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Analysis of correlation and causes for discrepancy
between quantitative and semi-quantitative Doppler
scores in synovitis in rheumatoid arthritis

Hamed Rezaei1,2, Erik af Klint2, Hilde Berner Hammer3, Lene Terslev4, Maria
Antonietta D’Agostino5, Yogan Kisten1 and Laurent Arnaud1

Abstract

Objectives. The aim of this study was to evaluate the association between two semi-quantitative Doppler

US scoring systems (SQS), and the quantitative scoring (QS) of Doppler pixel count.

Methods. Adult patients with RA and inadequate clinical response to anti-rheumatic therapy were exam-

ined with musculoskeletal US (MSUS). Dorsal MSUS of the wrists, MCP and MTP 2�5 were performed.

MSUS images with sign of synovitis were collected and the QS was measured. Five assessors blinded to

the QS evaluated the images independently, according to either SQS method. Association between QS

and SQS was studied using correlations and multilevel models taking into account the clustering of ratings

at the rater, patient and joint levels.

Results. Analysis of the 1190 ratings revealed a strong correlation (�= 0.89, P< 0.0001) and significant

associations (P<0.0001) between QS and SQS. Correlations between QS and SQS according to

Szkudlarek et al. (�= 0.87, P<0.0001) or Hammer et al. (�= 0.91, P<0.0001) were similar. A total of

239 (20.1%) images were given a SQS grade that did not match that expected based on initial QS,

using pre-defined cut-offs. Main explanations for discrepancies were different perceived region of interest

(40.7%) and Doppler pixel count near cut-offs between SQS grades (32.3%).

Conclusion. We showed that both SQS methods correlated well with QS to assess synovitis, but SQS

methods are intrinsically limited when the Doppler pixel count is close to the cut-offs between the SQS

grades. Analysis discrepancies between these methods may help further revision of criteria used to assess

disease activity with MSUS in RA.

Key words: rheumatoid arthritis, musculoskeletal ultrasound, scoring systems

Rheumatology key messages

. Doppler semi-quantitative methods correlated well with quantitative Doppler pixel count to assess synovitis in RA.

. Doppler semi-quantitative methods are limited when Doppler pixel count is close to the cut-offs in RA.

. Analysis of discrepancies of the semi-quantitative methods may help revising the criteria for assessing the grade
of synovitis.

Introduction

Different clinical scoring systems are used to monitor dis-

ease activity in RA [1�3]. However, subclinical activity

may be observed despite clinical remission, and lead to

radiographic progression [4�7]. Musculoskeletal US

(MSUS), particularly Doppler US, is increasingly used

for the evaluation of synovial vascularization, and there-

fore plays a major role in disease monitoring in RA [8�14].

The amount of Doppler signals measured in the synovial
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tissue, that is, the region of interest (ROI) according to

either semi-quantitative scoring (SQS) or quantitative

scoring (QS) methods [15�19], is used as a surrogate

measure of synovial inflammation in RA joints. SQS meth-

ods visually score the amount of Doppler signals (i.e. the

colour fraction), in the synovial area using 4-grade ordinal

ranking systems. Specifically, Szkudlarek et al. [18], used

a scale based on the proportion of Doppler signal (grade

0: no flow; grade 1: single vessel signals; grade 2: con-

fluent vessel signals in less than half the area of the syno-

vium; grade 3: confluent vessel signals in more than half

the area of the synovium) whereas Hammer et al. [15]

have suggested to score the amount of Doppler signals

in the synovium into none, mild, moderate and major after

visual comparison with a reference atlas. None of the

SQS has been chosen by consensus so far [20], and

this creates some heterogeneity in MSUS scoring in clin-

ical practice and research.

Conversely, a major strength of the QS system is that

it allows objective measurement of Doppler pixels (i.e.

the colour fraction in the synovial area) using a continu-

ous numeric scale [7, 19] that is thought to reflect the

inflammatory activity in each synovial area. While

SQS and QS scoring systems have separately shown

high reliability when applied to the same patient co-

hort [21], only limited knowledge exists as to the

degree to which these scoring systems agree upon

each other.

