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Grading of ultrasound Doppler signals in synovitis:
does it need an update?
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Abstract

Objectives. To compare subjective estimation with computerized quantification of synovial perfusion in

active RA, develop new quantitative scores, establish quantitative limit values for the respective grades in

order to achieve even distribution and compare the new scores with the established semi-quantitative score.

Methods. Patients fulfilling the 2010 RA classification criteria in whom US showed power Doppler signals

in one or more wrist or MCP joints were included. Right and left wrists and MCP joints 1�5 were examined

with dorsal and volar scans. The proportion of the synovium covered by Doppler signals was estimated

and quantified electronically in the area with the greatest fraction of colour signals.

Results. Forty-one RA patients [29 females, mean age 62 years (S.D. 14), disease duration 11 years (S.D.

13), 28-joint DAS 5.5 (S.D. 1.3)] were examined. Colour signals were found in 192 of 984 joint regions.

Forty-two, 139 and 11 regions were allocated to the semi-quantitative grades 1, 2 and 3, respectively, with

electronically calculated colour fractions of 3.9%, 12.6% and 29.7%. The mean estimated colour fractions

were lower than the mean measured fractions. An even distribution of the scores was found for estimated

colour fractions of >0�10% for grade 1, >10�25% for grade 2 and >25% for grade 3 and for measured

colour fractions of >0�6% for grade 1, >6�12% for grade 2 and >12% for grade 3.

Conclusion. This study suggests replacing the semi-quantitative grading system for synovial Doppler US

with more evenly distributed quantitative scores that might better reflect treatment response.

Key words: ultrasound, Doppler ultrasound, rheumatoid arthritis, disease activity, synovitis, hand, grading
system, outcome measure.

Rheumatology key messages

. The current synovitis Doppler score has an uneven distribution of grades in active RA.

. Sonographers estimated higher colour fractions for synovial perfusion in RA than the computerized pixel count
software.

. More evenly distributed quantitative synovial perfusion scores potentially increase the sensitivity to change for
follow-up RA trials.

Introduction

Doppler US allows detection of the perfusion of

synovial tissue in inflammatory rheumatic diseases.

It has become an important tool for determining the

inflammatory activity in RA and other rheumatic

diseases. The presence of Doppler signals represents a

prognostic criterion for developing erosive disease in RA

[1�3].

Doppler US depends on the Doppler effect. This is a

change in the frequency of a wave resulting from the

motion of red blood cells. Two different modes of

Doppler US are currently used for determining synovial

vascular flow: colour Doppler and power Doppler. Power

Doppler depicts the amplitude, or power, of Doppler sig-

nals rather than the frequency shift. In many modern US

machines the sensitivity for detecting Doppler signals is
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similar for the colour Doppler mode compared with the

power Doppler mode [4].

The first studies investigating Doppler US have applied

a qualitative scoring system for grading intra-articular

Doppler signals: 0, no colour signals; 1, mild hyperaemia;

2, moderate hyperaemia; 3, marked hyperaemia [5�8].

Other investigators suggested measuring the resistance

index [9] or calculating time�intensity curves after having

injected US contrast agents [10]. These methods have not

gained acceptance because of their lack of feasibility in

daily clinical practice. Otherwise, colour pixels could be

counted with external software [1, 9, 11]. Such software is

now provided as internal software and should become

more widely available in the future.

In 2003 Szkudlarek et al. [12] suggested a new semi-

quantitative grading system (Table 1). In addition, other

authors have suggested limiting the number of visible

single vessel signals representing grade 1 to a maximum

of three colour spots [13].

Since then this score has been used in the majority

of Doppler US studies [14�16]. Studies analysing the

inter- and intrarater variability of the above mentioned

semi-quantitative Doppler US score have found good

agreements. Agreements tend to be higher for the

Doppler US score than for grey-scale US findings

[17�22]. Effective treatment leads to a reduction in

colour signals. The score correlates with the longitudinal

assessment of the clinical activity in RA [18, 23�33]. Other

trials are currently investigating whether patients in clinical

remission might benefit from treatment escalation if US

reveals synovial hypervascularity [34, 35].

With advancing US technology, the sensitivity for de-

tecting Doppler signals has considerably increased in re-

cent years. Studies have shown that the majority of

inflamed joints are classified as grade 2 according to the

Szkudlarek score, while grades 1 and 3 are rare [36, 37].

Grade 2 includes for instance both confluent signals that

cover 5% or slightly <50% of the synovium. These find-

ings also reflect the experience of the authors in clinical

practice. This uneven distribution between grades may

impair the sensitivity to change in follow-up studies

using Doppler as an outcome measure. Even with new

technology, power Doppler signals rarely cover >50% of

the synovium (grade 3). This study aims to test these

hypotheses.

