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Abstract

Objectives: Identification of monosodium urate (MSU) and calcium pyrophosphate (CPP)
crystals in synovial fluid should ideally be performed within 24 h to ensure optimal diagnos-
tic accuracy for gout and CPP arthritis. However, crystal identification is often delayed in
community-based healthcare facilities due to limited access to specialists or necessary equip-
ment. This study aimed to determine whether MSU and CPP crystals remain detectable in
synovial fluid after two weeks of storage at 4 °C and —20 °C. Methods: Anonymized syn-
ovial fluid samples were obtained from Thammasat University Hospital between February
and March 2024. All samples underwent an initial round of crystal identification using
compensated polarized light microscopy, conducted by two experienced examiners blinded
to the clinical diagnosis. Following the initial analysis, each sample was divided into two
equal portions and placed in ethylenediaminetetraacetic acid (EDTA)-coated tubes. One
portion was stored at 4 °C, while the other was frozen at —20 °C. After two weeks, all
samples underwent a second round of crystal identification. Results: Forty-nine samples
were included for the first evaluation; MSU and CPP crystals were identified in 14 and
6 samples, respectively. On the second examination, MSU crystals were detectable in 13/14
(92.8%) samples stored at 4 °C and 12/14 (85.7%) samples stored at —20 °C. However, CPP
crystals were detectable in 2/6 (33.3%) samples stored at both temperatures. No new crystal
formation in initially negative samples was observed. Conclusion: MSU crystals remain
detectable in synovial fluid for up to two weeks when stored in a standard refrigerator or
freezer. However, the identification rate of CPP crystals tends to decline over this period.
These findings may help inform best practices for handling synovial fluid samples in cases
where immediate access to a specialist or necessary equipment is unavailable.

Keywords: gout; calcium pyrophosphate deposition disease; monosodium urate crystal;
calcium pyrophosphate crystal; synovial fluid; arthritis; diagnosis

1. Introduction

Crystal-induced arthritis includes gout and calcium pyrophosphate deposition disease
(CPPD), which are two of the most common joint diseases globally [1]. When monosodium
urate (MSU) or calcium pyrophosphate (CPP) crystals accumulate in the joints, an inflam-
matory process is triggered, resulting in gout flare or acute CPP arthritis, respectively.
Crystal-induced arthritis can be debilitating, affecting activities of daily living and work
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productivity. The identification of MSU and CPP crystals in synovial fluid using polarized
light microscopy remains the gold standard for diagnosing gout and CPPD [2]. MSU crys-
tals are characterized by their needle-like shape and strong birefringence. In contrast, CPP
crystals appear as rhomboidal or rod-shaped with relatively weak birefringence compared
to MSU crystals [3].

Synovial fluid analysis should be performed as soon as possible, ideally within 24 h,
to prevent leukocyte degradation and potential crystal dissolution [3]. Specific training in
crystal identification by experienced examiners has been shown to improve the accuracy
and reliability of crystal detection in synovial fluid [4]. Unfortunately, diagnoses of gout
and CPPD are typically made by non-specialist clinicians in community healthcare facilities,
where most people with acute arthritis seek medical care. In this setting, access to polarized
light microscopy and trained examiners is often limited. In Thailand, synovial fluids are
often collected at community healthcare facilities, which lack the capability to perform
crystal identification promptly. As a result, specimens are sent to specialized laboratories
or referral centers, leading to additional storage and transport time before testing.

Previous research has explored how different storage conditions over different time
periods affect the rate of MSU and/or CPP crystal identification in synovial fluid. Over
72 h, both MSU and CPP crystals have been shown to remain stable in fresh synovial
fluid when stored at refrigerator temperature (4 °C) [5,6]. Beyond 72 h, the rates of crystal
identification varied greatly among studies, mostly due to a wide range in observation
periods, storage temperatures, and types of preservative used during storage [7,8]. In
a study by Pastor et al., synovial fluid samples were stored at 20 °C and 4 °C using
either heparin or ethylenediaminetetraacetic acid (EDTA) as preservatives. MSU crystals
remained detectable in over 90% of samples after 7 days, while the detection rate of CPP
crystals declined to 67% after 7 days of storage at 20 °C with EDTA as a preservative [9]. For
frozen synovial fluid, DMSO appeared to help prevent cell lysis and maintained high crystal
identification agreement after 3-month storage [10]. However, DMSO is not commonly
available in our local health facilities.

