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Background/Aims: To investigate the rate of detection of monosodium urate 
(MSU) crystals in the synovial fluid (SF) of patients with acute gouty arthritis and 
factors associated with false-negative results.
Methods: A total of 179 patients with acute gouty arthritis who had undergone SF 
crystal examination were identified from the data warehouse of two university 
hospitals. Clinical and laboratory data were obtained from the medical records. 
Results: The overall rate of detection of MSU crystals was 78.8%. In univariate 
analyses, the only significant differences between the variables of crystal-negative 
and crystal-positive patients were a lower C-reactive protein level (p = 0.040) and 
fewer patients undergoing emergent surgery in the crystal-positive group (p = 4.5 
× 10-6). In logistic regression analyses, MSU crystal-negative results were signifi-
cantly associated with the interval from arthritis onset to crystal examination (p 
= 0.042), and this was the most significant risk factor for arthroscopic surgery (p 
= 2.1 × 10-4). Seventeen patients who underwent arthroscopic surgery had a sig-
nificantly longer hospital stay (p = 0.007) and a significant delay in gout treatment 
(p = 8.74 × 10-5). The distribution of crystal-negative patients differed significantly 
between the SF samples that were evaluated by both the laboratory medicine and 
the rheumatology departments (p = 1.2 × 10-14), and the κ value was 0.108.
Conclusions: Although several clinical features were associated with detection 
failure, SF MSU crystal identification was critically dependent on the observer. 
Considering the impact on the treatment outcomes, implementation of a quality 
control program is essential. 
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INTRODUCTION

Gout is the most common form of crystal-induced 
arthritis and results from the deposition of monosodi-

um urate (MSU) crystals in the joints. The global bur-
den of this condition is substantial and is increasing 
[1]. The prevalence of gout in Korea was reported to be 
0.4% in 2008 and increased by 2.3-fold from 2001 to 
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2008 [2]. As gout is a potentially curable disease, an ap-
propriate diagnosis is essential to achieve a successful 
treatment outcome. 

A clinical diagnosis of acute gouty arthritis can be 
made on the basis of a typical presentation, according 
to the 1977 criteria of the American College of Rheu-
matology (ACR) and recommendations from the Euro-
pean League Against Rheumatism (EULAR) [3,4]. 
However, episodic acute arthritis, a hallmark of gout, 
can also develop in patients with various other diseas-
es [5]. Therefore, acute attacks with rapid development 
of severe pain, swelling, and overlying erythema are 
not specific for gout. Gouty tophus may be confused 
with rheumatoid nodules or tophaceous pseudogout. 
Furthermore, hyperuricemia, a major risk factor of 
gout, is not a key diagnostic sign. Only 16% of males 
with hyperuricemia had gout [6] and one quarter of 
patients with gout attacks showed normouricemia in 
Korea [7]. Especially, in cases with chronic or polyar-
ticular gout, it may be difficult to establish a diagnosis 
of gout based on clinical f indings. In this context, 
identification of MSU crystals is considered the gold 
standard for diagnosis of gout, although the sensitivi-
ty of detection of MSU crystals in the synovial f luid 
(SF) varies from 50% to 84% [3,8-11]. 

There have been no studies regarding the sensitivity 
of SF crystal examination and the factors associated 
with false-negative results in Korean patients with 
gout. In the present study, we investigated the detec-
tion rate of SF MSU crystals in patients with acute 
gouty arthritis and the clinical factors associated with 
false-negative results by comparing crystal-positive 
and crystal-negative patients.

METHODS

Data sources and study subjects
All data in the present retrospective study were collect-
ed from the clinical data warehouse of two university 
hospitals. We searched the data warehouse to identify 
patients with a diagnosis of gout, who had undergone 
SF examination from October 1999 to September 2011. 
After a review of the medical records of 217 patients (238 
SF samples), 16 patients with unclassified acute arthri-
tis (16 samples), 13 patients with intercritical gout with-

out acute symptoms (14 samples), seven pseudogout 
patients (eight samples), one osteoarthritis patient, 
and one patient with concomitant septic and gouty 
arthritis were excluded. A total of 179 patients (198 SF 
samples) were classified as having acute gouty arthritis 
according to the 1977 ACR classification criteria (Fig. 
1) [3]. The study was approved by the local ethics com-
mittees (IRB-No. B-0506/021-004 and H-1304-020-
478).