The aim of this study was therefore to evaluate the as-

sociation between both SQS systems described by

Szkudlarek et al. and Hammer et al. [15, 18] and the QS

system described by Qvistgaard et al. [19] in RA patients

with active disease. Also, we sought to elucidate the rea-

sons for potential discrepancies between SQS and QS

assessments, in order to better understand the intrinsic

limitations of these methods, and provide a rational

basis for their future revision.

Methods

Study design and patients

Adult patients fulfilling the 1987 ACR classification criteria

[22] and/or the 2010 ACR/EULAR classifications criteria

[23] for RA, with inadequate clinical response to

DMARDs and/or first anti TNF therapy were examined

with MSUS between 2012 and 2015, as part of a clinical

evaluation upon entering a prospective observational

study with add-on therapy. Clinical data including

DAS28 [3] and its components, status for ACPA and RF

were obtained for each patient. The study was approved

by the regional ethics committee (Karolinska Institutet,

Stockholm, Sweden). All patients received oral and written

information prior to inclusion, and provided written

consent.

Musculoskeletal US scanning

MSUS scanning was performed by one participant (H.R.)

using the same settings on the same US equipment

(General Electric LOGIQ E9 unit, Wauwatosa, WI, USA)

with a linear array transducer. The brightness modulation

frequency was set at 15 MHz. The colour Doppler US

setting was adjusted according to recommendations [24]

and was as follows: frequency of 10 MHz, pulse repetition

frequency of 0.5 KHz, wall filter of 69 Hz and the gain level

for colour Doppler US was just below the noise level.

The dorsal wrist was scanned longitudinally in central

and radial positions. Both radiocarpal and midcarpal joints

were included in both positions and were evaluated as

two separate joints (Fig. 1). Second to fifth metacarpopha-

langeal (MCP 2-5) and metatarsophalangeal (MTP 2-5)

joints were also scanned in dorsal longitudinal positions

in all patients (Fig. 1). Including the ulnar aspect of the

wrist joint was avoided for measurement of the colour

Doppler pixel count as this position should have de-

manded separate tracing of distal radio-ulnar joint, the

FIG. 1 Region of interest (ROI) for both SQS and QS was characterized according to the OMERACT definition for

synovitis (an anechoic or hypoechoic region over the dorsum of the joint, visible in longitudinal planes which may exhibit

positive colour Doppler signals or not)

(A) Dorsal longitudinal radial scan of the wrist; (B) dorsal longitudinal scan of the MCP joint; (C) dorsal longitudinal scan of

the MTP joint.
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joints between os triquetrum and os hamatum; and be-

tween os hamatum and the fourth and fifth metacarpal

bones. Additionally, there is not direct articulation be-

tween the distal ulnar and the carpal bones which is sepa-

rated by the triangular disc.

Generation of study images and colour Doppler
US scoring

All joints with grade 1 or more synovial hypertrophy in

grey-scale and/or positive colour Doppler activity in the

synovial area were selected. The ROI for both SQS and

QS was defined in accordance with the OMERACT defin-

ition [25] of synovial hypertrophy and synovitis (Fig. 1). For

each selected joint, a 4 s US film clip was recorded on the

US machine. Based on each US film clip, the image with

the highest colour Doppler activity and no colour Doppler

noise was recorded and computerized measurement of

colour Doppler pixel count (QS) was performed by one

participant (H.R.), according to Qvistgaard et al. [19].

All recorded images were then distributed to each of the

five participants, who performed SQS scoring according

to either Szkudlarek et al. [18] (three participants: H.R.,

L.T. and E.K.) or Hammer et al. [15] (two participants:

H.B.H. and Y.K.). All participants were blinded to each

other, as well as to the QS assessments. HR performed

the SQS >1 year after he measured the QS, and thus was

also considered blinded.

