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Effects of treatment with etanercept (Enbrel, TNRF:Fc) on
rheumatoid arthritis evaluated by Doppler
ultrasonography
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Objective: to estimate and visualise the efficacy of
treatment with etanercept (Enbrel) in patients with rheuma-
toid arthritis (RA) using colour Doppler and spectral
Doppler ultrasonography to determine the possible
changes in synovial perfusion during a one year observa-
tion period.
Methods: Eleven patients from the European multicentre
trial of the efficacy and safety of etanercept were included
in this study when transferred into the open label, long term
safety, and efficacy study. Before a scheduled dosage
increase to 50 mg/week they were examined clinically,
serologically, and by ultrasonography using the colour
Doppler pixels and the spectral Doppler resistance index
(RI) as indicators of inflammation. The patients were
re-examined at two weeks and at one year follow up
Results: The clinical activity decreased significantly from
baseline to week 2, but no significant changes were seen
from baseline to one year. The number of coloured pixels
in each region of interest decreased from baseline to week
2 with a median reduction of 60% (p=0.005). This effect
on the perfusion in the synovium could not be found after
one year of treatment. During the initial treatment we
detected an increase in synovial RI by spectral Doppler.
The median increase in peripheral resistance from baseline
to week 2 as estimated by the mean RI was 22.6%
(p=0.005). The increase in peripheral resistance was
maintained to some extent after one year (mean RI
increased by 18.8% p=0.074).
Conclusion: Ultrasonography seems to be a promising
tool for the detection of treatment response using spectral
Doppler and pixel estimation.

Ultrasound can depict soft tissue hyperaemia in musculo-

skeletal inflammatory disease1 and allows a sensitive

detection of synovitis.2–4 Disease activity and treatment

response may be estimated by Doppler ultrasound.5 6 In a pre-

vious study we found that the Doppler ultrasound technique

reliably measured synovial vascularisation (coloured pixels)

and flow pattern.6

During the progression of rheumatoid arthritis (RA),

angiogenesis in hypervascularised pannus appears to be a

prerequisite for damage to cartilage and bone.7 8 The

importance of tumour necrosis factor α (TNFα) in the inflam-

matory process has been indicated by several studies.9 10 The

release of TNFα results in local activation of vascular endothe-

lium, release of nitric oxide with vasodilatation, and increased

vascular permeability.11

The purpose of this study was to estimate and visualise the

efficacy of treatment with etanercept in patients with RA by

colour Doppler and spectral Doppler ultrasonography to

determine the possible changes in synovial perfusion during

one year.

PATIENTS AND METHODS
This study was conducted in accordance with local regula-

tions, with the Declaration of Helsinki, and with the ICH

guidelines for Good Clinical Practice in the European

Community.

The 11 patients in this study were part of a group of 13

patients who participated in a three month, double blind, pla-

cebo controlled, multicentre trial of the efficacy and safety of

etanercept (placebo n=3, 10 mg once weekly n=4, 10 mg

twice weekly n=1, 25 mg once weekly n=3, and 25 mg twice

weekly n=2) and an open label extension study of long term

safety and efficacy. Their mean age was 59 years (range 42–70)

and mean duration of RA 10 years (range 4–35). The 11

patients who continued in our ultrasound study all had an

increase in dose after the baseline evaluation. One of the 11

patients only participated until week 2 of the study, when the

patient was excluded owing to a borderline value of anti-DNA

antibodies. Two patients from the original etanercept study

group were not included in our study as they received an

unchanged dose of etanercept 25 mg twice weekly. The

patients were evaluated at baseline (n=11), week 2 (n=11),

and one year (n=10) of the open label trial to detect clinical,

serological, and ultrasonographic changes. No injections of

corticosteroids were given during the study.

To avoid bias in the ultrasound examination, five control

patients with a similar RA (two wrists and three metacarpo-

phalangeal joints) were also examined. All patients and

controls were examined on the same occasions and in a

randomised order by an ultrasound specialist not otherwise

involved in the treatment.

The baseline values of the 11 patients in this study have

been published previously.6

Ultrasonography
An Acuson Sequoia ultrasound system (Mountainview,

California, USA) was used for the ultrasonographic examina-

tions equipped with an 8–15 MHz linear array transducer with

a centre frequency of 13 MHz.

