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Abstract
Objective

To validate the diagnostic benefit of dual-energy computed tomography (DECT) and synovial fluid aspiration in 
suspected gout.  

Methods
A total of 43 patients with suspected gout underwent aspiration and DECT (320-row CT; Canon Medical Systems, Japan). 
The patients were assessed (gout vs. non-gout) based on the 2015 ACR/EULAR gout classification criteria using clinical 

and laboratory findings. The results were analysed by comparing two scenarios using McNemar test: 
Scenario A: ACR/EULAR criteria, followed by DECT results and aspiration findings. 

Scenario B: ACR/EULAR criteria, followed by aspiration and DECT results.  

Results
15/43 patients (34.9%) were positive for MSU crystals, and 16/43 patients (37.2%) for gouty tophi (DECT). 26/43 patients 

(60.5%) were diagnosed with gout and fulfilled the ACR/EULAR criteria. The diagnostic performance of either synovial 
fluid aspiration or DECT was similar with sensitivity of 58% and specificity of 100% and 94%, respectively. Combination 

of both modalities (at least one of them positive), resulted in increased sensitivity of 85% and unchanged specificity (94%). 
Based only on clinical and laboratory findings, 13/43 patients (30.2%) were classified as gout according to ACR/EULAR 

criteria. In scenario A, additional 8 out of 30 (26.7%) patients were diagnosed as gout by DECT findings, and another 
5/22 (22.7%) patients by aspiration findings. In scenario B, initial consideration of aspiration findings resulted in 10 out 

of 30 (33.3%) additionally identified patients, and another 3 (15%) patients by DECT findings. There was no relevant 
difference between scenarios A and B (p=0.508). 

Conclusion
Combination of joint aspiration and DECT improves the diagnostic algorithm for gout. In our attempt to establish an 

optimal sequence of diagnostic tests, we did not identify an advantage for either synovial fluid analysis or DECT as the 
initially better modality after clinical examination and analysis of blood tests. 
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Introduction	  
Gouty arthritis is the most common in-
flammatory joint disease in the indus-
trialised world and is characterised by 
sudden attacks due to activation of the 
innate immune system by monosodium 
urate (MSU) crystals (1-4). Further-
more, deposition of monosodium urate 
crystals in the joints and soft tissue can 
cause a destructive course of disease  
(5). The diagnosis is usually made on 
the basis of clinical findings in conjunc-
tion with laboratory tests especially el-
evated levels of uric acid. Additional di-
agnostic tests may be needed in patients 
with an atypical clinical presentation. 
The ACR/EULAR working group has 
proposed a set of criteria for the diag-
nosis of gout (6) based on the analy-
sis of synovial fluid obtained by joint 
aspiration as the gold standard (7, 8). 
Accordingly, the demonstration of bi-
refringent urate crystals on polarising 
microscopy is considered to be diag-
nostic of gout. However, joint aspira-
tion is invasive, involves discomfort to 
the patients, and may not be feasible 
in all cases (9). Therefore, a reliable 
imaging modality is highly desirable 
to confirm the diagnosis of suspected 
gout noninvasively. Dual-energy com-
puted tomography (DECT) has recently 
emerged as a beneficial imaging mo-
dality in these patients (10-15). While 
DECT was initially established on CT 
scanners with two x-ray tubes (dual-
source systems) (16-18), more recently, 
there have been attempts to develop 
approaches for also performing DECT 
on single-source CT scanners (19-23).  
A recent study has investigated the im-
pact of DECT on the therapeutic man-
agement of patients with gout (24). In 
the study presented here, we systemati-
cally compared synovial fluid analysis 
(MSU positivity) and DECT (demon-
stration of tophi) to define their diagnos-
tic performance after initial evaluation 
of patients based on clinical findings and 
laboratory testing according to the 2015 
version of the ACR/EULAR criteria for 
the diagnosis of gout. Our ultimate aim 
in conducting this study was to possibly 
establish a diagnostic algorithm for the 
use of DECT and synovial fluid aspira-
tion in confirming the diagnosis of gout 
in a clinical setting.