The majority of studies that included CPP crystal identification reported a gradual
decline in rates of crystal identification over the period of time between 72 h and up
to 8 weeks [9,11,12]. However, one study observed no decline in rates of CPP crystal
identification for up to 4 weeks when stored at room temperature [13].

Previous studies that examined MSU crystals found stable rates of MSU crystal identi-
fication from 72 h to 8 weeks [9,11]. However, when stored for up to 24 weeks without any
preservative, rates of MSU crystal identification declined overtime, ranging between 69%
when stored at refrigerator temperature (4 °C) and 89% when stored at room temperature
(20 °C) [14].

The heterogeneity of existing studies on the persistence of crystals in stored synovial
fluid may prevent clinicians in our community setting from adopting best practices for
delayed crystal identification. In Thailand, ethylenediaminetetraacetic acid (EDTA)-coated
tubes are widely available in community healthcare facilities. These tubes offer the advan-
tage of preventing clotting, making them more suitable for long-term storage. The typical
wait time for specimen shipment for external testing or specialist consultation is within
two weeks. Previous studies stored synovial fluid samples at various temperatures, ranging
from —70 °C to room temperature. However, the most practical storage temperatures for
community-based settings in Thailand are 4 °C (refrigerator) and —20 °C (freezer). It is
important to note that maintaining synovial fluid specimens at room temperature (20 °C
to 25 °C) is not feasible in Thailand without specialized storage due to the hot and humid
tropical climate.
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This study aimed to investigate the persistence of MSU and CPP crystals in synovial
fluid after two weeks of storage at 4 °C and —20 °C. Findings will help community-based
clinicians adopt best practices for accurate crystal identification when specialists and
specialized equipment are not immediately available.

2. Methods
2.1. Study Design and Samples

This study was conducted in the laboratory of Thammasat University Hospital, Thai-
land, between February and March 2024, using a longitudinal design. Synovial fluid
samples were collected from the central laboratory at Thammasat University Hospital
between 1 February and 31 March 2024. All specimens were obtained from patients who
visited the hospital and underwent joint aspiration for any indication. Only leftover sam-
ples from routine analysis by the central laboratory were used in this study. Before being
provided to the investigators for further analysis, all samples were anonymized by the
central laboratory. Specimens with a volume of 5 mL or less were excluded to ensure a
sufficient amount of fluid for repeated microscopic examinations.

We calculated the sample size based on the assumption that crystals would persist in
synovial fluid stored at —20 °C for two weeks, whereas approximately half of the crystal-
positive samples stored at 4 °C would no longer be detectable [9,11]. A minimum of
22 crystal-positive samples was required to detect this difference in proportions with 80%
power and a significance level (alpha) of 0.05. We anticipated that 50% of all synovial fluid
samples submitted to the lab would be crystal-positive. Based on this assumption, we
originally planned to collect 50 consecutive samples, expecting that around 25 would be
crystal-positive.

2.2. Procedures

Synovial fluid examination was conducted on the same day that samples were ob-
tained from the hospital laboratory. Specimens were prepared by one of the co-investigators
(JS) as soon as possible after collection. Two examiners (K] and NW) performed crystal
identification sequentially using the same compensated polarized light microscope (Olym-
pus CX33, Olympus Corporation, Tokyo, Japan) and slide. First, K] examined the slide at
400x magnification under both bright and polarized light and recorded the presence or
absence of crystals. Subsequently, NW conducted an independent examination, also noting
the presence or absence of crystals. In addition to crystal identification, NW performed
crystal counting from 10 high-power fields following a pre-set clockwise pattern. KJ and
NW were blinded to each other’s findings. For synovial fluid samples without crystals, at
least 10 high-power fields were surveyed before the absence of crystals could be reported.
The examination typically required no more than 15 min for KJ and no more than 30 min
for NW (due to the additional crystal count). In cases of inconsistent findings (i.e., one
positive and one negative result), a second examination was planned to be performed by
the same two examiners (KJ and NW) within one hour of the initial reading to reach a
consensus and minimize the risk of sample deterioration.