Statistical analysis

Descriptive data are presented as counts (percentage),

medians (range) or as means (S.D.) and their 95% CI.

Agreement between the five participants regarding the

SQS assessments was performed using a two-way

mixed consistency intra-class correlation coefficient (ICC).

In order to assess the association between SQS and

QS, we built a linear mixed model considering QS as the

dependent variable and SQS as the fixed effect (un-

adjusted model). Then, multilevel hierarchical models

were constructed to take into account the clustering of

scorings within each participant (model 1), within each

participant and each patient (model 2) and finally within

each participant, patient and joint (with wrist, MCP and

MTP joints considered separately) (model 3).

Then, we built generalized linear mixed models using a

multinomial distribution with logit link function considering

QS as the explanatory variable, and SQS grades as the

dependent variable, and the same multilevel clustering of

ratings as in models 1, 2 and 3, respectively. The predicted

values generated by each of these models were saved, and

receiver operating characteristic (ROC) curves were built

from the values, to determine the sensitivity and specificity

of various QS cut-off values to distinguish between SQS

grades.

Finally, we defined discrepant cases as those for which

the SQS given by a participant differed from the theoret-

ical grade calculated from the QS, using the following

rules: QS of 0% for grade 0, QS between 1 and 9% for

grade 1, between 10 and 49% for grade 2 and>50% for

grade 3. These discrepant cases were extracted, and

each participant was asked to re-grade his/her own dis-

crepant cases, blinded to the initial SQS grading and ori-

ginal QS, and to provide an explanation for the

discrepancy. Then, discrepant images and explanations

provided were reviewed in consensus by four authors

(H.R., E.K., Y.K. and L.A.), and classified into a limited

number of categories. A new measurement of the colour

Doppler pixel count from the recorded images was per-

formed on the same US machine for all discrepant images

by the same participant (H.R.) as for the initial evaluation

of the QS. The test-retest reproducibility of QS was very

good [ICC: 0.97 (95% CI: 0.96�0.98)], with a mean (S.D.)

difference between both QS values of 1.59 ± 7.67 points

on the 0% to 100% scale.

All tests were bilateral and p-values<0.05 were con-

sidered statistically significant. The statistical analyses

were performed with the IBM SPSS Statistics 23 software

(IBM Corp., Armonk, New York, USA).

Results

Patient characteristics

This study included 37 adult RA patients (Table 1). All pa-

tients had at least moderate disease activity according to

the DAS28, and ongoing anti rheumatic treatment with

stable dosage during the last 3 months before inclusion.

Among them, 33 patients (89.2%) were treated with

methotrexate at a mean (S.D.) dosage of 17.9 (3.7) mg,

13 patients (35.1%) received oral corticosteroids at a

mean (S.D.) dosage of prednisone of 5.4 (2.9) mg and 6

patients (16.2%) were treated with anti-TNF therapies in

combination with DMARDs.

Number of study images recorded for each joint

Out of a total of 888 joints assessed, 238 (26.8%) had -

grade 1 or more synovial hypertrophy in grey-scale and/or

positive colour Doppler activity in the synovial area, and

were therefore recorded for further SQS and QS assess-

ments. The total number of images recorded for each joint

TABLE 1 Baseline characteristics

Baseline characteristics (number of patients: 37)

Age, mean (S.D.), years 56 (14.4)

Disease duration, mean (S.D.), years 8.9 (9.5)

Female sex, n (%) 25 (67.6)

Current smokers, n (%) 10 (27)
ACPA positivity, n (%) 30 (81.1)

RF positivity, n (%) 25 (67.6)

DAS28, mean (S.D.) 4.6 (1.3)

ESR, mean (S.D.) 21 (17.2)
CRP, mean (S.D.) 7.24 (10.23)

Swollen joint count, mean (S.D.) 6.0 (3.9)

Tender joint count, mean (S.D.) 9.3 (6.1)
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was as follows: MCP joints, n = 101 (42.4%); wrist, n = 88

(37.0%); MTP joints: 49 (20.6%) (Fig. 2).

