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ABSTRACT
Objectives: To investigate remission with ultrasound (US) in patients with Rheumatoid arthritis (RA) according

to different clinical remission criteria. 

Methods: A total of 105 patients with RA who were in remission for at least 6 months according to disease

activity score in the 28 joints using C-reactive protein (DAS28-CRP) were included in the study. US remission

rates were analyzed according to different remission criteria [DAS28-CRP, DAS28 using erythrocyte

sedimentation rate (DAS28-ESR), clinical disease activity index (CDAI), simplified DAI (SDAI), and the 2011

American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) Boolean remission

criteria]. US remission was determined as power doppler (PD) US score = 0. 

Results: Remission rates achieved for each remission criteria were 100%, 82.9%, 55.2%, 58.1% and 42.9%

and US remission rates were 57.1%, 57.5%, 53.4%, 55.7%, 57.7% for DAS28 CRP, DAS 28 ESR, CDAI,

SDAI, 2011 ACR/EULAR remission criteria, respectively. When the patients compared for the US findings

between remission and non-remission patients according to the different clinical remission criteria, no difference

was found (p > 0.05). 
Conclusions: This study shows that clinical remission criterias are not sensitive enough to accurately detect

remission and there was no increase in the US remission rates as per the stricter remission criteria. Using US

in addition to the clinical criteria would prove to be more useful in evaluating remission.
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Rheumatoid arthritis (RA) is a chronic inflamma-

tory disease that can cause bone erosions and

joint motion limitation. The treatment of RA aims to

suppress inflammation by achieving low disease ac-

tivity and/or complete remission [1, 2]. Clinical remis-

sion is defined as the absence of significant signs and

symptoms of inflammatory disease activity and the

elimination of any signs of systemic inflammation.

The definition of clinical remission in RA is developed

by evaluating composite scores of disease activity.

These composite scores include the following: disease

activity score in the 28 joints using erythrocyte sedi-

mentation rate (DAS28-ESR), the DAS28 using C-re-

active protein (DAS28-CRP), clinical disease activity
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index (CDAI), simplified DAI (SDAI), and the 2011

American College of Rheumatology/European League

Against Rheumatism (ACR/EULAR) Boolean remis-

sion criteria [3-5]. Reported remission rates depend on

the criteria that are used to define remission and may

vary in relation with each other [6]. Using the combi-

nation of tumor necrosis alpha inhibitor (TNFi) and

conventional synthetic disease-modifying drugs (csD-

MARDs) is predicted to increase clinical remission

rates and provide greater control of radiographic pro-

gression [7-9]. However, despite achieving the goal of

remission, patients who receive only csDMARD and

patients who receive both TNFi + csDMARD, expe-

rience progressive structural and functional damage.

Because although the patients are in clinical remission,

subclinical synovitis may persist that can only be de-

tected radiologically. Therefore, the validity of these

criteria is controversial. Besides, with stricter remis-

sion criteria, higher rates of US remission are ex-

pected. In recent years, many attempts have been

made to redefine the concept of remission in RA.

Studies show that ultrasound (US) is more sensitive

than clinical findings in detecting inflammation and

can be used to define remission [10-16]. Synovial hy-

pertrophy (SH) and power Doppler (PD) signals are

used in the detection of subclinical synovitis using US.

Since PD shows synovial vascularity, it reflects active

inflammation better [17-19]. The detection of subclin-

ical synovitis in patients in remission is very important

for the prognosis of RA and has been emphasized to

be the most important predictor of radiographic dam-

age [20-22]. 

      The issues such as which clinical remission criteria

are better to reflect true remission, which remission

criteria should be used, and whether US findings

should be added to the definition of remission are con-

troversial. Therefore, in this study, it was aimed to in-

vestigate remission with US according to different

clinical remission criteria and to determine which clin-

ical remission criteria is more effective in predicting

US remission in RA patients who receive csDMARD

alone and combination of TNFi + csDMARD.

METHODS

Study Design and Patient Selection 

A total of 105 patients with RA were included in the

study. These patients were in remission for at least 6

months, and 55 of these patients received a combina-

tion of TNFi + csDMARD and 50 of them received

csDMARD alone. Demographic data such as age, gen-

der, smoking habit, and current medication usage were

collected from the patients. The study received ethics

approval from the local ethics committee of the

Uludag University School of Medicine on June, 07

2016 (approval number: 2016-11/27), and written in-

formed consent was obtained from the patients. The

study was conducted in Rheumatology outpatient

clinic of Uludag University Faculty of Medicine. 