Following the initial analysis, each sample was divided into two equal portions and
placed in ethylenediaminetetraacetic acid (EDTA) tubes. One portion was stored at 4 °C,
while the other was frozen at —20 °C. To ensure blinding, all samples were labeled in a
non-sequential manner by the study coordinator. On day 15, the same two examiners
re-evaluated the samples using the same protocol as the baseline examination. Frozen
samples were thawed for 20 min before being mounted on a slide for crystal analysis.
Both examiners received only prepared slides and were therefore blinded to the storage
condition of the samples. Findings were recorded based on the type of crystals present
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(MSU, CPP, or no crystals) and the number of crystals remaining after storage. The study
procedure is summarized in Figure 1.
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Figure 1. Study flow chart (N = 49).

2.3. Statistical Analysis

The number and percentage of synovial fluid samples containing each type of crystal
were reported at baseline and after two weeks for 4 °C and —20 °C storage groups. The
mean and standard deviation (SD) were used to summarize crystal counts at baseline and
after two weeks for each storage condition. The number and percentage of samples with a
decreased number of crystals were also reported—these included both samples in which
crystals became undetectable after storage and those in which crystals remained identifiable
but were reduced in number after storage.

We performed McNemar’s test to compare the proportion of samples with detectable
crystals at baseline to those after 2-week storage at 4 °C and —20 °C. When expected values
in any cell of the 2 x 2 contingency table were too low, a binomial sign test was used
instead. Similar comparisons were conducted separately for the proportion of samples
with detectable MSU crystals and CPP crystals. A p-value of 0.05 or higher was interpreted
as indicating no significant difference in the proportion of detectable crystals between
baseline and after storage, whereas a p-value below 0.05 indicated a statistically significant
difference. Comparisons between the mean crystal count between baseline and at 2 weeks
for both 4 °C and —20 °C storage were performed using paired ¢-tests.

We also constructed a multivariable logistic regression model to explore factors as-
sociated with the persistence of crystals after 2-week storage. The model included all
samples that were crystal-positive at baseline (20 stored at 4 °C and 20 stored at —20 °C).
The dependent variable was the presence of detectable crystals at 2 weeks. Covariates
included storage temperature (4 °C vs. -20 °C), crystal type (MSU vs. CPP), and baseline
crystal count. For each covariate, we reported the regression coefficient, odds ratio, 95%
confidence interval, and p-value. A p-value < 0.05 was considered indicative of a statistically
significant association with crystal persistence at 2 weeks.

All statistical analyses were conducted using IBM SPSS Statistics version 26.
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2.4. Ethical Approval

Ethical approval was obtained from the Human Research Ethics Committee of Tham-
masat University (Medicine) (Study protocol No. MTU-EC-IM-0-249/66). All methods ad-
hered to the ethical principles of the Declaration of Helsinki. As this study used anonymized
synovial fluid samples collected during routine care and sent to the hospital’s central labo-
ratory, informed consent from individual participants was not required.

3. Results

A total of 57 anonymized synovial fluid samples were collected from the central
laboratory. Eight samples were excluded due to insufficient volume, leaving 49 samples
for analysis. At baseline, crystals were identified in 20 samples (40.8%), with MSU crystals
detected in 14 samples and CPP crystals in 6 samples (Table 1). The mean (SD) crystal
count at baseline was 13.5 (13.5) per 10 high-power fields for MSU crystals and 9.5 (7.9) per
10 high-power fields for CPP crystals.

Table 1. Crystal identification from synovial fluids at baseline and after 2-week storage (N = 49).

p-Values
2 Weeks at (2 Weeks at
—20°C —20°C vs.
Baseline)

p-Values
Baseline 2 Weeks at4 °C (2 Weeks at4 °C
vs. Baseline)

Crystal
Identification

Overall samples
with crystals, 1 (%)

Samples with MSU
crystals, 1 (%)

20/49 (40.8) 16/49 (32.7) 0.219 14/49 (28.6) 0.031

14/49 (28.5) 13/49 (26.5) 1.000 12/49 (24.4) 0.500

MSU crystal count
(crystals/10 HPF), 13.5(13.5) 16.1 (11.9) 0.062 16.0 (13.4) 0.067
mean (SD)