Agreement of SQS between participants

Each of the five participants performed SQS assessment

of the 238 recorded images, yielding a total of 1190 joint

ratings. The distribution of SQS grades given by partici-

pants was as follows: grade 0 in 103 ratings (8.7%), grade

1 in 230 (19.3%), grade 2 in 469 (39.4%) and grade 3 in

388 (32.6%), independently of which scoring system was

used. Excellent reliability of the SQS scoring was

observed, with very high agreement between participants

for SQS assessments [ICC: 0.97 (95% CI: 0.96, 0.97)].

Associations between QS and SQS

Considering the 1190 joint ratings, we observed a strong

correlation between the QS and SQS assessments as a

whole [�= 0.89 (95% CI: 0.87, 0.90), P< 0.0001]. Further,

the correlations between QS and SQS as described by

either Szkudlarek et al. [18] [�= 0.87 (95% CI: 0.86,

0.89)], or Hammer et al. [15] [�= 0.91 (95% CI: 0.89,

0.92)] were similar.

Due to the highly correlated structure of the dataset

(data not shown), we estimated the association between

QS and SQS, as well as the mean QS for each SQS grade

(Table 2), using multilevel hierarchical models taking into

account the clustering of data within each participant

(model 1), within both participants and patients (model

2), as well as within patients, participants, and joints

(model 3). We found a significant association between

QS and SQS in all these models (P< 0.0001, for all).

Similarly, we confirmed a significant association

(P< 0.0001, for all) between QS and SQS as described

by either Szkudlarek et al. [18] or Hammer et al. [15].

Sensitivity and specificity of predefined QS cut-off
values to distinguish between SQS grades

Using the multilevel hierarchical models, we found that a

QS cut-off value of 10% yielded a sensitivity of 96�99%

and a specificity of 77�85% to distinguish between grades

1 and 2 (Table 3). Similarly, using a QS cut-off value of

50% yielded of sensitivity of 98�99% and a specificity of

91�92% to distinguish between grades 2 and 3 (Table 3).

Number and location of discrepancies between SQS
as graded by participants and SQS derived from QS

In 239 (20.1%) of the 1190 joint ratings, participants gave

a SQS grade that did not match that expected based on

our suggested QS cut-off values (Table 3). Four of these

239 discrepant joint ratings (3.4%) were misclassified by

all 5 participants, 14 (11.8%) by 4 participants, 20 (16.8%)

by 3 participants, 22 (18.5%) by 2 participants and 59

(49.6%) by a single participant. The proportion of discrep-

ant ratings was significantly higher (P = 0.045) in the wrist

(n = 105, 23.9%) compared with the MCPs (n = 90, 17.2%)

and the MTPs (n = 44, 18.0%).

Explanations for discrepancies between SQS as
graded by participants and SQS derived from QS

Each participant was then asked to grade again his/her

own discrepant images according to the same SQS sys-

tems, blinded to the initial SQS and QS assessments, and

to provide a short explanation for the discrepancy. These

new SQS grades were the same as the initial ones in 117

(48.9%) of the 239 discrepant images, differed by 1 grade

(e.g. grade 2 instead of grade 3) in 120 images (50.2%),

and by 2 grades (e.g. grade 1 instead of grade 3) in 2

images (0.8%). Valuable explanations allowing us to

understand the reasons for discrepancy could be pro-

vided for 130 (54.4%) of the 239 discrepant images and

are shown in Table 4. The main reasons were a

FIG. 2 Distribution of 238 joints with a sign of active synovitis

Number of patients: 37. DLC: dorsal longitudinal central; DLR: dorsal longitudinal radial.
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disagreement on what should be considered the outline of

the ROI (40.7%), and the amount of Doppler signal being

very close to one of the cut-offs between SQS grades with

participants being unsure of which SQS grade should be

attributed (32.3%).

