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EXTENDED REPORT

Delayed examination of synovial fluid by ordinary and
polarised light microscopy to detect and identify crystals
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Obijective: To defermine the reliability of a delay in the microscopic examination of synovial fluid (SF)
to defect and identify crystals.

Methods: Ninety one SF samples were examined, 31 with monosodium urate (MSU) crystals, 30 with
crystals of calcium pyrophosphate dihydrate (CPPD), and 30 containing no crystals. The specimens
were stored with EDTA, sodium heparin, and without anticoagulant at 4°C before examination at 24
and 72 hours with ordinary and polarised light microscopy. Another aliquot of the same samples was
stored in a plastic container without anticoagulant at =80°C and examined after two months.
Results: When the samples stored at 4°C were re-examined after 24 hours, intracellular crystals of
MSU were seen in 90/93 (97%) cases where they had been identified previously and 89/93 (96%)
cases after 72 hours. Similarly, CPPD crystals were identified in 90/90 (100%) and 87/90 (97%)
cases after 24 and 72 hours. Examination of the samples stored at -80°C showed intracellular MSU
crystals in 25/31 (81%) of cases and CPPD crystals in 25/30 (83%). No crystals were seen in any
sample which had previously been diagnosed as crystalfree.

Conclusions: Deferred microscopic examination of refrigerated or deep frozen SF provides a strong
probability of detecting MSU or CPPD crystals if these are present initially.

clinical and laboratory tests for diagnosing joint

diseases.' > Such examination permits diagnosis of proc-
esses such as septic arthritis, or that induced by
microcrystals—for example, gout, for which effective treat-
ment exists. Since the studies of McCarty and Hollander,”*
microscopic examination with compensated polarised light
has been considered the most suitable technique for identify-
ing microcrystals in SF and for the rapid and definitive diag-
nosis of arthritis caused by crystals of monosodium urate
(MSU) or calcium pyrophosphate in dihydrate form (CPPD).?
However, several authors’” have suggested that CPPD crystals
frequently lack birefringence and can therefore be best visual-
ised by ordinary light microscopy.

One aspect of SF examination which remains controversial
is the length of time which can be allowed to elapse (and the
storage conditions) before the detection and identification of
microcrystals is significantly altered. Currey and Vernon-
Roberts suggested, for example, that it is perfectly satisfactory
to look for crystals in SF samples obtained several days previ-
ously as long as they are kept in sterile conditions.® Other
authors support this point of view.” ' Bible and Pinals showed
that urate crystals can be observed by polarised light micros-
copy after 24 hours’ storage refrigerated or even at room
temperature." They found no subsequent precipitation of
urate crystals in any of the non-gouty fluids examined.

However, Kerolus ef al in a methodical study noted that
delayed examination of SF preserved with heparin and stored
at 4°C or 22°C affected the total and differential leucocyte
count, and the detection and identification of microcrystals,
especially crystals of CPPD.” McKnight and Agudelo, on the
other hand, maintained it was still possible to observe CPPD
crystals in six SF samples kept at room temperature for four
weeks."” Indeed, the previously mentioned group replied that a
later experiment with CPPD crystals confirmed these
observations."”

McGill et al in a examination of 11 samples containing CPPD
crystals stored at 4, 22, and —70°C, found only a slight decrease
in the samples stored at 4°C and 22°C and could still observe
crystals in all cases after two weeks."

Thc examination of synovial fluid (SF) is one of the basic
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There are also discrepant views about the use of anticoagu-
lants if a sample is to be stored before examination for
microcrystals.”” " "

The objective of our study was to ascertain whether the
storage of samples (with or without anticoagulant) which
were known to contain MSU and CPPD crystals for 24 and 72
hours at 4°C or for longer periods at —80°C affected the identi-
fication of these crystals or whether morphological changes
would alter the results in these samples and others which
served as control.

METHODS

Ninety one SF samples were obtained for diagnostic or thera-
peutic purposes from patients attending the rheumatology
unit at the Morales Meseguer University Hospital, Murcia, SE
Spain, between October 1999 and November 2000.

Thirty one samples were from patients with uric gout'® and
30 from patients with definite CPPD crystal deposition
disease."” As controls we used 30 samples taken from patients
with several arthropathies: 14 cases of osteoarthritis, five of
rheumatoid arthritis, three of chronic monarthritis of the
knee, two of psoriatic arthritis (with hyperuricaemia), two of
septic arthritis, two chronic juvenile arthritis, one CPPD depo-
sition disease (with no crystals identified in SF on this
occasion), and one of undifferentiated oligoarthritis. All SF
samples were taken from the knee, except two which were
taken from the shoulder joint.

Excluded from the study were samples with less then 4 ml
of SF, those in which only extracellular crystals were seen, and
those for which there was no agreement between two observ-
ers about the initial examination.