Methods 
Patients 	 
This prospective study enrolled patients 
presenting with unclear arthritis and 
suspected gout from December 2013 
through December 2016. The affected 
joint had to be accessible to synovial 
fluid aspiration. Exclusion criteria were 
age below 18 years and pregnancy. 
Eligible patients were screened and en-
rolled by an experienced rheumatologist. 
The study was approved by the local 
ethics committee (EA1/151/13) and 
authorised by the Federal Office for 
Radiation Protection (ref. Z5-22462/2-
2013-107). Written informed consent 
was obtained from all participants. The 
results are reported according to the 
STAndards for Reporting Diagnostic 
accuracy (STARD) (25).

Diagnostic procedures	   
All patients included underwent ultra-
sound-guided joint aspiration, which 
was performed by an experienced 
rheumatologist, and DECT. The or-
der of these two diagnostic tests was 
not fixed and primarily depended on 
availability of the methods. Therefore, 
part of the patients underwent DECT 
first, followed by synovial fluid aspi-
ration, while others first underwent 
aspiration and then DECT. The ac-
tual order in which the supplementary 
tests were performed had no effect 
on the order of analysis according to 
the algorithm presented in Figure 1.  
The 2015 ACR/EULAR gout classifi-
cation criteria served as the standard of 
reference for all steps of analysis (6).

DECT
DECT examinations were performed 
on a 320-row CT scanner with 16 cm 
detector width (Aquilion ONE, then 
Aquilion ONE Vision, Canon Medical 
Systems, Japan) using the dual-energy 
volume scan mode without table move-
ment. Scans were acquired with 80 
and 135 kVp (19). A fixed tube current 
without dose modulation was used, de-
pending on the joints examined and the 
availability of iterative reconstruction 
(see Table I). Rotation time was 0.275 
s (Aquilion ONE Vision) to 0.5 s (Aq-
uilion ONE) with a switching time of 
0.5 s, resulting in a total scan duration 



1063Clinical and Experimental Rheumatology 2018

DECT and joint aspiration for gout / A. Nötzel et al.

of 1.05 to 1.5 s. The datasets were ana-
lysed using the commercial dual-energy 
CT analysis software (v. 6, Canon Med-
ical Systems, Japan). While only the af-
fected elbow, ankle joint, and foot were 
scanned, bilateral scans were obtained 
of the knees and hands (26). A scano-
gram for planning was only acquired 
when the knee or ankle joints were ex-
amined. The DECT datasets were ana-
lysed in consensus by two radiologists 
with 6 years (TD) and 17 years of ex-
perience (KH) in musculoskeletal im-
aging. Both readers were blinded to the 
results of synovial fluid analysis and the 
clinical and laboratory findings.

Polarisation microscopy of 
synovial fluid
Polarisation microscopy of synovial 
fluid was performed by experienced 
rheumatologists or pathologists. Fail-
ure to obtain synovial fluid by aspira-
tion was classified as “not done“ in the 
analysis according to the ACR/EULAR 
criteria and as “negative” in the contin-
gency analysis.

Gold standard	  
The ACR/EULAR gout classification 
system of 2015 served as the gold stand-
ard (6). According to this classification 
system, gout is diagnosed in patients 
with a score ≥8 or MSU positivity.

Diagnostic algorithm	  
To establish a possible diagnostic algo-
rithm for the clinical use of DECT and 
synovial fluid aspiration, all patients were 
initially classified (gout vs. non-gout) 
by scoring them according to the ACR/
EULAR criteria. This first step served to 
identify those patients who were posi-
tive for gout based on the ACR/EULAR 
criteria alone (score of ≥8) without tak-
ing the results of DECT or synovial fluid 
analysis into account. In a second step, 
all patients negative for gout based on 
these criteria were reclassified by adding 
either the results of DECT (Scenario A) 
or the results of synovial fluid aspiration 
(Scenario B). Positive DECT findings 
(evidence of urate deposition) were con-
sidered by adding 4 points to the score. 
In a third step, patients who were still 
negative for gout were reclassified again 
by additionally taking synovial fluid as-
piration (Scenario A) or DECT findings 
(Scenario B) into account. The diagnos-
tic procedure is presented in Figure 1 
(including results). 

