between readers
for the scoring of number of vessels seen on the MRA
(Shrout-Fleiss ICC 0.91).

MRI and MRA in Figure 1 show synovitis, tenosynovitis,
and abnormal capsular vessels, and PDU shows increased
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Table 1. Demographic and clinical characteristics (n = 30).

Category, %

Female, % (ratio) 86.7 (26/30)
Median age, yrs (IQR) 43.5 (21)
Ethnicity, % (ratio)

Caucasian 73.3 (22/30)
Asian 13.3 (4/30)
Pacific Islander 3.3 (1/30)
Hispanic/Latino 3.3 (1/30)
Black/African American 3.3 (1/30)
More than 1 ethnicity 3.3 (1/30)

ACR criteria, % (ratio)
Subjects with 3/7 criteria 40 (12/30)
Subjects with 4/7 criteria 40 (12/30)
Subjects with ≥ 5/7 criteria 20 (6/30)

Median duration of symptoms, wks (IQR), % 13 (14)
With RF, % (ratio) 38 (11/29)
With anti-CCP, % (ratio) 21 (6/29)
Median MHAQ* (IQR) 0.13 (0.375)
Median DAS28** (IQR) 3.6 (1.67)

IQR: interquartile range; ACR: American College of Rheumatology;
RF: rheumatoid factor; anti-CCP: anti-cyclic citrullinated peptide antibod-
ies. * Modified Health Assessment Questionnaire (MHAQ) scored 0–3
(mild functional loss ≤ 0.375). ** Disease Activity Score (DAS28) scored
0–10 (> 5.1 = high disease activity; < 3.2 = low disease activity; < 2.6 =
remission).

Table 2. Imaging characteristics (n = 30).

Category

Erosions on radiograph, % (ratio) 47 (14/30)
Median no. of erosions on radiograph (IQR) 3.5 (4)
Erosions on ultrasound, % (ratio) 55.1 (16/29)
Median no. of erosions on ultrasound (IQR) 1 (1)
Median synovial thickening score by ultrasound (IQR) 6 (8)
Median vascularity score by ultrasound (IQR) 1 (3)
Erosions on MRI, % (ratio) 66.7 (20/30)
Abnormal capsular vessels on MRA, % (ratio) 66.7 (20/30)
Median RAMRIS MCP synovitis score (IQR) 3 (5)
Median RAMRIS MCP bone edema score (IQR) 0 (0)
Median RAMRIS MCP bone erosions score (IQR) 0 (1)
Median RAMRIS wrist synovitis score (IQR) 3 (6)
Median RAMRIS wrist bone edema score (IQR) 0 (1)
Median RAMRIS wrist bone erosions score (IQR) 1 (3)
Median no. of abnormal capsular vessels on MRA (IQR) 4 (9)

IQR: interquartile range; MRA: magnetic resonance angiography; MCP:
metacarpophalangeal joint; RAMRIS: OMERACT rheumatoid arthritis
MRI scoring system.
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vascularity in the wrist of a patient with clinical synovitis,
positive serologies, and a DAS of 5.32. MRI and MRA in
Figure 2 show no evidence of synovitis, tenosynovitis, or
abnormal capsular vessels in the hand and wrist of a patient
with minimal clinical synovitis, negative serologies, and a
DAS of 2.61.

DISCUSSION
Angiogenesis of the synovium is a critical, early stage in the
progression of synovitis and joint destruction. The new vas-
cular network provides inflammatory cells access to the syn-
ovium and promotes the synovial hyperplasia that leads to
bone and cartilage destruction20. Case reports using con-
trast-enhanced MRA have shown a proliferative network of
small vessels in the periarticular distribution of patients with
longstanding RA21, but MRA has not been systematically
used to evaluate abnormal vascular recruitment in patients
with early inflammatory arthritis.