Samples with
decreased number
of MSU crystals,
1 (%)

Samples with CPP
crystals, n (%)

- 3/49 (6.1) - 4/49 (8.1) -

6/49 (12.2) 2/49 (4.0) 0.125 2/49 (4.0) 0.125

CPP crystal count
(crystals/10 HPF), 9.5(7.9) 0.6 (1.2) 0.038 0.6 (1.0) 0.044
mean (SD)

Samples with
decreased number
of CPP crystals,
1 (%)

- 5/49 (10.2) - 5/6 (10.2) -

After two weeks, MSU crystals persisted in 13 of 14 samples (92.8%) stored at 4 °C and
in 12 of 14 samples (85.7%) stored at —20 °C (Figure 2). In most cases, the number of MSU
crystals remained stable: 11 of 14 samples (78.5%) in the 4 °C group and 10 of 14 samples
(71.4%) in the —20 °C group (Table 1). The proportion of samples with detectable crystals
did not change significantly over two weeks in both storage groups.
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Figure 2. Number of synovial fluid samples with MSU crystals, CPP Crystals, and no crystals over
two weeks at 4 and —20 degrees Celsius.

Among the six samples with CPP crystals at baseline, CPP crystals remained identifi-
able in two of six samples (33.3%) in both the 4 °C and —20 °C storage groups. However, the
decreased proportion of samples with detectable crystals over 2 weeks did reach statistical
significance. The number of CPP crystals declined after two weeks in five of six samples
from each group (Table 1).

No new crystals were observed in the crystal-negative group during the two-week
follow-up. The persistence of MSU and CPP crystals and crystal count in synovial fluid
samples are shown in Table 1, Figure 2, and Table S1.

Multivariable logistic regression analysis showed that, compared to CPP crystals, the
presence of MSU crystals at baseline was significantly associated with crystal persistence at
2 weeks (OR 15.98; 95% CI 2.87-89.10; p = 0.002) after adjusting for baseline crystal count
and storage temperature (Table S2).

4. Discussion

Our study suggested that the rate of MSU crystal identification remained consistent
after two weeks of storage at both 4 °C (92.8%) and —20 °C (85.7%). The number of MSU
crystals also remained stable in both storage conditions. In contrast, the identification rate
of CPP crystals appeared to decline in both storage conditions over two weeks, although
statistical significance was not reached. Additionally, most samples with CPP crystals
(83.3%) showed a decreased crystal count, regardless of storage temperature (Table 1).

Our findings align with previous reports on the persistence of MSU crystals in synovial
fluid over two to eight weeks at room temperature or lower, regardless of the preservative
used [9,11]. The stability of MSU crystals can be explained by their temperature-dependent
solubility, as urate crystals become less soluble at lower temperatures [15]. Additionally,
the use of EDTA-coated containers prevents white blood cell lysis, which may further help
preserve neutrophils containing phagocytosed crystals [16]. Another possible explanation
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for the persistence of identifiable MSU crystals in stored synovial fluid is the continued
formation of new crystals during storage, driven by the high urate concentration in synovial
fluid from individuals with gout [17]. However, this phenomenon is unlikely to play a
significant role in MSU crystal persistence, as the necessary supporting structure for urate
crystallization is absent [18]. In our study, we observed a slight increase in the number
of MSU crystals after 2 weeks of storage (Table 1). We believe this might be explained
by observer bias and the formation of debris clusters that concentrated pre-existing MSU
crystals, creating the appearance of a higher crystal count.

The decline in CPP crystal identification and count observed in our study is consistent
with previous reports, with a more pronounced decrease occurring after 72 h [9,12]. Given
that CPP crystals are primarily identified based on their characteristic morphology rather
than strong birefringence, cell clotting and debris formation during storage may have con-
tributed to the decline in CPP crystal detection by obscuring the crystals. CPP crystals are
smaller than MSU crystals and have a relatively high surface area due to their rhomboidal
or rod-like shapes [19]. Smaller crystals tend to dissolve more quickly in synovial fluid
samples [20]. One study suggested that EDTA might increase the solubility of CPP crystals,
accelerating their decline in detectability [9]. The use of EDTA-coated containers may have
contributed to the marked decrease in CPP crystal identification in our study. Other factors
proposed to promote CPP crystal dissolution include decreased pH and a reduction in
calcium concentration [20].