SF samples were analysed as follows: the samples were
examined immediately after arthrocentesis by ordinary and

Abbreviations: CPPD, calcium pyrophosphate dihydrate; MSU,
monosodium urate; SF, synovial fluid
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Table 1 Crystals observed in the SF samples preserved in EDTA, heparin, or no anticoagulant after 24 and 72 hours
(at 4°C) and after two months (at -80°C)

MSU (n=31) CPPD (n=30) Control (n=30)

EDTA Heparin SF alone EDTA Heparin SF alone EDTA Heparin SF alone
24 Hours 31 (100)* 29 (94) 30 (97) 30(100)  30(100) 30 (100) 0 0 0
72150 31(100) 29 (94) 29 (94) 29 (97) 29 (97) 29 (97) 0 0 0
>2 Months - - 25 (81) - - 25 (83) - - 0

*Values expressed as number (and percentage) of samples showing intracellular crystals.

Results expressed as mean (SD)

Table 2  Change in the number of extracellular crystals (EC) and intracellular
crystals (IC) in the SF samples preserved at 4°C and —80°C without anticoagulant.

MSU (n=31) CPPD (n=30) Control (n=30)

EC IC EC IC EC IC
Initial 2.0 (4.2)* 2.3 (3.4) 1.8 (2.7) 3.8(5.2) 0 0
24 Hours 2.3 (5.0) 3.2 (7.1) 1.3 (1.6) 3.8 (5.3) 0 0
72 Hours 1.3 (2.1) 2.2(4.7) 1.3 (2.4) 3.1 (4.2) 0 0
>2 Months 3.1 (4.5)1 1.4 (3.1) 1.8 (2.8) 2.2 (2.9)1 0 0

*Number of crystals/400x field; 1p<0.05.

polarised light (Labophot-2, Nikon, with first order red
compensator) for the presence of microcrystals. The samples
in which MSU and CPPD crystals were unequivocally observed
and 30 control samples were included in the study. After this
preliminary analysis an aliquot of 1 ml SF was transferred to
the following sterile test tubes containing (4) sodium heparin
(Vacutainer sodium heparin, Becton Dickinson), (b)) EDTA
(Vacutainer EDTA (K3), Becton Dickinson), (¢) no anticoagu-
lant, and (4) no anticoagulant in a plastic container for deep
freezing. The fluid samples were identified by the clinical his-
tory number and by the registration number of the study. The
first three sets of test tubes were kept at 4°C. A more detailed
examination was carried out on a sample from the test tubes
containing no anticoagulant and stored in a refrigerator dur-
ing the first two hours after arthrocentesis. Samples were then
re-examined 24 and 72 hours later by ordinary and
compensated polarised light microscopy after shaking the
tubes manually to homogenise the contents. The fourth set of
containers was immediately deep frozen at =80°C. In this case,
46 samples were examined after eight weeks, 32 after 12
weeks and 13 after 12—18 weeks.

The following characteristics were noted: the presence or
not of MSU or CPPD crystals, the number (No of crystals per
400x field and average number of 10 non-contiguous fields),
and the intracellular or extracellular location, or both. The
three observers (JG, ES, AC) included samples in study. The
initial examination was made by the clinician who obtained
the sample and each of the observers carried out a
re-examination of the refrigerated samples on days of the
week chosen at random. The deep frozen samples were exam-
ined in a blind and random way. The commentaries of the
three observers were also noted.

Student’s paired ¢ test was used in a statistical analysis of
the differences between counts. At the beginning of the study
any interobserver variation was estimated. The K test was used
for analysis of concordance.

RESULTS

We excluded from the study five samples in which CPPD
crystals were suspected but not confirmed by a second observer
because the supposed crystals were small, scarce, atypical, and
with a very weak or absent birefringence which hindered
definitive identification. Similarly, one sample with possible

MSU crystals was excluded, in which the crystals were very
scarce and all extracellularly located, needle shaped, and with
intense negative birefringence. For this reason, the number of
remaining samples was 91. Three cases of MSU crystals and one
of CPPD were excluded from the statistical analysis because a
countless number of crystals were found in all of them.

Monosodium urate crystals

MSU crystals were preserved in most of the samples refriger-
ated at 4°C and re-examined after 24 and 72 hours. After 24
hours intracellular crystals could be seen in all 31 of the sam-
ples kept in EDTA, in 29/31 (94%) of those kept in heparin and
30/31 (97%) of those kept without preservative (table 1). The
results after 72 hours were similar: 31/31 (100%) and 29/31
(94%) in heparin and no preservative.

When the SF samples kept at —=80°C were examined MSU
crystals could still be seen in most preparations: intracellularly
in 25/31 (81%), extracellularly in 26/31 (84%), and intracellu-
larly or extracellularly in 29/31 (94%). There were no
differences in the figures for two, three, or more months.