Our study was designed to evaluate the validity of MRA
as a method to detect abnormal vessels in patients with very
early inflammatory arthritis of the hand. MRA was not pre-
viously used to image the small vessels of the wrist and
hand, areas commonly involved in early inflammatory
arthritis, because high resolution is needed to view the
small-caliber vessels (often < 1 mm in diameter) and the
acquisition time must be short to avoid venous contamina-
tion21. To address the previous limitations of MRA, we used
a 1.5 or 3 Tesla MR scanner with a high quality receiver coil
and time-intensity sensitive software, which permits track-
ing of the contrast into the affected joints as a function of
time. MRA is a relatively noninvasive technique by which

direct angiographic views of the affected joints can be
obtained without the attendant risks of arterial puncture and
ionizing radiation that exist with conventional contrast
angiography. The MRA requires about 5 additional minutes
in the MR unit and may be performed at the same session as
the MRI.

Gadolinium-enhanced MRI is able to demonstrate
increased contrast distribution in areas where there is
increased local tissue perfusion, and the inflamed rheuma-
toid synovium produces cytokines, causing increased vascu-
lar permeability3,6. MRI evidence of synovial gadolinium
enhancement correlates with histological evidence of an ele-
vation in numerical density of blood vessels (number of ves-
sels per square millimeter) in RA patients with knee synovi-
tis3. Conversely, in RA patients without clinical knee
synovitis, biopsies of the knee synovium show no vascular
proliferation, even though perivascular mononuclear cell
proliferation and synovial lining-layer thickening were evi-
dent3,6. MRI evidence of synovitis and bony abnormalities
has also been shown to correlate with histological evidence
of synovitis and vascularity in the MCP of patients with
RA22. MRI does not, however, offer a direct method to
quantify synovial vascular proliferation.

PDU has also been used to examine synovial blood flow
in patients with synovitis. PDU can be used to distinguish
active synovitis from inactive synovial thickening23. PDU
measures of blood flow are strongly associated with clinical
and laboratory assessment of disease activity24 and synovitis
on post-contrast MRI25. Although PDU measurements are
highly associated with histologic evidence of synovial vas-
cularity in patients with RA, it is a measure of dynamic blood
flow without direct correlation to neovascularization26.

While MRI and PDU offer indirect evidence of disease
activity, MRA can provide direct visualization of patholog-
ic synovial neovascularization. Inclusion of time-resolved
angiography following injection of Gd-DTPA allows detec-
tion of newly recruited vessels in the early phase, prior to
diffuse synovial enhancement. To our knowledge, this tech-
nique has not previously been used to image small vessels of
the hand in patients with early inflammatory arthritis.

While MRA did produce impressive images, it is impor-
tant to correlate these findings with other validated methods
of disease assessment noted above. The number of vessels
seen on MRA showed high correlation with PDU assessment
of synovial blood flow, suggesting that MRA assessment of
synovial vascularity is an accurate measurement tool. MRI
has additionally been validated as an indirect measure of syn-
ovial vascularity22,27. Therefore, we also correlated the num-
ber of vessels seen on MRA with OMERACT MRI bone
edema, bone erosion, and synovitis scores. The number of
vessels on MRA also showed a strong and statistically sig-
nificant correlation with OMERACT RAMRIS scores of
synovitis at the wrist and MCP, and OMERACT RAMRIS
bone edema and bone erosion scores at the wrist.
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Table 3. Spearman correlations.

No. of Vessels Seen on MRA
Feature Spearman r p

PDU blood flow 0.79 < 0.0001
Ultrasound synovitis score 0.68 < 0.0001
Ultrasound erosion score 0.03 0.86
RAMRIS wrist synovitis 0.73 < 0.0001
RAMRIS wrist bone edema score 0.43 0.02
RAMRIS wrist bone erosion score 0.78 < 0.0001
RAMRIS MCP synovitis 0.69 < 0.0001
RAMRIS MCP bone edema score 0.15 0.44
RAMRIS MCP bone erosion score 0.33 0.08
Anti-CCP antibodies 0.43 0.02
Rheumatoid factor 0.43 0.02
ESR 0.38 0.04
CRP 0.07 0.71
MHAQ 0.25 0.2
DAS28 0.24 0.21