Blood flow in the synovial membrane of the target joints

was visualised with colour Doppler. The Doppler settings were

kept unchanged at all measurements. The target joints in this

study included five wrists and six metacarpophalangeal joints.
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On ultrasound examinations the borders of the region of

interest (ROI) were defined by an estimate of the synovial

membrane situated between the muscle/tendon above and the

bone surfaces below; in all cases examinations were per-

formed by one investigator to reduce variation. The number of

coloured pixels was expressed in relation to the total number

of pixels in the ROI as previously described.6

The resistance index (RI), defined as (peak systolic velocity

− end diastolic velocity)/peak systolic velocity, was measured

by spectral Doppler ultrasonography. Three arteries were

examined and the mean RI calculated. Low RI values correlate

with a low peripheral resistance, indicating an increased tissue

perfusion and increased disease activity.12 13

Measurements were repeated on the same joint at two

weeks and one year. Standard positioning of the probe in each

joint was attempted.

Statistics
Non-parametric statistical methods using the statistical pack-

age SPSS version 10.0 (SPSS Inc, Chicago, Illinois) were

applied with a level of significance of 0.05.

The visits were compared in pairs using the Wilcoxon

signed rank sum test. Correlation between the clinical and

ultrasonographic parameters was estimated by Spearman’s rs.

RESULTS
Table 1 gives the clinical and ultrasound data and the changes

during treatment with etanercept.

The clinical activity decreased from baseline to week 2 and

similar significant changes were found after one year of treat-

ment. Synovial thickness as measured by ultrasound did not

change from baseline to week 2 or from baseline to one year

(table 1). During the initial treatment, an increase in synovial

Table 1 Clinical and ultrasonographic data during the observation period

Baseline
Median (range)

2 Weeks
Median (range)

1 Year
Median (range)

VAS (mm) 66 (10–91) 33 (8–91)* 31 (10–70)**
HAQ 23 (1–43) 19 (0–40)* 18 (1–37)*
Morning stiffness (min) 75 (0–150) 30 (0–120)* 45 (0–120)*
ESR (mm/1st h) 40 (6–95) 21 (4–65)* 32 (8–83)
Doctor’s global assessment 6 (1–9) 4 (1–8)* 4 (1–7)*
Patient’s global assessment 7 (1–9) 4 (1–9)* 4 (1–9)*
Swelling of the target joint 2 (1–3) 1 (1–3)* 2 (0–2)
Synovial thickness (cm) 0.59 (0.24–1.09) 0.63 (0.21–0.95) 0.54 (0.27–0.68)
Coloured pixels per ROI 0.10 (0.00–0.43) 0.04 (0.0–0.21)** 0.11 (0.0–0.22)
Mean RI 0.82 (0.61–1.29) 1.06 (0.68–1.30)** 1.01 (0.76–1.37)

VAS, visual analogue scale; HAQ, Health Assessment Questionnaire; ESR, erythrocyte sedimentation rate;
ROI, region of interest; RI, resistance index.
Change in comparison with baseline: *p<0.05; **p<0.01.

Figure 1 Longitudinal scan of the right wrist at baseline with the radial bone marked as R, the carpus marked as C, and the extensor
digitorum tendon marked as T. The hypervascular nature of the synovium is illustrated with colour Doppler and the region of interest (the
hypertrophic synovium) is outlined. A false appearance of flow inside the bone is due to an artefact.
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RI was detected. The flow profile of the arteries measured with

spectral Doppler showed low vascular resistance—that is, they

showed a persistent flow during the diastole at baseline. The

number of coloured pixels per ROI decreased significantly

from baseline to week 2 (figs 1 and 2). This effect on the per-

fusion in the synovium could not be found after one year of

treatment. The mean RI increased from baseline to week 2 and

a tendency towards an increase was found after one year, but

this was not statistically significant.

DISCUSSION
We found that the spectral Doppler examination at baseline

was characterised by a diastolic flow—that is, the flow

persisted during the diastole. After two weeks of full

etanercept treatment, we found an increase in peripheral vas-

cular resistance in the synovium and a diminished number of

coloured pixels per ROI, indicating diminished flow in the

examined area. This corresponds well with previous findings

of decreased vascularity in synovial biopsy tissues from

patients treated with etanercept.14

TNFα induces local activation of vascular endothelium,

release of nitric oxide with vasodilatation, and increased vas-

cular permeability.11 Treatment which blocks this cytokine

would be expected to decrease vascular permeability and

diminish vasodilatation. We would expect spectral Doppler

ultrasound examination to show that treatment was associ-

ated with an increase in RI of the inflamed joint, a decrease in

the number of coloured pixels per ROI (diminished vasodila-

tation), and normalisation of the flow curve—that is,

diminished or non-existent diastolic flow. This corresponds

with our finding of an increase in peripheral vascular

resistance, reflecting a regression in the inflammatory activity.