Clinical and laboratory variables
Demographic data and clinical features, including 
the number of involved joints, interval from onset of 
symptoms to SF analysis, associated systemic symp-
toms, and treatment, were collected. In addition, 
patient histories regarding medications, alcohol con-
sumption, and comorbidities were obtained. Laborato-
ry variables were acquired on the day of arthrocentesis.

MSU crystals in the SF samples were identified by 
the Department of Laboratory Medicine (LM) and/or 
Rheumatology (RH) in both hospitals. Polarized light 
microscopy (Eclipse E600POL, Nikon, Tokyo, Japan; 
Axioscope A1, Carl Zeiss, Jena, Germany) was used to 
identify needle-shaped crystals with strong negative 
birefringence. Of the 198 samples, 123 (62.1%) were ex-
amined by both the LM and RH departments, 68 
(34.3%) were examined by only the LM department, 

238 Cases identified from the clinical data warehouse

40 Cases excluded: 
   14 Intercritical period of gout 
     8 Pseudogout
     1 Osteoarthritis
     1 Concomitant septic arthritis
   16 Unspecified arthritis

7 SF crystal 
examination 

performed only by 
Rheumatology

123 SF crystal 
examination 

performed by both
departments

68 SF crystal 
examination 

performed only by 
Laboratory Medicine

198 Acute gouty arthritis

(Using a laboratory code of SF crystal examination and diagnosis
codes of gout, idiopathic gout, secondary gout, acute gouty arthritis,

chronic gouty arthritis or acute gouty attack)

Figure 1. Sampling scheme of patients included in the study. 
Acute gouty arthritis was diagnosed based on the American 
College of Rheumatology criteria for classification of acute 
arthritis for primary gout [2]. SF, synovial fluid.
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and seven (3.5%) were examined by only the RH de-
partment (Fig. 1). Therefore, the department perform-
ing the analysis was considered a categorical variable. 
The presence of MSU crystals was defined as the qual-
itative identification of crystals by either the LM or 
RH department in a SF sample. The 198 cases were 
classified into crystal-positive (156 cases, 78.8%) and 
crystal-negative (42 cases, 21.2%) groups. 

Statistical analysis 
All continuous variables are expressed as means and 
standard deviations. Student t test was used for com-
parison of continuous variables between the MSU 
crystal-positive and MSU crystal-negative groups. The 
chi-square test, Fisher exact test, or McNemar test 
was used as applicable for comparison of categorical 
variables. Cohen’s κ index was used for analysis of con-

cordance between the results of crystal examinations 
performed by the LM and RH departments. Multi-
variate logistic regression analysis was performed to 
determine the variables independently associated with 
false-negative results for the SF crystal examination or 
surgical treatment. Variables with p < 0.1 in univariate 
analyses were subjected to all regression models. 
All statistical analyses were performed using PASW 
version 18 (SPSS Inc., Chicago, IL, USA), and p < 0.05 
was taken to indicate statistical significance.

RESULTS

Clinical characteristics of study subjects 
The clinical characteristics of the study subjects are 
summarized in Table 1. The subjects were predom-

Table 1. Clinical and laboratory features of patients with acute gouty arthritis 

Demographic and clinical feature Value

Male sex  169/179 (94.4)

Age at diagnosis, yr      62.6 ± 16.4

First gout attack   87/198 (43.9)

Chronic tophaceous gout   40/194 (20.2)

No. of involved joint      2.2 ± 2.1

Interval from symptom onset to synovial fluid examination, day      3.3 ± 3.5

Comorbidity 

Hypertension   95/196 (48.0)

Diabetes   55/196 (27.8)

Stage II–IV chronic kidney disease   81/196 (40.9)

End-stage renal disease on dialysis    7/197 (3.6)

Coronary heart disease   34/207 (16.4)

Current alcohol intake 104/192 (52.5)

Medication

Diuretics (thiazide and loop-diuretics)  47/196 (23.7)

Cyclosporine   7/198 (3.5)

Pyrazinamide   5/196 (2.5)