MRA: magnetic resonance angiography; PDU: power Doppler ultrasound;
RAMRIS: Outcome Measures in Rheumatology (OMERACT) rheumatoid
arthritis MRI scoring system; MCP: metacarpophalangeal joint; anti-CCP:
anti-cyclic citrullinated peptide; ESR: erythrocyte sedimentation rate;
CRP: C-reactive protein; MHAQ: Modified Health Assessment
Questionnaire; DAS28: Disease Activity Score.
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Tender and swollen joint counts, elevated CRP, and pres-
ence of RF and anti-CCP antibodies have predictive value
for progression to RA in patients with undifferentiated
arthritis28. Number of vessels seen on MRA showed a mod-

erate and statistically significant correlation with the pres-
ence of RF, anti-CCP antibodies, and ESR, although not
with CRP. There was no correlation between the number of
vessels seen on MRA and the MDHAQ or DAS28 scores.
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Figure 1A. A patient with clinical synovitis, positive serologies, and DAS
= 5.32. Fat-suppressed coronal MRI shows reactive bone marrow edema
pattern affecting all joint compartments of the wrist. Axial and sagittal fast
spin-echo MR images show synovial debris within the distended distal
radioulnar joints (yellow arrow) and radiocarpal joints (red arrow). Note
also the presence of tenosynovitis of the flexor carpi radialis (green arrow).
MR angiography shows the presence of new vessels (blue arrow) at the
level of the midcarpal joint.

Figure 1B. Power Doppler ultrasound of the same patient shows the volar
aspect of the wrist along the radioscaphoid joint. A region of interest
encompasses hypoechoic soft tissue with increased vascularity. The graph
plots the mean power Doppler signal intensity (dB/mm2) versus time. The
pulsatility reflects the arterial component of the visualized vascularity.

Figure 2. The hand and wrist of a patient with minimal clinical synovitis, negative serologies, and DAS
= 2.61. Fat-suppressed and fast spin-echo MR images show no evidence of synovitis affecting the wrist
joints. MRA reveals no evidence of neovascularity. Coronal T1 fat-suppressed MR images after injection
of contrast also show no abnormal areas of synovial enhancement.
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The lack of correlation with these health status scales under-
scores the poor discriminatory value of clinical findings in
early disease. The significant correlation with RF and anti-
CCP antibodies, well known predictors of disease progres-
sion, suggests that vessels visualized by MRA may indeed
be “imaging biomarkers” of disease severity.

Baseline bone edema measured by MRI has been shown
to be a measure of disease severity in patients with early
RA29,30. Baseline MRI bone edema at the wrist is predictive
of 6-year Sharp score for patients with early RA29. The
CIMESTRA group demonstrated that baseline bone edema
is a predictor of radiographic progression in the hands,
wrists, and forefeet at 2 years30. If MRA can accurately
measure neovascularization at the synovial level, before
bone involvement, it could potentially be used as an indica-
tor of disease severity and need for treatment in patients
with very early, undifferentiated inflammatory arthritis.

Limitations of our study include a small sample size and
the use of both a 1.5 and 3 Tesla MRI machine. Although 3
patients were scanned at 3 Tesla and the remaining 26 were
scanned at 1.5 Tesla, the signal to noise ratio of the MRA at
1.5 Tesla is quite high and the same in-plane and through-
plane resolution was used at both field strengths. No differ-
ence in visualization of vascularity was encountered between
the different field strengths. While patients reported no more
than 6 months of symptoms, it was surprising that 47% of
patients had evidence of erosions on plain radiographs. If
recall bias led to the inclusion of patients with more estab-
lished disease, our findings might not be generalizable to
patients with very early inflammatory symptoms. Alter-
natively, the study may have preferentially attracted patients
with short-term but more aggressive clinical disease. Further
study of a larger, more diverse number of patients is neces-
sary to evaluate the generalizability of our findings.

Our study documents that abnormal synovial vascular-
ization can be visualized by MRA as early as 6 weeks after
the start of inflammatory hand symptoms. MRA evidence of
new vessels strongly and significantly correlates with PDU
evidence of blood flow. While degree of blood flow is an
indirect measure of disease activity, abnormal vascular
recruitment is direct evidence of synovial pathology.
Evidence of early synovial neovascularization may be a
putative “biomarker” for aggressive disease. Large prospec-
tive studies are needed to determine whether abnormal neo-
vascularization, as measured by MRA, predicts severity of
disease course or response to treatment. If neovasculariza-
tion is predictive of future severe erosive disease, it would
allow treatment when disease activity is still at the synovial
level, perhaps even before the development of cartilage and
bone involvement.