Inclusion Criteria 

      Patients who met the following five criteria were

included in the study: 1) diagnosed with RA according

to the 1987 revised ACR and/or 2010 ACR/EULAR

criteria, 2) >18 years old, 3) in remission according to

DAS28-CRP (DAS 28-CRP < 2.6), 4) no swollen joint

5) no disease exacerbation in the last 6 months, 6)

achieved stability of treatment in the last 6 months and

did not require a change of treatment. 

Patients using stable doses of nonsteroidal anti-inflam-

matory drugs (NSAIDs) and steroids (< 7.5 mg pred-

nisolone or equivalent taken orally every day) were

included in the study. 

Exclusion Criteria 

      Patients with RA who were younger than 18 years

of age, did not receive treatment, required a change of

treatment in the last 6 months, and were administered

intra-articular steroid injections into the wrist or other

joints during an examination within the last 6 months

were not included in the study. 

Clinical and Laboratory Evaluation 

      Clinical and physical assessments were per-

formed. This included the tender joint count (TJC),

swollen joint count (SJC), the physicians’ [physician

global assessment (PhGA)] and patients’ [patient

global assessment (PtGA)] visual analog scale (VAS)

scores (0-10), and Health Assessment Questionnaire

(HAQ) scores. All these parameters were evaluated by

a rheumatologist. ESR, CRP, rheumatoid factor (RF),

and anticyclic citrullinated peptide (anti-CCP) levels

were measured; DAS28-ESR, DAS28-CRP, CDAI,

SDAI values were calculated for each patient; and the

2011 ACR/EULAR Boolean remission criteria were
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evaluated. 

Ultrasonographic Evaluation 

      With respect to the US examination of the joints,

SH and PD scores were evaluated according to the

definitions of the Outcome Measures in Rheumatol-

ogy Clinical Trials and using a standard methodology

to assess synovial vascularity [23]. US was performed

by an experienced rheumatologist (SE). 

      On the same day, after clinical examination and

patient evaluation, seven joints including the 2nd and

3rdmetacarpophalangeal (MCP) joint, 2nd and 3rd prox-

imal interphalangeal joint (PIP), wrist (radiocarpal and

intercarpal joints), the 2nd and 5th metatarsophalangeal

(MTP) joints were evaluated bilaterally using US [24].

That is, a total of 14 joints were evaluated. SH was

evaluated using US, and PD was performed with the

6-18 MHz multifrequency linear-probe MyLab60

(ESAOTE, Genova, Italy) ultrasound machine. PD

pulse repetition frequency was set to 750 Hz. The

Doppler color gain setting was reduced until the arti-

facts under the bone cortex disappeared. 

      Each joint was semiquantitatively scored from 0

to 3 for B-mode SH and synovial PD signal. SH scor-

ing was as follows: 0 = no synovial hypertrophy, 1 =

mild, 2 = moderate, and 3 = severe; PD scoring was

as follows: 0 = normal/minimal vascularity, 1 = mild

hyperemia, 2 = moderate hyperemia, and 3 = distinct

hyperemia. US scores were expressed as the sum of

the scores obtained per joint for all the joints of each

patient [23]. 

The Definition of Remission

Clinical Remission 
      Remission criteria were determined to be DAS28-

CRP < 2.6, DAS28-ESR < 2.6, CDAI < 2.8, SDAI ≤

3.3, and 2011 ACR/EULAR remission criteria (At any

time point, a patient must satisfy all of the following:

TJC≤ 1, SJC ≤ 1, CRP ≤ 1 mg/dl and PhGA ≤ 1 (on a

0-10 scale) or Index-based definition at any time point,

a patient must have SDAI ≤ 3.3) [5, 25]. 

Ultrasonographic Remission 

      There are several different ultrasonographic remis-

sion criteria such as strict remission (all SH and PD =

0), a less strict remission (all SH and PD ≤ 1), and re-

mission criteria based solely on PD absence (PD = 0).

In the study remission criteria based solely on PD ab-

sence (PD = 0) was used as US remission criteria.