Laboratory finding  

Blood white blood cells count, × 103/μL    10,466 ± 3,951

Serum C-reactive protein, mg/dL      10.3 ± 8.6

Serum creatinine, mg/dL      1.6 ± 1.2

Serum uric acid, mg/dL       8.3 ± 2.5

Synovial fluid white blood cells count, no./μL       21,360 ± 28,391

Values are presented as mean ± SD or number/total number (%).
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inantly male (169/179; 94.4%). The mean ± SD age at 
onset of gout was 62.6 ± 16.4 years and the mean dis-
ease duration was 11.3 ± 7.2 years. Eighty-seven patients 
(43.9%) had experienced their first gout attack and 40 
patients (20.2%) had chronic tophaceous gout. Eighty-
one patients (40.9%) had stage II to IV chronic kidney 
disease and 104 patients (52.5%) currently consumed 
alcohol. Fever was present in 26/196 cases (13.1%) and 
the mean number of involved joints was 2.2 ± 2.1. The 
time interval from the onset of acute arthritis symp-
toms to SF analysis was 3.3 ± 3.5 days. Hyperuricemia 
was noted in 86% (160/186) of male patients and 100% 
(12/12) of female patients. Peripheral blood leuko-
cytosis (> 10,000/mm3) was observed in 89/185 cases 
(48.1%) at the time of SF analysis. Nineteen cases (9.0%) 
showed SF leukocytosis of ≥ 50,000/mm3.

When stratified by institutions, there were no differ-
ences in clinical characteristics between gout patients 
diagnosed by each hospital, with the exception of dis-
ease duration (13.5 ± 7.0 years vs. 9.9 ± 7.4 years; p = 0.001 
by t test). The distributions of crystal-positive and crys-
tal-negative cases were comparable between the two 

hospitals. When subgroups based on the departments 
that performed the crystal examination were com-
pared, the number of cases with monoarticular in-
volvement examined by the LM department was great-
er than that examined by both departments (74.6% vs. 
48.4%, respectively; p = 0.001 by chi-square test). 

Clinical factors associated with MSU crystal-negative 
gout
Overall, the detection rate of MSU crystals was 78.8% 
(Table 2). There were no differences in the distribution 
of comorbidities, current medications, patients cur-
rently consuming alcohol, SF or peripheral blood leu-
kocyte counts, and levels of serum uric acid between 
crystal-positive and crystal-negative patients on uni-
variate analyses. However, the crystal-negative group 
had significantly lower levels of serum C-reactive pro-
tein (CRP, 8.1 ± 6.5 mg/dL vs. 10.9 ± 9.1 mg/dL, respec-
tively; p = 0.04 by t test), and tended to have a longer 
time interval between the onset of gout attacks and SF 
analysis (4.5 ± 5.1 days vs. 3.0 ± 2.8 days, respectively; 
p = 0.087) compared to the crystal-positive group. On 

Table 2. Clinical and laboratory variables in crystal-positive and crystal-negative patients 

Variable
Univariate Multivariate

Crystal (+)
(n = 159)

Crystal (–)
(n = 42)