REFERENCES
1. Verpoort KN, van Dongen H, Allaart CF, Toes RE, Breedveld FC,

Huizinga TW. Undifferentiated arthritis — disease course assessed

in several inception cohorts. Clin Exp Rheumatol 2004;22 Suppl
35:S12-7.

2. Goekoop-Ruiterman YP, de Vries-Bouwstra JK, Allaart CF, van
Zeben D, Kerstens PJ, Hazes JM, et al. Clinical and radiographic
outcomes of four different treatment strategies in patients with early
rheumatoid arthritis (the BeSt study): a randomized, controlled
trial. Arthritis Rheum 2005;52:3381-90.

3. Gaffney K, Cookson J, Blades S, Coumbe A, Blake D. Quantitative
assessment of the rheumatoid synovial microvascular bed by
gadolinium-DTPA enhanced magnetic resonance imaging. Ann
Rheum Dis 1998;57:152-7.

4. Koch AE, Harlow LA, Haines GK, Amento EP, Unemori EN, Wong
WL, et al. Vascular endothelial growth factor. A cytokine
modulating endothelial function in rheumatoid arthritis. J Immunol
1994;152:4149-56.

5. Fava RA, Olsen NJ, Spencer-Green G, Yeo KT, Berse B, Jackman
RW, et al. Vascular permeability factor/endothelial growth factor
(VPF/VEGF): accumulation and expression in human synovial
fluids and rheumatoid synovial tissue. J Exp Med 1994;180:341-6.

6. FitzGerald O, Soden M, Yanni G, Robinson R, Bresnihan B.
Morphometric analysis of blood vessels in synovial membranes
obtained from clinically affected and unaffected knee joints of
patients with rheumatoid arthritis. Ann Rheum Dis 1991;50:792-6.

7. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315-24.

8. van der Heijde DM, van ’t Hof M, van Riel PL, van de Putte LB.
Development of a disease activity score based on judgment in
clinical practice by rheumatologists. J Rheumatol 1993;20:579-81.

9. Newman JS, Laing TJ, McCarthy CJ, Adler RS. Power Doppler
sonography of synovitis: assessment of therapeutic response
— preliminary observations. Radiology 1996;198:582-4.

10. Szkudlarek M, Court-Payen M, Jacobsen S, Klarlund M, Thomsen
HS, Ostergaard M. Interobserver agreement in ultrasonography of
the finger and toe joints in rheumatoid arthritis. Arthritis Rheum
2003;48:955-62.

11. Potter HG, Linklater JM, Allen AA, Hannafin JA, Haas SB.
Magnetic resonance imaging of articular cartilage in the knee. An
evaluation with use of fast-spin-echo imaging. J Bone Joint Surg
Am 1998;80:1276-84.

12. Sugimoto H, Takeda A, Hyodoh K. MR imaging for evaluation of
early rheumatoid arthritis. Semin Musculoskelet Radiol
2001;5:159-65.

13. Lassere M, McQueen F, Ostergaard M, Conaghan P, Shnier R,
Peterfy C, et al. OMERACT Rheumatoid Arthritis Magnetic
Resonance Imaging Studies. Exercise 3: an international
multicenter reliability study using the RA-MRI Score. J Rheumatol
2003;30:1366-75.

14. Ostergaard M, Peterfy C, Conaghan P, McQueen F, Bird P, Ejbjerg
B, et al. OMERACT Rheumatoid Arthritis Magnetic Resonance
Imaging Studies. Core set of MRI acquisitions, joint pathology
definitions, and the OMERACT RA-MRI scoring system.
J Rheumatol 2003;30:1385-6.

15. Conaghan P, Bird P, Ejbjerg B, O’Connor P, Peterfy C, McQueen F,
et al. The EULAR-OMERACT rheumatoid arthritis MRI reference
image atlas: the metacarpophalangeal joints. Ann Rheum Dis
2005;64 Suppl 1:i11-21.