Statistical analysis	  
All data were compiled in an Excel ta-
ble, followed by a descriptive statisti-
cal analysis of the patient population. 
Patients’ characteristics in the group of 
gout versus non-gout were compared 
using an unpaired t-test. A contingen-

cy analysis for calculating sensitivity, 
specificity, positive predictive value 
(PPV), and negative predictive value 
(NPV) was performed for DECT, syn-
ovial fluid analysis and a combination 
of both (at least one positive) using 
the ACR/EULAR criteria as standard 
of reference. Scenarios A and B were 
tested for significant differences using 
the McNemar test. All analyses were 
conducted using IBM SPSS Statistics, 
v. 24. A p-value of less than 0.05 was 
considered significant.

Results
Patients	 
A total of 43 patients were included in 
the study after providing informed con-
sent. 26 patients were diagnosed with 
gout (one patient in addition to a known 
rheumatoid arthritis). Of the remain-
ing 17 patients five had the final diag-
nosis of undifferentiated arthritis, four 
of calcium-pyrophosphate-dehydrate 
arthropathy, three of osteoarthritis (one 
secondary after radiosynoviorthesis), 
two of a peripheral spondyloarthritis, 
one of rheumatoid arthritis, one of in-
fectious arthritis and one of acute my-
eloid leukaemia. A description of the 
study population is shown in Table II 
and the joints examined are listed in 
Table III. 

Results of synovial fluid analysis, 
DECT, and ACR/EULAR criteria
There were no complications related 
to synovial fluid aspiration or DECT. 
Microscopy of synovial fluid demon-
strated MSU crystals in 15/43 patients 
(34.9%) and no crystals in 20/43 pa-
tients (46.5%). Aspiration was unsuc-
cessful in 8/43 (18.6%) cases (punctio 
sicca). DECT demonstrated signs of 
gout in 16/43 patients (37.2%) (Fig. 2) 

Table I. Parameters of DECT by joint examined.

Joint	 Tube voltage of 	 Tube voltage of	 Exposure time	 Total mAs	 CTDIvol	 DLP	 Conversion	 EED
	 80 kVp [mA]	 135kVp [mA]	  [sec]		   [mGy]	  [mGy*cm]	 factor	  [mSv]

Hand 	 140	 25	 0.55	 45	 2.4	 38.5	 0.0008	 0.031
Elbow	 200	 35	 0.55	 64	 3.1	 48.8	 0.0008	 0.039
Knee*	 230	 40	 0.55	 74	 3.5/ 3.9	 56.0/ 62.2	 0.0004	 0.022/0.025
Ankle joint*	 200	 35	 0.55	 64	 3.1/ 3.4	 48.8/ 54.6	 0.0002	 0.010/0.011
Foot	 140	 25	 0.55	 45	 2.4	 38.5	 0.0002	 0.008

*Exposure parameters are provided with and without scanogram. EED is calculated by multiplying the DLP by the respective conversion factor: 0.0008 
for the hand and elbow, 0.0004 for the knee, and 0.0002 for the ankle joint and foot (33). CTDIvol: computed tomography dose index; DLP: dose-length 
product; EED: estimated effective dose. 

Table II. Patient characteristics.