p value OR 95% CI p value

Age, yr    63.7 ± 15.9  58.5 ± 17.8 0.068 0.986 0.957–1.016 0.049

Disease duration, yr   11.1 ± 7.2  12.6 ± 8.3 0.225    - -    -

Hypertension   76/155 (49.0) 19/41 (46.3) 0.759    - -    -

Diabetes  43/155 (27.7) 12/41 (29.3) 0.847    - -    -

Chronic kidney disease  69/155 (44.5) 12/41 (29.3) 0.078 0.678 0.266–1.727 0.416

End-stage renal disease on dialysis  5/156 (3.2) 2/41 (4.9) 0.607    - -    -

Coronary artery disease 29/158 (18.7)  5/41 (12.2) 0.327    - -    -

No. of involved joint    2.2 ± 2.2 2.0 ± 1.9 0.618    - -    -

Fever at hospital visit  22/158 (14.2) 4/41 (9.8) 0.456    - -     -

Interval from attack onset to 
arthrocentesis, day

    3.0 ± 2.8 4.5 ± 5.1 0.087 1.105 1.004–1.216 0.042

Laboratory finding 

Blood WBC count, × 103/μL  10.6 ± 4.1 9.9 ± 3.4 0.386    - -    -

CRP, mg/dL  10.9 ± 9.1 8.1 ± 6.5 0.040 0.965 0.913–1.020 0.965

SF WBC count, × 103/μL    20.3 ± 28.8 24.9 ± 27.0 0.386    - -    -

Serum uric acid, mg/dL    8.2 ± 2.5 8.6 ± 2.5 0.431    - -    -

Values are presented as mean ± SD or number/total number (%).
OR, odds ratio; CI, confidence interval; WBC, white blood cells; CRP, C-reactive protein; SF, synovial fluid.
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multivariate regression logistic analysis, a longer in-
terval from the onset of arthritis to SF analysis (odds 
ratio [OR], 1.105; 95% confidence interval [CI], 1.004 to 
1.216; p = 0.042) and younger age (OR, 0.986; 95% CI, 
0.957 to 1.016; p = 0.049) remained significantly associ-
ated with negative results for MSU crystals. 

We repeated the analysis after stratification by test-
ing department. In the samples examined by the LM 
department alone, crystal-negative gout had a signifi-
cantly longer interval from onset of symptoms to SF 
crystal examination (4.7 ± 5.6 days vs. 2.3 ± 2.0 days, re-
spectively; p = 0.036 by t test) and tended to have a 
greater number of involved joints (1.7 ± 1.2 vs. 1.2 ± 0.6, 
respectively; p = 0.05) compared to the crystal-positive 
patients. 

Interobserver variability of the analysis of MSU  
crystals in SF 
Although the detection rate of MSU crystals was 51.8% 
in samples examined by the LM department, it was 
93.8% in those examined by the RH department. Due to 
this discrepancy, we evaluated interpretative agreement 
for MSU crystal identification using 123 samples, where 
polarized microscopic examination was conducted by 
both departments (Table 3). The detection rate of MSU 
crystals was signif icantly different between the two 
departments (93.5% by the RH department vs. 51.2% by 
the LM department; p = 1.19 × 10-14 by McNemar test) 
and the κ index was 0.108, which indicated a slight de-
gree of agreement according to Landis and Koch [12]. 
In addition, on multivariate analysis using the testing 
department as a variable, crystal examination by the 
LM department alone was the most significant variable 
associated with crystal-negative gout (OR, 36.996; 95% 
CI, 9.731 to 140.648; p = 1.16 × 10-7).

Treatment and clinical course after SF crystal   
examination
Most patients with a diagnosis of acute gouty arthri-
tis received nonsteroidal anti-inf lammatory drugs 
(40.9%), colchicine (48.5%), or intraarticular glucocor-
ticoid injection (18.7%). Intraarticular glucocorticoid 
injection was used less frequently in crystal-negative 
compared to crystal-positive patients (7.1% vs. 21.8%, 
respectively; p = 0.043 by Fisher exact test), whereas the 
rates of use of other drugs were comparable in both 
groups. The 17 patients who underwent emergent 
arthroscopic drainage consisted of more crystal-neg-
ative than crystal-positive patients (26.2% vs. 3.8%, 
respectively; p = 4.48 × 10-6 by chi-square test) (Table 
4). Preoperatively, 58.8% (10/17) of the SF samples were 
reported to be crystal-negative by the LM department. 
The orthopedic surgeons had decided on emergent 
arthroscopic drainage based on suspected septic ar-
thritis; however, all cases had clearly visible crystalline 
deposits in the joints (four ankle joints and 13 knee 
joints) and negative SF and/or blood culture results. 
In multivariate logistic regression analysis, negative 
results for MSU crystal examination (OR, 23.760; 95% 
CI, 4.451 to 126.843; p = 2.10 × 10-4), the presence of fever 
(OR, 15.123; 95% CI, 2.739 to 83.503; p = 0.002), and the 
first episode of acute gouty arthritis (OR, 6.954; 95% 
CI, 1.577 to 30.662; p = 0.01) were independent risk fac-
tors for emergent surgery. 

Patients undergoing arthroscopic surgery had a sig-
nif icantly longer hospital stay than the 19 patients 
(10.5%) hospitalized for medical treatment (18.4 ± 12.6 
days vs. 8.9 ± 6.7 days, respectively; p = 0.007 by t test). 
Furthermore, anti-inf lammatory drugs for gouty at-
tacks were administered significantly later in patients 
undergoing surgical treatment than in those receiving 
medical treatment (5.0 ± 3.4 days vs. 0.4 ± 0.8 days, re-

Table 3. Detection rates of monosodium urate crystals according to the department performing the examination 

Both departments
RH only LM only Overall

RH LM 

Crystal- positive 115 (93.5) 64 (51.2)  7 (100.0) 35 (51.5) 156 (78.8)

Crystal- negative  8 (6.5)  59 (49.8) 0  33 (48.5)  42 (21.2)

Total 123 7  68 198 

Values are presented as number (%).
RH, Department of Rheumatology; LM, Department of Laboratory Medicine.
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spectively; p = 8.74 × 10-5 by t test).