16. Ejbjerg B, McQueen F, Lassere M, Haavardsholm E, Conaghan P,
O’Connor P, et al. The EULAR-OMERACT rheumatoid arthritis
MRI reference image atlas: the wrist joint. Ann Rheum Dis 2005;64
Suppl 1:i23-47.

17. Winterer JT, Moske-Eick O, Markl M, Frydrychowicz A, Bley TA,
Langer M. Bilateral ce-MR angiography of the hands at 3.0 T and
1.5 T: intraindividual comparison of quantitative and qualitative

1134 The Journal of Rheumatology 2010; 37:6; doi:10.3899/jrheum.090063

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


image parameters in healthy volunteers. Eur Radiol
2008;18:658-64.

18. van der Heijde D. How to read radiographs according to the
Sharp/van der Heijde method. J Rheumatol 1999;26:743-5.

19. Shrout P, Fleiss J. Intraclass correlations: uses in assessing rater
reliability. Psychol Bull 1979;86:420-8.

20. Pap T, Distler O. Linking angiogenesis to bone destruction in
arthritis. Arthritis Rheum 2005;52:1346-8.

21. Connell DA, Koulouris G, Thorn DA, Potter HG. Contrast-
enhanced MR angiography of the hand. Radiographics
2002;22:583-99.

22. Ostendorf B, Peters R, Dann P, Becker A, Scherer A, Wedekind F,
et al. Magnetic resonance imaging and miniarthroscopy of
metacarpophalangeal joints: sensitive detection of morphologic
changes in rheumatoid arthritis. Arthritis Rheum 2001;44:2492-502.

23. Naredo E, Bonilla G, Gamero F, Uson J, Carmona L, Laffon A.
Assessment of inflammatory activity in rheumatoid arthritis: a
comparative study of clinical evaluation with grey scale and power
Doppler ultrasonography. Ann Rheum Dis 2005;64:375-81.

24. Naredo E, Collado P, Cruz A, Palop MJ, Cabero F, Richi P, et al.
Longitudinal power Doppler ultrasonographic assessment of joint
inflammatory activity in early rheumatoid arthritis: predictive value
in disease activity and radiologic progression. Arthritis Rheum
2007;57:116-24.

25. Terslev L, Torp-Pedersen S, Savnik A, von der Recke P, Qvistgaard
E, Danneskiold-Samsoe B, et al. Doppler ultrasound and magnetic

resonance imaging of synovial inflammation of the hand in
rheumatoid arthritis: a comparative study. Arthritis Rheum
2003;48:2434-41.

26. Walther M, Harms H, Krenn V, Radke S, Faehndrich TP, Gohlke F.
Correlation of power Doppler sonography with vascularity of the
synovial tissue of the knee joint in patients with osteoarthritis and
rheumatoid arthritis. Arthritis Rheum 2001;44:331-8.

27. Ostergaard M, Ejbjerg B. Magnetic resonance imaging of the
synovium in rheumatoid arthritis. Semin Musculoskelet Radiol
2004;8:287-99.

28. van der Helm-van Mil AH, le Cessie S, van Dongen H, Breedveld
FC, Toes RE, Huizinga TW. A prediction rule for disease outcome
in patients with recent-onset undifferentiated arthritis: how to guide
individual treatment decisions. Arthritis Rheum 2007;56:433-40.

29. McQueen FM, Benton N, Perry D, Crabbe J, Robinson E, Yeoman
S, et al. Bone edema scored on magnetic resonance imaging scans
of the dominant carpus at presentation predicts radiographic joint
damage of the hands and feet six years later in patients with
rheumatoid arthritis. Arthritis Rheum 2003;48:1814-27.

30. Hetland ML, Ejbjerg B, Horslev-Petersen K, Jacobsen S,
Vestergaard A, Jurik AG, et al. MRI bone oedema is the strongest
predictor of subsequent radiographic progression in early
rheumatoid arthritis. Results from a 2-year randomised controlled
trial (CIMESTRA). Ann Rheum Dis 2009;68:384-90.

1135Vasanth, et al: MRA and neovascularization

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/