US technology that allows Doppler quantification, that

is, determining the ratio of the synovial area covered by

Doppler signals in relation to the total synovial area, is now

available. This technology may facilitate a quantitative

score.

The objectives of this study are to compare subjective

estimation and computerized quantification of synovial

perfusion in active RA, develop a new quantitative

score, establish quantitative limit values for the respective

grades in order to achieve even distribution and compare

the new score with the established semi-quantitative

score (0�3) by Szkudlarek et al. [12] and modified by

Naredo et al. [13].

Patients and methods

Consecutive patients diagnosed with RA fulfilling the 2010

ACR/EULAR RA classification criteria were included in the

study [38]. Clinical examination had to reveal at least one

swollen MCP or wrist joint. In addition, US had to show

synovial hypertrophy with the presence of power Doppler

signals in at least one MCP or wrist joint. Patients gave

written informed consent according to the Declaration of

Helsinki before entering the study. Approval for the study

was given by the ethical committee of the Charité

University Medicine Berlin, Germany (registration number

EA1/069/12).

Forty-one patients were examined in two centres, 30

patients in the Medical Centre for Rheumatology in

Berlin-Buch and 11 patients in the Department of

Rheumatology of the Charité�University Medicine Berlin.

Both wrists and all 10 MCP joints were examined by a

physician experienced in musculoskeletal US with dorsal

and volar longitudinal scans. These scans included probe

positions of up to 45� medially and laterally from the

standard dorsal or volar probe position. Thus 24 joint re-

gions of 12 joints were examined in every patient.

All examinations were done with the same GE Logiq E9

XDclear US equipment (GE Healthcare, Wauwatosa, WI,

USA) constructed in 2013 and equipped with an 8- to 18-

MHz hockey stick probe (L8-18i-D). US machine settings

were standardized as follows: (i) grey-scale settings: fre-

quency 18 MHz; frame average 2; line density 2; dynamic

range 78; speckle reduction imaging 3; (ii) power Doppler

imaging settings: pulse repetition frequency 0.5 kHz;

power Doppler frequency 10 MHz; threshold 100%; wall

filter 0/32; spatial filter 1; frame average 4; package size

14; line density 2. The power Doppler gain was adjusted

just below the appearance of artefacts. The power

Doppler box included all visible parts of the joint within

the synovial capsule. Settings were optimized to the high-

est possible colour sensitivity in two separate sessions

with an application specialist of the US company before

the study. Measurement was done in the probe position

that revealed the greatest fraction of power Doppler

signals.

Findings were first graded semi-quantitatively (0�3) ac-

cording to the Szkudlarek score modified to Naredo. The

proportion of the synovial area covered by Doppler signals

was then subjectively estimated by the sonographer and

TABLE 1 Semi-quantitative grading system for Doppler

US signals in synovial tissue [12]

Grade

0 No flow in the synovium

1 Single vessel signals (up to 3)
2 Confluent vessel signals in less than half of

the area of the synovium
3 Vessel signals in more than half of the area of

the synovium

Adapted from Szkudlarek et al. [12] and Naredo et al. [13].
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finally determined with the Doppler quantification software

(Q-Analysis, GE Healthcare). The sonographer placed the

probe over the area where he or she subjectively saw

more colour than in other scan orientations. Then a 3-s

video sequence was recorded. Thereafter the sonogra-

pher drew a line to indicate the area of the synovium.

Subsequently the software presented a graph showing

the colour fraction over these 3 s (Fig. 1). The US image

corresponding to the highest colour fraction was reviewed

in order to exclude artefacts. In the case of flash artefacts,

the second or third peak was evaluated if this was free of

artefacts.

The sonographers were blinded to further clinical data.

However, the clinical phenotype (e.g. joint swelling) was

obvious to the sonographers while performing the US

examination. Examinations were repeated by a second

sonographer blinded to the results of the first sonographer

in 15 joint regions of six patients in order to estimate in-

terrater reliability.

For the statistical analysis, all data were recorded in an

Excel (Microsoft, Redmond, WA, USA) spreadsheet and

analysed by descriptive analysis methods. The numeral

and percentage frequencies of the estimation and com-

puterized quantification as well as of the synovial perfu-

sion evaluated by the conventional semi-quantitative

grading system were assessed for each joint region and

compared with each other. Weighted k was determined to

describe interrater reliability for the grading system results

in joints that exhibited colour signals (grades 1�3). For the

percentage measurements, Lin’s concordance correlation

coefficient was applied.

Results

Of the 41 patients, 29 were female. The mean age of all

patients was 62 years (S.D. 14). The mean disease duration

was 11 years (S.D. 13.9). The mean 28-joint DAS with CRP

(DAS28-CRP) was 5.5 (S.D. 1.3). The mean CRP was

25 mg/l (S.D. 40; normal <5 mg/l). Radiography of the

hands and forefeet revealed erosions in 28 patients. RF

was positive in 66% of patients and ACPA was positive in

63%.