DISCUSSION

Detection of MSU crystals in SF or tophus aspirates 
has been the “gold standard” in the diagnosis of gouty 
arthritis since McCarty and Holander [13] identified 
the crystals in gouty SF. The recent EULAR recom-
mendations indicated that MSU crystal identification 
has a specificity of 100% (95% CI, 99 to 100) and a like-
lihood ratio of 566.60 (95% CI, 35.5 to 9,053.5). However, 
SF MSU crystals may not be found in up to 25% of 
patients with acute gouty arthritis [14]. The suggested 
causes of MSU crystal detection failure include SF 
sampling error, the presence of only ultramicroscopic 
crystals (i.e., crystals too small to be observed by mi-
croscopy), the presence of only spherical “beach ball-
like” crystals, and the dissolution of crystals [15,16]. 

In the present study, delay in visiting the hospital 
was the only significant clinical factor associated with 
crystal-negative gout on multivariate analysis. Sponta-
neous resolution within approximately 2 weeks is a 
characteristic feature of acute gouty arthritis. The 
mechanisms underlying the self-limiting nature of 
gouty inf lammation may include a decrease in MSU 
crystal load, changes in crystal-coating proteins, clear-
ance of apoptotic neutrophils, and induction of an-
ti-inf lammatory cytokines, including transforming 
growth factor (TGF)-β, from MSU crystal-stimulated 
macrophages [17,18]. With regard to the load of MSU 
crystals, myeloperoxidase and superoxide anion can 

digest or dissolve the crystals, and noninflammatory 
macrophages (differentiated from initially immature 
monocytes) can more avidly take up MSU crystals [19]. 
Pascual et al. [20] found that the number of MSU crys-
tals per field decreased in the second SF samples that 
were aspirated 6 to 8 days after the first SF aspirate was 
obtained. Thus, the later the SF sample is aspirated 
from gout patients, the greater the decrease in MSU 
crystal load that can be expected. von Essen and Holtta 
[21] reported that the incidence of false-negative results 
was 0% to 38% when MSU crystals were abundant and 
up to 67% when they were rare. However, MSU crystals 
are detectable even in SF samples from patients with 
subclinical arthritis or intercritical gout [22]. In addi-
tion, the mean difference in interval from onset of 
symptoms to SF aspiration was only 1.6 days in the 
present study. Therefore, the delay in visiting the hos-
pital could not be considered critical to the failure of 
MSU crystal detection.

In the present study, the number of cases examined 
by technicians from the LM department was higher 
than that examined by clinicians (192 samples vs. 134 
samples, respectively). In a survey in the United King-
dom, crystal examination was performed by more 
technicians (69%) than clinicians (31%) [23]. This is 
partly because clinicians may not have sufficient time 
to examine SF samples immediately. In addition, non-
rheumatologists who treat patients with acute arthritis 
lack experience in SF evaluation or have limited access 
to polarized microscopy equipment. Missing data in 
the present study may have another cause; rheumatol-
ogists performed SF crystal examination without a 

Table 4. Treatments used in crystal-positive and crystal-negative patients  

Variable
Crystal (+)
(n = 156)

Crystal (–)
(n = 42)

p value

Medical treatment

Nonsteroidal anti-inflammatory drug 62 (41.0) 17 (40.5) 0.949

Intraarticular steroid 34 (21.8)  3 (7.1) 0.043

Colchicine 80 (51.3)  16 (38.1) 0.129

Oral steroid 40 (25.6)  9 (21.4) 0.574

Interval from arthrocentesis to medical treatment, day 0.6 ± 1.5  1.5 ± 2.4 0.036

An emergent arthroscopic surgery 6 (3.8) 11 (26.2) 4.48 × 10-6

Hospitalization due to acute gouty arthritis 22 (14.1) 14 (33.3) 0.004
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laboratory order because the Korean National Health 
Insurance Corporation reimburses the service only 
when it is performed by clinical pathologists. Regard-
less of the cause, sending the sample to a laboratory for 
crystal examination could increase the risk of a 
false-negative result due to the delay in SF analysis. 
Kerolus et al. [24] reported that the number of SF leu-
kocytes decreased within a few hours after SF aspira-
tion and the MSU crystals became smaller in size and 
number and less birefringent over time. As SF crystal 
examination is conducted only during regular hours 
in the LM departments of our hospitals, it is possible 
that the delay in examination contributed to the 
false-negative results. 

