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Abstract

Aims: To study whether the addition of dimethylsulfoxide (DMSO) to synovial fluid (SF) samples could be
helpful to store frozen samples to improve the rates of detection and identification of crystals.

Methods: Cross-sectional study of samples of SF consecutively obtained. Three aliquots were generated: one
for immediate observation by a senior observer, and 2 to be frozen, one with 10% DMSO (DMSO+) and one
without DMSO (DMSO-). Each aliquot was randomly allocated and blinded for further observation when once
the samples were unfrozen 3 months afterward. Variables included for analysis were total leucocyte count,
detection of crystals, identification of present crystals as monosodium urate (MSU) or calcium pyrophosphate
(CPP), number of fields to the first crystal observation, and number of crystals per field. The vitality of
leucocytes was evaluated using a trypan blue stain. All samples were examined using ordinary light and
polarized light with a red compensator, and unfrozen samples by both senior and junior observers.

Results: In the 30 reference samples of SF studied, the mean leucocyte count was 13.1 x 10°/L, and 18/30
samples showed crystals (8 MSU, 10 CPP). Once unfrozen, leucocyte counts were 58% lower in DMSO aliquots
vs. 22% in DMSO+ aliquots, with vitality (> 50% cells) reduced from 100% in the reference sample to 76.6%
in the DMSO+ aliquots to none in the DMSO- aliquots. Agreement in the detection of crystals was much better
in DMSO+ aliquots than DMSO- (kappa 1.00 vs. 0.69 and 0.65 vs. 0.11 for the senior and junior observers
respectively). Moreover, 4/5 false-negative crystal detection in DMSO- aliquots showed CPP in the reference
simple, even though a high density of crystals was observed in the reference sample.
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Conclusions: The addition of 10% DMSO to SF samples allows freezing and storage with a small loss
of leucocyte counts and excellent agreement in the detection and identification of crystals. Cellular
lysis may account for the false negative results in aliquots without DMSO, especially in the case of CPP,
non-refringent crystals.
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Introduction

Microscopy examination of synovial fluid (SF) samples is the standard tool to evaluate synovial effusions [1].
Light microscopy is the gold-standard technique for the diagnosis of crystal-induced arthritis, allowing the
detection and identification of monosodium urate (MSU) crystals in gout [2], and calcium pyrophosphate
(CPP) microcrystals in CPP deposition disease (CPPD) [3]. In addition, it allows evaluation of the presence and
amount of inflammation in SF samples via leucocyte counts.

Indeed, observation of smears of fresh samples of SF allows the detection and identification of crystals
in most cases. Avoiding delay from joint aspiration to microscopy observation is key to preventing leucocyte
apoptosis and crystal degradation, especially in the case of CPP crystals, which may undergo degradation
ex vivo via pyrophosphatases present in neutrophils [4].

Cooling or freezing SF samples are usual methods to preserve SF samples when immediate observation
is not at hand, such as in primary care or emergency room, but even despite storage in a cold environment, the
samples may get degraded and biased results [5]. A suggestion to use dimethylsulfoxide (DMSO) for storing
frozen SF samples has been made [6], but not based on a formal study.

DMSO is a chemical compound commonly used in biology to cryopreserve cells [7], prevent damage by
intracellular ice microcrystals that may damage the cell membrane, and induce cytolysis during subsequent
unfreezing [8]. It is the most common agent used to cryopreserve cells and tissues [9].

This study aims to assess whether the addition of DMSO to SF samples helps maintain crystal and cellular
morphology when comparing frozen versus unfrozen SF storage samples.

Materials and methods

This is an observational, cross-sectional study with prospective and consecutive recruitment using excess SF
samples from clinical practice in a 3rd level university hospital.

Samples

Consecutive SF samples were obtained from exceeds of SF over 3 mL during clinical practice from 1st
December 2020 to 28th February 2021. All patients visited a crystal-induced-arthritis clinic and signed
consent to use excess SF for clinical investigation after all usual clinical proceedings for SF samples had
been performed. The local ethics committee approved the use of excess SF samples. Three aliquots of 1 mL
each were obtained from each sample: aliquot 0 (reference, for immediate analysis), aliquot DMSO+ (with
10% DMSO0), and aliquot DMSO- (without DMSO). DMSO+ and DMSO- were frozen and stored for a second
analysis after unfreezing. After analysis of the reference aliquot, a random number was assigned to each
aliquot using a random sequence generated by the statistics program and assignment concealed to avoid bias
for further blinded observation of frozen aliquots.

Storage and unfreezing

Aliquots DMSO+ and DMSO- were frozen within a period not exceeding 30 min from joint aspiration to storing
and stored in a -20°C freezer, with a permanent external monitor of temperature used to store samples for
clinical trials and therefore monitored by the bioengineering department.
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Samples were unfrozen after 3-month storage. Unfreezing was performed at 37°C for 10 min, and data
from microscopy observation was blindly retrieved in the following 10 min.