Colour signals were found in 192 of 984 joint regions.

Doppler signals were most commonly detected in the

wrist, followed by the MCP 2 and 3 joints. They were

more commonly detectable in dorsal rather than volar

scans (Table 2). Table 3 shows the mean subjectively

estimated and measured colour fractions related to the

joint regions.

The highest subjectively estimated colour fraction was

70% in dorsal scans of a left dorsal wrist joint, a right

dorsal MCP 5 joint and a left dorsal MCP 3 joint.

The highest measured colour fraction was 52% in the

above-mentioned dorsal scan of a left wrist joint. This

was the only joint region in which a colour fraction of

>50% was measured. Table 4 compares the three grad-

ing systems.

The mean subjectively estimated colour fraction was

higher than the mean measured colour fraction. The ma-

jority of joints were scored as grade 2 by the established

classification system. Scores related to the colour fraction

could provide a more even distribution. Table 5 describes

ranges of subjectively estimated and measured colour

FIG. 1 Measurement of power Doppler fraction over 3 s

The highest peak represents the fraction described in this study. The corresponding US image is important for excluding

artefacts.
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fractions that would generate an even distribution of

grades for the investigated RA patient population.

In six patients, 12 dorsal MCP regions and 3 dorsal wrist

regions were evaluated by a second sonographer who

was blinded to the results of the first sonographer. The

analysis after the exercise found that both sonographers

agreed in all joint regions in terms of the presence or

absence of power Doppler signals in these joints.

Sonographer 2 described a semi-quantitative grade 2 in

two joint regions previously scored as grades 1 and 3 in

five joint regions previously scored as grade 2.

Sonographer 2 subjectively estimated and measured

colour fractions of 45% (minimum�maximum 15�80%)

and 32% (7�60%) in joints in which sonographer 1 had

estimated and measured colour fractions of 26% (2�70%)

and 16% (3�52%). Reliability was perfect for the presence

or absence of colour signals. In terms of assignment to

one of the three Doppler grades in joints exhibiting

Doppler signals (>0/category 1�3 data), reliability was

fair for the semi-quantitative grading system (weighted k
0.29), the estimated quantitative grading system

(weighted k 0.37) and the quantitative computerized

measurement grading system (weighted k 0.23).

Reliability improved when comparing percentage meas-

urements instead of grades. The weighted k was 0.57

for the estimated quantitative grading and 0.50 for the

quantitative computerized measurement grading system.

It takes 5�10 min to bilaterally examine wrists and MCP

joints with grey-scale and Doppler US, including docu-

mentation. Computerized Doppler quantification analysis

takes an additional 3 min per joint with detectible synovial

perfusion. On average, computerized analysis prolonged

the examination time by 14 min, as each patient had an

average of 4.7 joints with detectible synovial perfusion.

Discussion

The semi-quantitative grading system by Szkudlarek

modified by Naredo for Doppler signals in synovitis is

widely used. The present study shows that grades 1�3

are not evenly distributed in a population of consecutive

patients with active RA. Only 5.7% of joint regions were

scored as grade 3, subjectively estimating a colour frac-

tion of >50%. In fact, measurement showed only one joint

region with a colour fraction of >50% (52%). The colour

fraction was overestimated by the sonographers. The

measured colour fraction was lower than the estimated

colour fraction. A quantitative grading system that relies

only on estimated or measured colour fractions would

allow more clearly defined cut-offs and a more even dis-

tribution of grades.

A general problem for all synovial Doppler US grading

systems is the varying sensitivity of different US equip-

ment and variable machine settings [39]. Strictly speaking,

the suggested limits for the grades in this study account

for only the equipment used with the mentioned machine

settings and the current software. The colour fraction was

lower than expected. The sensitivity for detecting Doppler

signals may be higher with other US equipment or use of

the colour Doppler mode with the equipment used in this

study. Nevertheless, the present study was conducted

with the newest equipment from the manufacturer. Thus

the Doppler sensitivity in this study is probably higher than

for most US examinations in clinical practice. As seen in

previous studies, sensitivity for Doppler signals is higher in

dorsal views than in volar scans [40].

TABLE 3 Mean estimated and measured colour fraction per joint region in power Doppler�positive joints

Joint
region

Dorsal right Dorsal left Volar right Volar left

Estimated,
%

Measured,
%

Estimated,
%

Measured,
%

Estimated,
%

Measured,
%

Estimated,
%

Measured,
%

Wrist 18 11 20 10 12 6 13 7

MCP 1 23 14 22 16 3 2 30 27

MCP 2 21 14 18 10 13 5 N/A N/A

MCP 3 18 12 25 14 N/A N/A 2 2
MCP 4 27 17 20 13 N/A N/A N/A N/A

MCP 5 28 13 17 12 9 5 3 2

Total 21 13 21 12 10 5 12 8

N/A: not applicable, as in none of the patients were Doppler signals detected in these joint regions.