Statistical Analysis 

      The statistical analyses were performed using the

IBM SPSS Statistics for Windows, Version 21.0 (Ar-

monk, NY: IBM Corp.) statistical analysis package

program. The Kolmogorov–Smirnov test was used to

test whether the data were normally distributed. For

descriptive variables that did not fit the normal distri-

bution, median (minimum–maximum) values were

given. For the comparison of two independent groups,

the independent samples t-test was used for the vari-

ables that conformed to the normal distribution and

the Mann–Whitney U test was used for the variables

that did not conform to the normal distribution. The

chi-square test was used for qualitative variables that

did not fit the normal distribution. A univariable logis-

tic regression was conducted to investigate factors as-

sociated with the imaging outcomes. The significance

level was set at p = 0.05.

RESULTS

Demographic Data and Drugs Used 

The demographic data, remission criteria, using drugs,

laboratory and US findings of RA patients who receive

only csDMARD and both TNFi + csDMARD are

shown in Table 1. The median disease duration was 10

years and the remission duration was 12 months. The

disease duration in the combination group was found

to be significantly higher than that in the csDMARD

group (p = 0.035).  There was no difference between
the two groups in terms of the use of methotrexate

(MTX) (p = 1.00), leflunomide (LEF) (p = 0.416), sul-
fasalazine (SLZ) (p = 0.824), and hydroxychloroquine
(HCQ) (p = 0.846) (Table 1) With regard to the distri-
bution of TNFi use in the combination group, 23.6%

(n = 13) of the patients were using adalimumab, 21.8%

(n = 12) were using golimumab, 21.8% (n = 12) were

using certolizumab, 20% (n = 11) were using etaner-

cept, and 12.7% (n = 7) were using infliximab. 

Remission Rates Achieved for Each Remission Cri-

teria 

      Remission rates achieved for each remission cri-

teria were 82.9% (n = 87) for DAS-28 ESR, 55.2% (n

= 58) for CDAI, 58.1% (n = 61) for SDAI, 42.9% (n
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= 45) for 2011 ACR/EULAR Boolean remission cri-

teria. The proportion of patients meeting all the remis-

sion criteria was 10.5% (n = 11) (Table 1). 

The US Remission Rates According to Different

Clinical Remission Criteria

      US remission rates according to all the clinical re-

mission criteria were 57.1% (n = 60), 57.5% (n = 50),

53.4% (n = 31), 55.7% (n = 34), 57.7% (n = 26) for

DAS28 CRP, DAS 28 ESR, CDAI, SDAI,

ACR/EULAR remission criteria, respectively (Table

2). 

      When the remission rates in the combination and

csDMARD groups were compared according to dif-

ferent clinical remission criteria, no significant differ-

ence was observed between the two groups according

to DAS28-CRP, DAS28-ESR, CDAI, SDAI, and 2011

ACR/EULAR Boolean remission criteria (p = 0.693,
p = 0.828, p = 0.795, p = 0.796, p = 0.435, respec-
tively) (Table 2). 

Comparison of the Patients With Remission and Non-
Remission According to Different Clinical Remission
Criteria 
      The disease duration, remission duration, TJC,

ESR, and CRP values of patients in remission and

non-remission and the SH and PD scores determined

by the US were compared according to all the remis-

sion criteria (Table 3). No differences were found be-

tween remission and non-remission patients according

to the different clinical remission criteria in US find-

ings (p > 0.05). 

The Relationship between Ultrasonographic Score

and Other Findings 

      The relationship between PD-SH scores and the

disease duration, remission duration, ESR, CRP, RF,

anti-CCP, TJC, DAS28-CRP, DAS28-ESR, HAQ,

CDAI, SDAI, 2011 ACR/EULAR Boolean remission

criteria, PhGA, and PtGA were evaluated via logistic

regression. There was a positive correlation both be-

tween PD and SH score and disease and remission du-

ration. No correlation was found between US scores

and the other parameters (Table 4). 

DISCUSSION

This study investigated US remission using different

definitions of clinical remission criteria. US remission

rates according to all clinical remission criteria were

between %53.4-%57.7. There was no increase in US

remission rates as per the stricter remission criteria.

This suggests that current criteria may lack the sensi-

tivity necessary for accurate remission assessment.

Using US in addition to the clinical criteria would

prove to be more useful in evaluating remission. 