When possible modifications in the concentration of MSU
crystals with time were evaluated, the number of extracellular
crystals increased significantly after two months (table 2).
Although there was a slight reduction in the number of intra-
cellular MSU crystals, these differences were not significant.

CPPD crystals
CPPD crystals were seen after 24 hours in all the samples
examined, regardless of whether anticoagulant was used
(table 1). Only in one case were no CPPD crystals observed
after 72 hours: 29/30 (97%). In those samples showing CPPD
crystals and stored at —80°C for 8-18 weeks, intracellular crys-
tals continued to be seen in 25/30 samples (83%), extracellu-
lar crystals in 27/30 (90%) and intracellular or extracellular
crystals in 27/30 (90%) cases. Crystals were identified with the
same frequency after 8, 12, or more weeks.

The number of extracellular CPPD crystals remained stable
throughout the study period, while the number of intracellu-
lar crystals decreased significantly after two months (table 2).

Control group

No MSU or CPPD crystals were seen in the 30 control samples
when re-examined after 24 and 72 hours, nor in the samples
kept at —=80°C and examined after two months and more.
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Observers’ comments

The samples were carefully examined with ordinary light and
compensated and non-compensated polarised light in a search
for crystals, especially in the fibrinous clumps. CPPD crystals
frequently showed scant or no birefringence, although such
birefringence was sometimes intense.

Occasionally, other microcrystals were seen in the initial or
subsequent examinations—for example, ovoid birefringent
crystals in the form a Maltese cross (compatible with talc),
small pleomorphic intensely birefringent crystals compatible
with methylprednisolone acetate (a corticosteroid frequently
used in our unit for intra-articular infiltration), and other
amorphous microcrystals of variable birefringence similar to
dust. No attempt was made to determine the time of appear-
ance or the survival time of these crystalline artefacts.

The cell elements deteriorated with time in the samples
stored at 4°C and in those frozen at —80°C and examined after
two months’ storage. In general, samples preserved in EDTA
kept better, the cell outlines being more clearly delineated and
the cells showing less tendency to agglomerate.

A careful re-examination of the preparations in which crys-
tals were known to be present, but which had not been
detected after two months’ storage at —80°C, showed crystals
in only two out of five cases.

No significant variations in the ability of the observers to
detect crystals was observed. The K index for concordance
between observers was K = 0.825.

DISCUSSION

It is recommended that examination of SF should be made
promptly,"” preferably within a few hours after arthrocentesis
because a rapid reduction in the cell count and a significant
fall in the number of CPPD crystals may occur and thus hinder
correct classification. Other experiments, however, suggested
that CPPD crystals did not dissolve completely even after long
periods of storage."”

Our results for the CPPD crystal count agree with those
obtained by McNight and Agudelo” and McGill ef al."* Our
study shows that when MSU and CPPD crystals were initially
detected in SF they could still be seen 24 and 72 hours later in
most cases when the samples were stored at 4°C, whether or
not anticoagulant was used. The same was true in most cases
when the samples were deep frozen at —80°C for two to four
months.

A temperature of 4°C was chosen for storing samples
because it is widely accepted that this will improve the prob-
ability of survival of the crystals and reduce the risk of micro-
biological contamination compared with storage at room
temperature.” '

Prolonged deep freezing did not greatly affect the detection
of microcrystals and the results to a great extent agree with
the observations made in samples stored at 4°C; it was possi-
ble to detect intracellular MSU and CPPD crystals in approxi-
mately 80% of the samples. As already shown,' deep freezing
permits samples to be kept for a long period of time and can
be useful for keeping microcrystals for teaching purposes and
for quality control of SF examination.

In the few studies which do exist, the sensitivity to detect
MSU and CPPD crystals in SF seems to be approximately 70%
with discrepancies existing between the sensitivity and
specificity of different observers, suggesting that some quality
control is necessary in these examinations.” Although most
laboratory tests are submitted to quality control checks, SF
examination has not yet been included in such a
programme. "’ However, several methods exist to preserve SF in
order to carry out subsequent quality controls of the
examinations.** Some authors have proposed a different
method, which involves staining, for the delayed examination
of SF preparations as a method for carrying out quality
controls of the cytological examination and identification of
crystals.”
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There is wide disagreement between authors about the
advisability of using anticoagulant to preserve SF samples
until they are examined for the presence of
microcrystals.”” ' ™ * We examined different ways of pre-
serving samples and found that the number of crystals was
the same in samples preserved with or without anticoagulant
(EDTA and sodium heparin). In a very interesting study, Sali-
nas ef al reported that the results of the cellular counting of the
SF samples preserved with EDTA are still accurate at 24 and
even 48 hours, at least for clinical purposes.”