TABLE 2 Number of power Doppler�positive joint regions

Joint
region

Dorsal
right

Dorsal
left

Volar
right

Volar
left

Wrist 5/23/2 4/23/2 4/1/0 1/3/0
MCP 1 2/11/0 0/6/0 1/0/0 0/1/0

MCP 2 5/17/2 6/8/1 1/2/0 0/0/0

MCP 3 5/12/0 1/14/2 0/0/0 1/0/0
MCP 4 0/5/1 2/5/0 0/0/0 0/0/0

MCP 5 0/3/1 1/4/0 2/1/0 1/0/0

Total 17/71/6 14/60/5 8/4/0 3/4/0

First number indicates grade 1, second number grade 2 and

third number grade 3 according to the Szkudlarek semi-

quantitative grading system [12] modified by Naredo et al.

[13].

1900 www.rheumatology.oxfordjournals.org

Wolfgang A. Schmidt et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/54/10/1897/1790892 by guest on 11 April 2024



Quantitative grading according to the estimated colour

fraction could replace the previously used score in the

future in order to get a better distribution of grades. As

an alternative to a grading system of four categories

(grades 0�3), the estimated or measured maximum

colour fraction could be indicated. The sensitivity to

change is likely to be superior to the old grading system

because it allows a more even distribution of colour

grades. This is particularly the case when the same equip-

ment with the same software and settings is used for

follow-up examinations. Further studies, particularly

follow-up studies with treatment, will be needed to evalu-

ate quantitative grading systems.

Computerized determination of the colour fraction ap-

pears to be more objective than estimation of the colour

fraction. It has been shown that the reliability of compu-

terized determination is higher for image interpretation

[36]. Further studies are needed to determine if this also

refers to image acquisition. Computerized determination

of the colour fraction may gain a place particularly in trials

and in selected institutions, but it is more time consuming

than subjective estimation of colour signals. It is currently

not yet widely available, but it will gain greater recognition

in the future. Costs will arise mainly due to the increase in

examination time rather than for the acquisition of tech-

nology. Quantitative scores might have a higher sensitivity

to change [41]. Further follow-up studies are warranted to

determine how much the sensitivity to change will be

increased when applying the proposed quantitative

scores.

The limitations of the study include the fact that the

sonographers were not completely blinded to the clinical

appearance of the patients. This is a general problem in

US studies. The study population for the interrater ana-

lysis was small. Studies with a greater number of patients

and more sonographers are needed to determine the use

of new scoring systems for synovial vascularity.

In summary, computerized quantification of synovial

perfusion in active RA results in lower colour fractions.

Quantitative limit values for the respective grades may

achieve a more even distribution than the established

semi-quantitative score.

In conclusion, this study aims to open a discussion on

the currently used semi-quantitative scoring system for

synovial US Doppler signals. This score may need to be

revised. Alternatively, new quantitative scores that rely on

subjective estimation or electronic measurement of the

maximum colour fraction in the synovium may replace

semi-quantitative scores, with the aim of providing a

more even distribution of grades and increasing the sen-

sitivity to change, particularly for joints that have been

classified as grade 2 by the old grading system. A new

quantitative score would probably increase the sensitivity

to change and thus improve the monitoring of treatment

response in future trials.
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19 Bruyn GA, Naredo E, Möller I et al. Reliability of ultrason-

ography in detecting shoulder disease in patients with

rheumatoid arthritis. Ann Rheum Dis 2009;68:357�61.

20 Cheung PP, Dougados M, Gossec L. Reliability of ultra-

sonography to detect synovitis in rheumatoid arthritis: a

systematic literature review of 35 studies (1,415 patients).

Arthritis Care Res 2010;62:323�34.

21 Bruyn GA, Pineda C, Hernandez-Diaz C et al. Validity of

ultrasonography and measures of adult shoulder function

and reliability of ultrasonography in detecting shoulder

synovitis in patients with rheumatoid arthritis using mag-

netic resonance imaging as a gold standard. Arthritis Care

Res 2010;62:1079�86.

22 Vlad V, Berghea F, Iagnocco A et al. Inter & intra-

observer reliability of grading ultrasound videoclips with

hand pathology in rheumatoid arthritis by using non-

sophisticated Internet tools (LUMINA study). Med Ultrason

2014;16:32�6.

23 Backhaus TM, Ohrndorf S, Kellner H et al. The US7 score

is sensitive to change in a large cohort of patients with

rheumatoid arthritis over 12 months of therapy. Ann

Rheum Dis 2013;72:1163�9.
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