Our study suggests that synovial fluid examination for MSU crystal identification
remains reliable for at least two weeks when samples are stored in EDTA-coated containers
at either 4 °C (refrigerator) or —20 °C (freezer). This storage method allows for relatively
accurate delayed MSU crystal identification, particularly in cases requiring referrals or
specialist consultation.

However, delayed identification of CPP crystals may be more challenging under these
conditions, as CPP crystals were no longer identifiable in more than half of the samples after
two weeks in our study. Therefore, our findings support the recommendation that synovial
fluid crystal identification should be performed as soon as possible, particularly when
CPP arthritis is suspected. In cases where delayed crystal identification is unavoidable,
synovial fluid samples should be stored in containers without preservatives or with non-
EDTA preservatives. When crystal identification is not immediately available, the clinical
diagnosis of CPP arthritis may rely on supporting evidence from radiographic studies or
classification criteria [21]. Conversely, a negative synovial fluid examination in patients
suspected of having CPP arthritis should be interpreted with caution, taking storage
conditions and duration into consideration.

Our study provides practical insights for resource-limited settings where synovial fluid
analysis for crystals may be delayed. Standard refrigerators, freezers, and EDTA-coated
containers are widely available in most clinical settings. The accuracy of crystal identifica-
tion in synovial fluid samples largely depends on the skill and experience of the examiner,
particularly rheumatologists. However, access to rheumatologists remains a challenge in
the Thai public health system due to their low numbers and uneven distribution [22].

One of the strengths of this study is that all examiners were blinded to clinical diag-
noses and prior examination results, minimizing bias. Additionally, anonymized synovial
fluid samples were consecutively obtained from the central hospital laboratory without
specification for clinical diagnosis or department of origin, reducing selection bias and
ensuring that these samples reflected general practice in Thailand as accurately as possible.
The number of high-power fields required to confirm the presence of crystals has not been
widely explored. In our study, a sample was considered negative if no crystals were identi-
fied in at least 10 high-power fields. Notably, under this protocol, no inconsistencies were
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reported between the two examiners. This may provide some support for the adequacy
of the 10-field threshold in distinguishing crystal-positive from crystal-negative samples.
Nonetheless, further research is needed to confirm its validity.

However, this study had some limitations. The requirement that only synovial fluid
samples with a volume greater than 5 mL be included for analysis may have introduced
selection bias, as higher-volume samples (i.e., more inflammatory) were more likely to
be selected. However, we believe this limitation did not significantly affect our primary
objective, which was to evaluate changes in crystal presence over time within the same
samples, rather than to compare findings across different samples. The absence of white
blood cell counts prevented us from confirming whether the persistence of crystals was due
to cellular preservation by EDTA. The smaller-than-anticipated sample size was due to the
requirement that only synovial fluid samples with a volume greater than 5 mL be included.
Additionally, several samples were not processed because one or more investigators were
unavailable at the time the sample arrived at the central laboratory, as analysis had to be
performed on the same day of collection. Finally, the single-center design may limit the
generalizability of these findings to diverse clinical settings. Expanding this research to
multiple centers with a larger sample size could provide more robust data for standardizing
synovial fluid preservation methods in future studies.

In conclusion, our study supports the existing understanding that MSU crystals tend
to persist in synovial fluid longer than CPP crystals do. The protocol used in our study
aligns with practices in most local settings: storage at 4 °C or —20 °C in EDTA-coated
containers, with a typical wait time of approximately 1-2 weeks. These findings may
help guide best practices for handling synovial fluid samples for delayed examination or
specialist consultation when gout is suspected. However, when CPP arthritis is suspected,
clinicians should prioritize early synovial fluid examination and interpret negative results
with caution.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/gucdd3030012/s1, Table S1. The type of crystal and crystal
count in synovial fluid samples at baseline and after 2-week storage at 4 °C and —20 °C. Table S2.
Multivariable logistic regression analysis with detectable crystal at 2 weeks set as dependent variable.
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