In accordance with a recent observation of the acute effect

of etanercept,15 the most marked effect was seen in our

patients within the first two weeks. This was indicated both by

the increase in peripheral resistance and the decrease in

coloured pixels per ROI, corresponding with the improvement

in clinical parameters (including the diminished swelling in

the target joint). After one year, there was still a tendency

towards an increase in the peripheral resistance (that was not,

however, statistically significant at the 5% level), correspond-

ing to an improvement in such clinical variables as visual ana-

logue scale, Health Assessment Questionnaire, morning stiff-

ness, doctor’s global assessment, and patient’s global

assessment.

It may be concluded that ultrasonography is a promising

tool for the detection of treatment response using spectral

Doppler and pixel estimation.
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Figure 2 Longitudinal scan of the right wrist at week 2 with the radial bone marked as R, the carpus marked as C, and the extensor
digitorum tendon marked as T. The hypervascular nature of the synovium is illustrated with colour Doppler and the region of interest (the
hypertrophic synovium) is outlined. Compared with the baseline examination, there is a marked decline in Doppler activity at week 2 follow up
and most of Doppler activity found is localised outside the hypertrophic synovium, and is not used in our measurements.

180 Terslev, Torp-Pedersen, Qvistgaard, et al

www.annrheumdis.com

http://ard.bmj.com


REFERENCES

1 Newman JS, Adler RS, Bude RO, Rubin JM. Detection of soft-tissue
hyperemia: value of power Doppler sonography. AJR Am J Roentgenol
1994;163:385–9.

2 Backhaus M, Kamradt T, Sandrock D, Loreck D, Fritz J, Wolf KJ, et al.
Arthritis of the finger joints: a comprehensive approach comparing
conventional radiography, scintigraphy, ultrasound, and
contrast-enhanced magnetic resonance imaging. Arthritis Rheum
1999;42:1232–45.

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

4 Schmidt WA, Volker L, Zacher J, Schlafke M, Ruhnke M, Gromnica-Ihle
E. Colour Doppler ultrasonography to detect pannus in knee joint
synovitis. Clin Exp Rheumatol 2000;18:439–44.

5 Stone M, Bergin D, Whelan B, Maher M, Murray J, McCarthy C. Power
Doppler ultrasound assessment of rheumatoid hand synovitis. J Rheumatol
2001;28:1979–82.

6 Qvistgaard E, Rogind H, Torp-Pedersen S, Terslev L,
Danneskiold-Samsoe B, Bliddal H. Quantitative ultrasonography in
rheumatoid arthritis: evaluation of inflammation by Doppler technique.
Ann Rheum Dis 2001;60:690–3.

7 FitzGerald O, Bresnihan B. Synovial membrane cellularity and
vascularity. Ann Rheum Dis 1995;54:511–15.

8 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.

9 Garrison L, McDonnell ND. Etanercept: therapeutic use in patients with
rheumatoid arthritis. Ann Rheum Dis 1999;58(suppl 1):I65–9.

10 Spencer-Green G. Etanercept (Enbrel): update on therapeutic use. Ann
Rheum Dis 2000;59(suppl I):i46–9.

11 O’Dell JR. Anticytokine therapy—a new era in the treatment of
rheumatoid arthritis? N Engl J Med 1999;340:310–12.

12 Bude RO, Rubin JM. Effect of downstream cross-sectional area of an
arterial bed on the resistive index and the early systolic acceleration.
Radiology 1999;212:732–8.

13 Adamson SL. Arterial pressure, vascular input impedance, and
resistance as determinants of pulsatile blood flow in the umbilical artery.
Eur J Obstet Gynecol Reprod Biol 1999;84:119–25.

14 Baeten D, Kruithof E, Van den Bosch F, Demetter P, Van Damme N,
Cuvelier C, et al. Immunomodulatory effects of anti-tumor necrosis factor
alpha therapy on synovium in spondylarthropathy: histologic findings in
eight patients from an open-label pilot study. Arthritis Rheum
2001;44:186–95.

15 Hau M, Kneitz C, Tony HP, Keberle M, Jahns R, Jenett M. High
resolution ultrasound detects a decrease in pannus vascularisation of
small finger joints in patients with rheumatoid arthritis receiving treatment
with soluble tumour necrosis factor alpha receptor (etanercept). Ann
Rheum Dis 2002;61:55–8.

www.annrheumdis.com

If you wish to comment on any article published in Annals of the Rheumatic Diseases you can send an

eLetter using the eLetters link at the beginning of each article. Your response will be posted on

Annals of the Rheumatic Diseases online within a few days of receipt (subject to editorial screening).

eLetters

Have your say

Treatment of RA with etanercept 181

www.annrheumdis.com

http://ard.bmj.com