Analysis of samples

A reference senior observer (Fernando Pérez-Ruiz), credited through a validation process to participate as
an investigator in the Study for Updated Gout ClAssification CRiteria (SUGAR) study for the classification of
gout, evaluated all reference samples for detection and identification of crystals, with the search starting at
the center of the slide. Those samples not showing crystals after 3 x 3 field scanning (9 fields clockwise) were
considered negative. The average number of crystals observed was recorded as a semi-quantitative variable
(< 1/field, 1-5/field, 6-10/filed, > 10/field), and the number of fields observed to find the first crystal was
also in a semi-quantitative variable (1-3 fields, 3-6 fields, 6-9 fields). The viability of cells was evaluated
in each aliquot only by the reference observer using trypan blue staining, commonly used as a marker of
cellular membrane damage [10] as a semi-quantitative variable: < 25%, 25-49%, 50-75% and > 75% of
present viable cells.

A junior observer, an MD student, instructed for 2 h/day during 5 days of microscopy experience (Elsa
Lopez-Bardoén), evaluated each aliquot simultaneously with the senior observer, in separate rooms, and
blinded for reference results.

Both observers used a Nikon Eclipse50i microscope at 400x with both ordinary light and polarized
light with a first-order red compensator to observe the presence of refringence and elongation properties of
the crystals.

Statistical analysis

We used an institutional, licensed package of the IBM SPSS.23 statistical program for analysis of the data
and comparisons: paired t-test (P < 0.05 to be considered significant), a Cronbach’s alpha and intra-class
correlation for leucocyte counts comparisons, and kappa index for agreement for crystal detection and
crystal identification, these last three analysis showing best results close to 1.00, good over 0.60.

Results

Thirty SF samples, 90 aliquots, were available. As for the reference observation of aliquots 0, the mean leukocyte
count was 13.14 x 10° cells/L (median 9.0 x 10° cells/L, interquartile range 3.37 x 10°-20.00 x 10° cells/L).
Eighteen (60%) samples showed crystals (8 MSU and 10 CPP), and in 12 (40%), crystals were not observed.
In 17/18 (94%) samples, crystals were found in fields 1 to 3, and in 13/18 (72%), over 10 crystals per field
were counted.

Aliquots with and without DMSO were observed after 3 months by both senior (observer 1) and junior
(observer 2) observers; due to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic
issues, the junior observer could only evaluate 22 out of 30 samples.

A loss of the leucocyte counts was apparent in frozen samples, but the addition of DMSO significantly
reduced the effect from 58% in DMSO- aliquots to 22% in DMSO+ aliquots (Table 1).

Table 1. Paired t-test for leucocyte counts before (aliquot O as reference) and after unfreezing with and without DMSO

Leucocyte count N Mean (x 109/L) SD
Observer 1 30 13.14 10.67
Observer 1/DMSO+ 30 10.20* 7.74
Observer 1/DMSO- 30 5.50%* 6.10
Observer 2 22 6.73* 4.10
Observer 2/DMSO+ 22 3.19%* 2.69
Observer 2/DMSO— 22 1.87 11.27

N: number; SD: standard deviation. * P < 0.01, ** P < 0.001
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Cronbach’s alpha test for accuracy of leucocyte count showed the senior to perform best in DMSO+
aliquots (0.91, 0.81-0.96 vs. 0.43, 0.35-0.76), but accuracy was reduced for both observers once again in
DMSO- aliquots (0.79, 0.56-0.90 vs. 0.28, 0.69-0.70) the accuracy in leucocyte count. The kappa index for
agreement in the detection of any crystal in DMSO+ aliquots was 1.00 and 0.62, and in DMSO- aliquots 0.61 and
0.14 for observers 1 and 2, respectively.

It is shown that agreement for observer 1 (senior) regarding crystal identification is better than for
the junior observer. A reduction of 0.31 in kappa (from 1.00 to 0.69) was observed comparing DMSO+ with
DMSO- aliquots for the senior observer, and from 0.84 to 0.11 for the junior. Most (4/5) false-negative samples
for the senior observer in the DMSO- aliquots contained CPP in the reference aliquot, and forty percent (4/10)
of the CPP samples were false-negative in DMSO- aliquots compared to 1/8 of the MSU samples (Table 2).