Discussion

We aimed to investigate whether two semi-quantitative

colour Doppler assessment methods were associated

with a fully quantitative colour Doppler assessment of in-

flammatory joints in RA patients, and to understand the

reasons for potential discrepancies between these

methods.

In line with the study by Terslev et al. [21], we observed

a strong correlation between SQS and SQ assessments.

Further, we confirmed this association using multilevel

models that were able to take into account the clustering

of ratings within each participant, patient and joint. This is

crucial as disease activity is highly correlated within the

different positions used to assess each joint, as well as

between the different joints of a given patient.

We found that both the correlations and strength of

the associations between the QS and either SQS sys-

tems were very similar. This is important as there is still

a lack of consensus regarding the most appropriate

semi-quantitative scoring system that should be pre-

ferred at the joint level [20].

In order to further understand the limitations of SQS

assessments, we performed an in-depth review of all

images for which we observed a discrepancy between

the SQS given by the participants and that calculated

from the QS, using pre-specified cut-off values. Even if it

was not the aim of this study to define new cut-off values

between the different SQS grades, we found that these

pre-specified QS cut-off values had a very good sensitivity

and specificity to distinguish between the different SQS

grades, across all models (Table 3). In addition we were

able to confirm that the cut-off value (50%) between

grades 2 and 3 as suggested by Szkudlarek et al. [18]

has a very good sensitivity and specificity (Table 3)

when applied to our study data.

Using these cut-off values, we found that SQS assess-

ments were either under- or over-estimated by at least

one of the participants in about 20% of the joint ratings,

when compared with SQS derived from QS measure-

ments. The main reason leading to discrepancies was

that the participants did not agree with the ROI used for

the initial QS measurement, despite the fact that these

ROI were defined in accordance with the OMERACT def-

inition of synovitis [25]. This might underline the need for

further consensus on how to define the ROI at the joint

TABLE 2 Mean colour Doppler pixel counts for each colour Doppler semi-quantitative score

Semi quantitative score

Colour Doppler pixel count, %

Raw data Model 1 Model 2 Model 3
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

Grade 0 0.40 (0a, 3.17) 0.22 (0a, 2.98) 2.43 (0a, 6.22) 4.93 (0.92, 8.94)

Grade 1 7.64 (5.78, 9.49) 7.49 (5.64, 9.34) 11.32 (8.18, 14.46) 14.22 (10.81, 17.63)

Grade 2 29.83 (28.53, 31.13) 29.79 (28.49, 31.09) 29.56 (26.70, 32.41) 30.90 (27.76, 34.05)

Grade 3 69.24 (67.82, 70.67) 69.42 (68.00, 70.84) 63.92 (60.92, 66.93) 60.89 (57.58, 64.20)

Raw data: unadjusted; model 1: adjusted for multiple raters; model 2: Clustered by patients, adjusted for multiple raters;

model 3: clustered by joints and patients, adjusted for multiple raters.
aNegative values generated by the model were replaced by 0.

TABLE 3 Sensitivity and specificity of predefined quantitative scoring cut-off values in different statistical models

Cut-offs between gradesa

Sensitivity and specificity in the different statistical models

Raw data Model 1 Model 2 Model 3

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

Grades 0�1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Grades 1�2 0.94 0.72 0.99 0.85 0.99 0.82 0.96 0.77

Grades 2�3 0.90 0.84 0.99 0.92 0.99 0.91 0.98 0.92

Raw data: unadjusted; model 1: adjusted for multiple raters; model 2: Clustered by patients, adjusted for multiple raters;

model 3: clustered by joints and patients, adjusted for multiple raters.
aCut-off between grade 0 (G0) and G1: 0%; between G1 and G2: 10%; between G2 and G3: 50%.
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level, especially in the wrist which is the joint in which we

observed the highest proportion of discrepancies. Also,

our data show that it remains to be agreed, ideally by

consensus, upon how paratenonitis [26] should be con-

sidered when one is tracing the ROI. On the other hand, it

is worthy to underline the presence of normal vessels in

the joint capsule, particularly visible in the wrist. These

vessels can be interpreted as pathological, and belonging

to the synovial membrane in both static images and film

clips. The real position of those vessels can be appre-

ciated only during a live examination.