More importantly, SF crystal examination is known 
to be observer-dependent even though the accuracy is 
high if the test is performed by experts. In a recent 
systematic review, Swan et al. [14] reported that the an-
alytical sensitivity ranged from 63% to 78%. Interob-
server reliability (κ) was reported to range from 0.35 to 
0.63 [8]. The present study showed poor interobserver 
reliability (κ, 0.108) and a marked difference in detec-
tion rate between the LM and RH departments (51.8% 
vs. 93.8%). Pascual et al. [22] detected the crystals in the 
first microscopic field in 61% of samples and in the 
first 5 fields in 90% of samples. The number of fields 
examined by the RH and LM departments, before the 
absence of MSU crystals was decided, may be different. 
Although technicians at the LM departments are not 
aware of the clinical status of the patients, rheumatol-
ogists, who highly suspect gout in a patient, exert 
greater effort in detecting the crystals. Another expla-
nation for the difference in detection rate between the 
departments may involve training process in SF analy-
sis. In the present study, the LM department analyzed 
approximately seven to nine SF samples for gout per 
year (191 SF samples analyzed at two institutes over 12 
years) . Considering the change in the techni-
cian-in-charge at the LM department, the level of ex-
perience may not be adequate for accurate SF crystal 
analysis. In contrast, in the RH departments at each 
hospital, most SF crystal analyses were performed un-
der the supervision of faculty. Lumbreras et al. [25] re-
ported that inexperienced residents demonstrated a 
sensitivity of 95.3% and specificity of 97.2% (κ index, 
0.93) for identification of MSU crystals after a 3-month 

training course. Therefore, an appropriate training 
program in crystal identification should be developed 
to reduce the occurrence of false-negative results.

Ho and DeNuccio [26] reported that 17 of 67 patients 
(25.3%) with acute gouty arthritis or pseudogout experi-
enced delayed diagnosis or ineffective treatment before 
rheumatologic consultation. In the present study, 16 
patients (8.9%) underwent emergent arthroscopic sur-
gery due to suspected septic arthritis before rheuma-
tology consultation. As clinical manifestations of septic 
and crystal-induced arthritis often overlap and the 
mortality rate of septic arthritis is high, it is recom-
mended that patients with acute arthritis with overly-
ing erythema should be treated as having septic ar-
thritis until proven otherwise [27]. Moreover, the 
presence of MSU crystals in the SF aspirates does not 
conclusively exclude the possibility of an infectious 
process, as several groups have reported the coexis-
tence of septic arthritis in patients with acute gout at-
tacks (0.5% to 4% of crystal proven gout or 1.3 to 2 cases 
per year) [27-31]. However, our results demonstrated 
that failure to detect MSU crystals negatively affects 
the outcome in patients with acute gouty arthritis. Pa-
tients undergoing surgical drainage were hospitalized 
for a longer period and received the recommended 
treatment for acute gouty arthritis significantly later 
than those who received medical treatment alone. 

In conclusion, a false-negative result can lead to a 
significant delay in proper diagnosis and treatment as 
MSU crystal examination has unique diagnostic value. 

KEY MESSAGE

1. The overall rate of false-negative results for 
synovial f luid monosodium urate (SF MSU) 
crystal examination in the present study (the 
first conducted on this topic in Korea) was 21.2%. 

2. False-negative results for MSU crystal examina-
tion were associated with surgical treatment, 
and led to significantly longer hospital stays and 
delays in adequate treatment for acute gouty ar-
thritis. 

3. As the detection of SF MSU crystals is highly 
observer-dependent, an appropriate quality-
control program is required.
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As the identification of SF MSU crystals is largely ob-
server-dependent, systematic efforts should be made 
to improve the diagnostic performance of microscopic 
examination for MSU crystals. 
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