	 Gout (n=26)	 Non-gout (n=17)	 p-value

Mean age	 56.85	±	14.66	 57.12	±	12.03	 0.950
Men	 22/26 (84.6%)	 14/17 (82.4%)
Women	 4/26 (15.4%)	 3/17 (17.7%)	
ACR/EULAR score	 10.42	±	3.37	 0.88	±	3.16	
Uric acid [mg/dl] (♀:2.3-6.1 ♂:3.6-8.2)	 8.59	±	1.66	 6.12	± 	1.96	 <0.001
CRP [mg/l] (>5)	 58.93	±	84.14	 84.33	±	105.82	 0.404
Leukocytes [/nl)] (3.9-10.5)	 10.79	±	5.11	 10.1	±	10.18	 0.782

CRP: C-reactive protein, p-values were calculated 0using an unpaired t-test. 
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Table III. Distribution of joints examined in the patient population. In three of the 43 patients (7%), different joints were examined by 
synovial fluid analysis and DECT.

Joint region	 Synovial fluid	 Synovial fluid	 Joint aspiration	 Total number of	 DECT positive	 DECT negative	 DECT total
	 analysis positive	 analysis negative	 failed	 joint aspirations	

Knee	 7/20 (35%)	 13/20 (65%)	 0/20 (0%)	 20	 6/17 (35%)	 11/17 (65%)	 17
Foot	 3/8 (37,5%)	 2/8 (25%)	 3/8 (37,5%)	 8	 3/8 (37,5%)	 5/8 (62,5%)	 8
Hand	 3/8 (37,5%)	 4/8 (50%)	 1/8 (12,5%)	 8	 2/9 (22%)	 7/9 (78%)	 9
Ankle joint	 1/5 (20%)	 1/5 (20%)	 3/5 (60%)	 5	 4/7 (57%)	 3/7 (43%)	 7
Elbow	 1/2 (50%)	 0/2 (0%)	 1/2 (50%)	 2	 1/2 (50%)	 1/2 (50%)	 2
Total	 15	 20	 8	 43	 16	 27	 43

Fig. 1. Diagnostic algorithm and results for the two scenarios investigated (either DECT or joint aspiration as first supplementary diagnostic test following 
scoring of patients based on clinical and laboratory findings). Scenario A presents the results for first adding the DECT findings and then the synovial fluid 
analysis. Scenario B presents the results for first adding the synovial fluid analysis results and then the DECT findings. *p calculated according to McNemar: 
there is no significant difference between the two scenarios.
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and no signs of tophi in 27/43 patients 
(62.8%). Overall, 26/43 patients (60.5%) 
were diagnosed with gout based on the 
ACR/EULAR criteria.

Analysis of sensitivity and specificity
Table IV summarises the results of the 
contingency analysis for calculation of 

sensitivities, specificities, PPVs, and 
NPVs of DECT, synovial fluid analysis, 
and the combination both (at least one 
positive).

Diagnostic algorithm	  
In the first step, 13 of 43 patients (30.2%) 
were diagnosed with gout on the ba-

sis of the ECR/EULAR criteria alone. 
The results for the procedure according 
to Scenario A (DECT before synovial 
fluid analysis) were as follows: 8/30 
patients (26.7%) with positive DECT 
findings were reclassified as positive 
for gout. One patient with positive 
DECT findings was still negative for 
gout (based on the total score), and 
21 patients remained negative because 
DECT findings were also negative. 
By considering the results of syno-
vial fluid aspiration for these 22 pa-
tients, 5 additional cases were reclas-
sified as positive for gout (22.7%).  
The results for the procedure according 
to Scenario B (synovial fluid analysis 
before DECT) were as follows: the re-
sults of synovial fluid analysis gave a 
diagnosis of gout in 10 of the 30 pa-
tients with initially negative results 
(33.3%). Three of the 20 patients who 
were negative for gout after addition 
of the synovial fluid analysis results 
(15%) were reclassified as positive 
based on additionally taking DECT 
findings into account. Two of the three 
patients reclassified after addition of 
DECT had a dry puncture (see Fig. 2).  
The results of the different diagnostic 
algorithms are summarised in Figure 
1 with no relevant differences between 
both scenarios (p=0.508). 