The second reason for misclassification was the fact

that the amount of Doppler signals was in a borderline

zone, that is, between two consecutive scores in the

SQS systems. This is an important finding, showing that

both SQS systems used in this study did not perform well

when the synovial colour fraction was around 10 and

50%, therefore leading to either an over- or under-estima-

tion of the actual disease activity. This may be seen as an

important limitation of the SQS methods, and conversely

as a strength of the QS method as the score in the QS are

based on the pixels calculated with dedicated software

[27], in contrast to the SQS where it is made in the mind

of the examiner and therefore hardly as accurate.

As previously shown [20], the two main factors that may

influence the sensitivity of synovitis detection by Doppler

US in RA, and consequently the grade of intra-articular

Doppler signals are: equipment-dependent factors and

operator-dependent factors. In this study, a single

MSUS operator (H.R.) assessed all patients with the

same MSUS settings, on the same US equipment. This,

along with the relatively large total number of images as-

sessed, the high agreement rate between five highly

experienced MSUS raters, and the use of multilevel

models that were able to take into account the highly

correlated structure of the dataset, can be considered im-

portant strengths of this study. Despite very high test-

retest reproducibility, the fact that the QS was performed

by a single participant and then used as a gold standard

may paradoxically limit the generalizability of our findings.

Another limitation is that valuable explanations could be

provided for only 54% of the discrepant cases. As there is

no definition for semi-quantitative scoring of the volar

aspect of the MCP joints in the both SQS systems [15,

18] used in this study, we could not include this aspect for

SQS or colour Doppler pixel count.

Altogether, we have shown that two semi-quantitative

methods for assessing synovitis correlated similarly well

with a fully quantitative Doppler assessment of inflamma-

tory joints in RA patients. This suggests that any of these

methods can be used to assess synovial activity in RA.

However, the QS system, due to its scale structure, is

more sensitive to change than SQS systems, which is

an important metrological property to follow-up disease

activity [28, 29]. Furthermore, some important un-

answered questions regarding the global quantification

of synovitis by Doppler technique remain, including the

minimal activity that should be considered pathological

in a single joint [20], and consensus on how to trace the

ROI for each joint area, particularly in the wrist [30].
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TABLE 4 Causes of discrepancies

Causes of discrepancy n (%)

Different perceived ROI (The rater does not
agree with the ROI used for the initial
Doppler % measurement)

53 (40.7)

Borderline Doppler % very close to a cut-off
(After review of the images, the rater report
that he/she has misclassified the grade
because the actual Doppler % was very
close to 10% or 50%)

42 (32.3)

Conflict between grading according to visual
% and signals (Discrepancy between the
theoretical grading related to the presence
of inflammatory signals and the Doppler
pixel count visually perceived)

19 (14.6)

Error in measurement or transcription of initial
Doppler pixel count (A new measure of the
Doppler pixel count shows that the value
initially entered in the database was not
correct)

13 (10.0)

Paratenonitis (The rater does not agree as
how to handle a paratenonitis)

10 (7.7)

Blood vessel initially misinterpreted as an in-
flammatory signal (After review of the
image, the rater agrees that he/she has
initially misinterpreted a small blood vessel
as an inflammatory signal)

6 (4.6)

Artefacts (Presence of artefacts in the image,
making the rating more difficult)

5 (3.8)

Capsule asymmetry (Asymmetry in the cap-
sule, leading to a mistake in the grading)

2 (1.5)

Analysis of the cause of the discrepancies between actual vs

theoretical grading based on Doppler pixel count. The par-

ticipants were able to provide a valuable explanation for 130
(54.4%) of the 239 discrepant cases (no explanation could

be provided for 46 discrepant cases and one author did not

provide explanations for the discrepancies).
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