      In many studies, it has been reported that some of

the patients with RA in remission still have subclinical

synovitis and the frequency of the synovitis varies sig-

nificantly between 50% and 95% as per SH and be-

tween 15% to 60% as per PD scores [13, 26, 27].
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Consistent with other studies, ultrasonographic syn-

ovitis was found in 52%-74% of patients who were in

remission of them as per SH and in 40%-45% of them

as per PD in this study. In the literature, US remission

rates vary according to different remission criteria but

mostly vary between 35-58% [6, 28]. US remission

rates in this study were found to be similar to other

studies between patients who received only csD-

MARDs and those who received a combination of cs-

DMARD and TNFi [15, 16]. These results explain

why there is a high probability of relapse when the

drug is discontinued or its dose is reduced, even if a

patient has achieved clinical remission. 

      Different criteria are used to evaluate remission in

patients with RA. DAS28-CRP is a remission criterion

that is easy to calculate; thus, it is frequently used in

clinical practice. However, since this criterion can be

met (< 2.6) in patients with tender/swelling joints or

acute phase elevation, it may not accurately reflect the

absence of inflammation. DAS28-ESR is similar to

DAS28-CRP in reflecting clinical remission. SDAI

and ACR/EULAR remission criteria are known as the

more stringent criteria. In previous studies, only one

clinical remission criterion was used to evaluate re-

mission, and only a few studies have used and com-

pared different remission criteria [16, 27, 29-31]. In

these studies, US remission rates were different ac-

cording to different remission criteria. For instance,

Naredo et al. found that US remission rates were sig-
nificantly lower in patients in remission according to

DAS28 than that in patients in remission according to

SDAI [30]. Peluso et al. found that using ACR remis-
sion criteria showed fewer US remission than those

using the DAS28 remission criteria [31]. On the other
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hand, Balsa et al. [29] did not find any significant dif-
ference between the ACR/EULAR and DAS28 remis-

sion criteria. In addition to this, when SDAI was used,

US remission was found to be significantly lower

compared to that when ACR and DAS28 criteria were

used [29]. In the EULAR targeted therapy recommen-

dations updated in 2019, the ACR/EULAR Boolean

remission is now preferred over DAS28 remission be-

cause it is emphasized that ACR/EULAR remission

criteria are more stringent and reflect remission better

than other criteria [32]. Both SDAI and ACR/EULAR

remission criteria are considered more stringent meas-

ures of remission as it allows for the least abnormali-

ties of variables. In our study, although the remission

rates of patients who were in remission according to

DAS28 CRP were lower with SDAI and

ACR/EULAR remission criteria, which are evaluated

as stricter criteria, US remission rates did not change

under more stringent criteria. In our study, the 2nd and

5th MTP of the foot joints were also evaluated while

performing joint US examinations. The only criteria

that evaluate the foot joints are the 2011 ACR/EULAR

remission criteria. Therefore, it may be thought that

other remission criteria may miss the evidence of dis-

ease activity and misclassify patients as in remission

and US remission will be detected more frequently

with the ACR/EULAR remission criteria. However, it

was not as expected in our study. One possible reason

for this is that, including the foot joints, the patients

were in remission. The most likely explanation may

be that current clinical remission criteria are largely

subjective, do not take into account subclinical inflam-

mation, and neither clinical criterion is superior to the

other in demonstrating remission. 

Limitations 

      The most important limitations of this study are

that US evaluation was performed by a single physi-

cian and the study is a cross-sectional study with a lack

of long-term follow-up results. An important factor

that would strengthen the study is the fact that US

evaluation should be carried out by at least two physi-

cians and the reliability between the physicians should

be checked. Another limitation of this study is that the

dose and frequency of NSAIDs used by the patients

were not recorded. NSAIDs can modify the symptoms

and levels of synovitis by masking the clinical symp-

toms and signs.

Strengths 

      In previous studies, the presence of US remission

was evaluated according to one or two clinical remis-

sion criteria. In this study, US remission rates were in-

vestigated according to all remission criteria. 

CONCLUSION

This study underlines clinical remission criteria does

not clearly indicate the presence of remission and none

of the remission criteria are superior to each other to

evaluate the US remission. The accurate remission in

RA would not rely solely on clinical examination but

may require imaging to confirm the remission. 
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