Discussion
The results of our study show that both 
DECT and synovial fluid analysis have 
low sensitivity (58%) but high speci-
ficity (94%/100%) in diagnosing gout. 
The combination of both diagnostic 
tests continues to have high specificity 
(94%) while sensitivity is increased to 
85%. Hence, our analysis did not reveal 

Fig. 2. 3D reconstructions of DECT 
scans obtained in 5 patients. The ACR/
EUAR scores are provided as clinical 
score + DECT (4 points if positive) 
and the total score in brackets. 
#1: 36-year-old man with a final di-
agnosis of gout. The reconstruction 
shows a gouty tophus of the right foot 
(white arrow). Positive joint aspiration 
and ACR/EULAR score of 7+4 (11).
#2: 69-year-old woman with a final di-
agnosis of gout. Multiple gouty tophi 
of the left knee (white arrows). Nega-
tive joint aspiration and ACR/EULAR 
score of 6+4 (10). 
#3: 56-year-old man with a final di-
agnosis of gout. The reconstruction 
shows multiple gouty tophi of the 
right foot (white arrows). Joint aspira-
tion failed and the ACR/EULAR score 
was 4+4 (8). 
#4: 52-year-old man with a final diag-
nosis of pseudogout. There are false-
positive gouty tophi of the left knee 
joint (white arrows). Joint aspiration 
negative, and ACR/EULAR score of 
1+4 (5). 
#5: 60-year-old woman with a final 
diagnosis of gout. Negative for gouty 
tophi of the right knee. Joint aspiration 
positive, and ACR/EULAR score of 
7+0 (7).

Table IV. Contingency analysis; sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) with 95% con-
fidence interval (CI) of synovial fluid aspiration, DECT, and combined aspiration/DECT: Note that synovial fluid aspiration and DECT, 
when analysed alone, have similar results for sensitivity, specificity, and PPV and NPV and that all parameters increased for combined 
synovial fluid aspiration/DECT.
 
Examination	 Outcome	 Gout	 Non-gout	 Sensitivity (CI)	 Specificity (CI)	 PPV (CI)	 NPV (CI)

Joint aspiration	 positive	 15	 0	 0.58	 1	 1	 0.61
	 negative	 11	 17	 (0.39 – 0.74) 	 (0.82 – 1)	 (0.8 – 1)	 (0.42 – 0.76)

DECT	 positive	 15	 1	 0.58	 0.94	 0.94	 0.59
	 negative	 11	 16	 (0.39 – 0.74)	 (0.73 – 1)	 (0.72 – 1)	 (0.41 – 0.75)

Joint aspiration/DECT	 positive	 22	 1	 0.85	 0.94	 0.96	 0.8
	 negative	 4	 16	 (0.66 – 0.94)	 (0.73 – 1)	 (0.79 – 1)	 (0.58 – 0.92)
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a clear advantage for either of the two 
tests and, therefore, we cannot derive a 
recommendation as to whether synovial 
fluid analysis or DECT should be used 
as the next diagnostic test following 
clinical examinations and laboratory 
tests in patients with suspected gout.  
While supplementary synovial fluid as-
piration from the joint space confirmed 
the diagnosis of gout in more patients 
compared with supplementary DECT 
(10 vs. 8 of 30), a limitation is that it is 
an invasive procedure that can only be 
performed by experienced clinicians. 
Furthermore, the risk of complications 
has to be taken into account. Therefore, 
the choice of the next diagnostic modal-
ity following clinical examination and 
laboratory testing should be made de-
pending on the local availability of CT 
and joint aspiration. In case that both 
tests are equally assessable, the less in-
vasive procedure (DECT) should be pre-
ferred. By using this approach, the risks 
of the joint aspiration can be avoided 
in patients with positive DECT results. 
Interestingly, there was a higher pro-
portion of patients with positive DECT 
findings than with positive synovial flu-
id findings among the patients already 
diagnosed with gout based on the ACR/
EULAR clinical and laboratory criteria. 
Compared with the literature, the ob-
served sensitivity of 58% for DECT in 
our study is below the published range 
of 64% to 100%, while the specificity 
of 94% was is in the range reported 
by others (83-96%) (27-30). Overall, 
the patients included in our study had 
an unclear clinical presentation. Such 
complex cases are a challenge for both 
therapeutic and diagnostic manage-
ment. This may explain the poor sensi-
tivity of both supplementary diagnostic 
tests in our study and at the same time 
corroborates the clinical experience 
with complex cases requiring extended 
diagnostic workup for confirmation of 
the diagnosis.
The DECT was performed on a special 
CT machine that allows for the acqui-
sition of two sequential volume scans 
(with 16 cm z-axis coverage) without 
table movement. This is a unique ap-
proach for dual-energy imaging. Other 
vendors have different solutions, e.g. 
dual-source systems that are equipped 