Table 2. Agreement in the identification of microcrystals (kappa index) compared with reference with and without DMSO for
both observers (disagreement shown in bold and underlined)

Reference DMSO+ observer 1 DMSO+ observer 2 DMSO- observer 1 Observer 2

Negative MSU CPP Negative MSU CPP Negative MSU CPP Negative MSU CPP
Negative 12 0 0 2 1 1 " 0 1 0 0 0
MSU 0 8 0 0 8 0 1 7 0 5 1 0
CPP 0 0 10 0 0 9 4 0 6 2 1 2

Agreement kappa: 1.00 for reference vs. DMSO+ observer 1; kappa: 0.845 for reference vs. DMSO+ observer 2; kappa: 0.691
for reference vs. DMSO- observer 2; kappa: 0.111 for reference vs. DMSO- observer 2

In most of the samples, crystals were identified in the very first fields (17/18) in the DMOS+ aliquots,
13/13 in the DMSO- (5 samples in the DMSO- considered negative). Interestingly, 3 DMSO- aliquots containing
CPP in the 3 first fields in the reference sample were considered negative (Table 3). Moreover, in 3/4 CPP of
the false-negative samples in the DMSO- aliquots, the reference sample had shown abundance (> 10 crystals
per field).

Table 3. Agreement in the identification of microcrystals for the senior observer in samples with crystals depending on the
number of fields needed in the reference sample (disagreement shown in bold and underlined)

Reference DMSO+ DMSO-
Crystal negative MSU CPP Crystal negative MSU CPP
1-3 fields MSU 0 8 0 1 7 0
CPP 0 0 9 3 0 6
> 6 fields CPP 0 0 1 1 0 0

Agreement kappa: 1.00 for detection of crystals in DMSO+ simples; kappa: 0.62 for detection of crystals in DMSO- samples

Finally, trypan blue staining showed that all of the reference aliquots were classified as > 50% vital cells,
compared to 76.6% of DMSO+ and none of the DMSO- aliquots.

Discussion

The detection and identification of microcrystals (are there any, and if present, what kind of crystals,
respectively) are considered to date as the gold standard for diagnosis of gout [2] and CPP arthritis [3].

The availability of light microscopy at the local healthcare providers’ clinics may delay the examination
of SF samples [11]. Although some authors recognize that a short, 3-day delay may not compromise the
reliability of the sample, cooling or freezing SF samples may improve the reliability of results more than room
temperature storage [12]. Indeed, freezing samples may render better results [12] than cooling [4].

Nevertheless, the formation of intra-cytoplasm water crystals may render massive cell apoptosis
after unfreezing. This may create some sluggishness, especially in smears with high leucocyte counts,
and jeopardize the detection of crystals. Hypothetically, it would be expected that MSU crystals known to
exhibit intense refringence would be more easily detected in this setting than CPP crystals, which show mild
or no refringence [13].
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The quality of SF samples can deteriorate before an exam. Therefore, if long-term storage is desired (for
academic purposes), or needed (delayed examination for clinical purposes), avoiding apoptosis of leucocytes in
frozen samples of SF would be helpful. CPP crystals in SF keep present for prolonged periods by freezing [12].
Maintaining the viability of cells after freezing and unfreezing using DMSO has been performed for over 50
years [8], and is a current method for cell cryopreservation [9]. Our results are not best regarding the rate of
vitality after unfreezing samples, as would be expected in a laboratory setting; managing samples at the office
during clinical activity is the most plausible cause.

To our knowledge, this method has not been tested nor published regarding cryopreserving SF samples
in order to store samples long-term, thus, avoiding a reduction in the reliability of detecting and identifying
MSU and CPP crystals. The fact that trypan blue staining of the unfrozen aliquots DMSO- showed no acceptable
viability compared to two-thirds of DMSO+ aliquots supports the hypothesis that apoptosis is probably one
main cause of false-negative results, especially in the case of CPP.

Our results neatly show that the addition of DMSO to SF samples is associated with a reduction in the
loss of leucocyte counts, and improves the detection and identification of MSU and CPP crystals. As expected,
samples with CPP crystals and no addition of DMSO comprised most of the false negative results after
unfreezing. It has been recently shown that the addition of 10% DMSO to SF samples may preserve cellular
morphology and avoid artifacts and cellular clumping [14], but no specific study on crystal detection or
identification was reported.

Nevertheless, it is important to note that the results were only applicable to the experienced observer,
therefore suggesting that short training may not be enough to be reliable, contrary to previous publications [15].

This study’s strengths are that samples were randomized, anonymized, blinded, and simultaneously
examined. There are also some limitations to this study. The study was limited in the number of samples
because it needed to be completed within one academic year, including the time needed for collection,
freezing, and unfreezing. Therefore, further studies sustaining our initial results would be welcome. The
samples were obtained in the clinic during clinical care, a fact that may induce some deleterious effects on
the quality of the samples. In addition, the impact of the coronavirus disease 2019 (COVID-19) pandemic
during 2020 and the disease sequentially suffered by FPR and ELB even more limited the availability of these
investigators. Also, a study after long-term storage would be desirable.

In conclusion, our results show that the use of DMSO added to SF samples is useful at least for mid-term
storage contributes to the maintenance of cellular morphology in SF when stored in frozen conditions, and is
especially useful to avoid false-negative results in the case of CPP crystals.
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