with two x-ray tubes, fast-kVp-switch-
ing or dual-layer detectors. Those 
techniques allow a simultaneous im-
age acquisition, however, that is not 
necessary for the tophus detection. All 
techniques have certain advantages 
and disadvantages regarding energy-
separation and quality of the basic 
images. Nonetheless, until now, no 
vendor has proven superiority for gout 
diagnostics or radiation dose. However 
in principle, our results can be trans-
ferred to conventional CT machines 
with sequential dual-energy image 
acquisition, e.g. two sequential spiral 
scans and co-registration by a software.  
Although our cohort of 43 patients is 
relatively small, the number allows 
adequate and valid analysis. Published 
studies are based on similar patient 
numbers (10, 29). Moreover, our popu-
lation included patients with different 
stages of gout. And we also included 
patients with failed aspiration into the 
analysis. This reflects the clinical situa-
tion and might help in transferring our 
results into clinical practice. The ACR/
EULAR gout criteria primarily rely on 
joint aspiration and clinical data, while 
imaging examinations such as DECT 
are of minor relevance. This is in line 
with the one false-positive DECT result 
in our study. In our study, we did not 
include ultrasound imaging that proved 
its value in previous studies. (31, 32). 
Whereas the majority of patients un-
derwent sonography before joint as-
piration, we focused on the DECT as 
primary subject to our analysis. Further 
studies may focus on a comparison of 
sonography and DECT for the diagno-
sis of gout in a similar way. A possible 
bias might result from the distribution 
of joints that were punctured for syno-
vial fluid aspiration: in nearly half of 
the patients, puncture was performed 
for synovial fluid aspiration from knee 
joints (20/43; 46.5%), which are easier 
to puncture than smaller joints. The 
CT protocol used in our study has a 
lower radiation exposure than proto-
cols used by other investigators (10, 
27-29); however, the protocol has been 
established in an earlier study (30). 
In conclusion, our results show that 
DECT, in conjunction with synovial 
fluid aspiration from an affected joint, 

has the potential to achieve high speci-
ficity in the diagnosis of gout. Our find-
ings further suggest that DECT cannot 
replace synovial fluid aspiration but 
should rather be regarded as a supple-
mentary diagnostic test. Overall, DECT 
has an important role as a noninvasive 
modality in the diagnostic cascade of 
suspected gout, especially in unclear 
cases or when synovial fluid aspiration 
has failed or is not possible. In our at-
tempt to establish an optimal sequence 
of diagnostic tests, we did not identify 
an advantage for either synovial fluid 
analysis or DECT as the best modality 
to use after clinical examination and 
analysis of blood tests. Our data thus 
suggest that the two diagnostic mo-
dalities investigated here are similar, 
and the decision to use either synovial 
fluid aspiration or DECT as the next 
diagnostic test should be based on the 
rheumatologist’s experience and local 
availability. Even if either of the two 
modalities is negative, it is worthwhile 
to use the other modality as well, as it 
will enable confirmation of the diagno-
sis in an additional 15 to 22% of cases. 
However, in view of invasiveness and 
possible complications, we would rec-
ommend using a DECT scan before es-
calating to the synovial fluid aspiration. 
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