Although the number of urate and pyrophosphate crystals
was the same after storage for 24 and 72 hours at 4°C and for
longer periods at —=80°C, the detection of CPPD crystals was
more difficult. For this reason, we found it useful to include
examination by ordinary light microscope in the exhaustive
examination of the preparations, which sometimes took more
than 10 minutes, as recommended by several authors.” Other
factors contributing to the high sensitivity of our results are
the systematic search for crystals in fibrinous clumps, the sys-
tematic examination with non-compensated polarised light,
and the fact that the examination was not completely “blind”.
This last fact might have influenced the observer in some cases
to continue (or not) the search for crystals, although it might
not have been a determining factor because the examination
of the deep frozen samples (which was a “blind” test)
provided substantially similar results. It must not be forgotten,
too, that we did not exclude from the study those cases in
which intra-articular steroid infiltration had been carried out
in the preceding weeks.

Our results point to a high degree of specificity because no
crystals were seen in any of the control samples and there was
no confusion in identifying the different crystals. Neither did
we see cases of MSU crystals formed “de novo”, even in the
two cases of psoriatic arthritis with hyperuricaemia.

We found no significant decrease in the number of crystals
stored at 4°C during the three days of observation. In the deep
frozen samples some changes were seen, including a
significant increase in the number of extracellular crystals of
urate and a significant reduction in the number of CPPD
intracellular crystals. The exact significance of these changes
is difficult to ascertain, although they may be due to the
destruction of cells, which we know occurs in stored samples.

Our work has some limitations. The exclusion criteria which
were introduced to improve the specificity of the method may
add a certain bias. Furthermore, the scope of the study might
have been affected by the fact that the sample examination
was not completely blind.

In summary, our results suggest that SF analysis for the
detection of MSU or CPPD crystals can be deferred up to 72
hours when the samples are stored at 4°C with or without
EDTA or sodium heparin as anticoagulants because there is a
high degree of probability that the crystals will still be present
after this time. The same applies, although with lower
probability, when samples are kept without anticoagulant at
—80°C and examined after two, three, or four months.

These findings have a practical clinical interest because
although it is advisable to examine SF samples soon after
arthrocentesis to minimise the possibility of any error, this is
sometimes impossible. For example, samples may be obtained
in emergency units, in primary care centres, or any other parts
of the Health Service, where it may be impossible to make an
immediate examination, or only a partial examination may be
possible without the availability of polarised light microscopy.
In such cases, we think deferred examination of the SF sam-
ples stored at low temperature will pose no real problem for
the detection and identification of MSU and CPPD crystals.

Authors’ affiliations
J Galvez, E Sdiz, A Climent, Rheumatology Unit, Hospital General
Universitario “JM Morales Meseguer”, Murcia, Spain


http://ard.bmj.com

Detection of crystals in synovial fluid

L F Linares, C Marras, M F Pina, P Castellén, Rheumatology Section,
Hospital Universitario “Virgen de la Arrixaca”, Murcia, Spain

REFERENCES

w N

McCarty DJ. Synovial fluid. In: Koopman W, ed. Arthritis and allied
conditions. A textbook of rheumatology. 13th ed. Baltimore: Williams
and Wilkins 1996:81-102.

Shmerling RH, Delbanco TH, Tosteson ANA, Trentham DE. Synovial
fluid tests. What should be ordered2 JAMA 1990;264:1009-14.
McCarty DJ, Hollander JL. Identification of urate crystals in gouty
synovial fluid. Ann Intern Med 1961;54:452-60.

McCarty DJ, Kohn NN, Faires JS. The significance of calcium phosphate
crystals in the synovial fluid of arthritic patients: the “pseudogout
syndrome”. |. Clinical aspects. Ann Intern Med 1962;56:711-37.
Dieppe P, Swan A. Identification of crystals in synovial fluid. Ann Rheum
Dis 1999;58:261-3.

Ivorra J, Rosas J, Pascual E. Most calcium pyrophosphate crystals
appear as non-birefringent. Ann Rheum Dis 1999;58:582-4.

Reginato AJ. Manual para el estudio del liquido sinovial, bursal e
identificacién de cristales. Barcelona: Imprerapid, 1993.

Currey HLF, Vernon-Roberts B. Examination of synovial fluid. Clin Rheum
Dis 1976;2:149-77.

Freemont AJ, Denton J. Atlas of synovial fluid cytopathology. Dordrecht:
Kluwer Academic, 1991.

Gatter RA. A practical handbook of joint fluid analysis. Philadelphia:
Lea and Febiger, 1984.

Bible MW, Pinals R. Late precipitation of monosodium urate crystals. J
Rheumatol 1982;9:480.

Kerolus G, Clayburne G, Schumacher HR Jr. Is it mandatory to examine
synovial fluids promptly after arthrocentesis2. Arthritis Rheum
1989;32:271-8.

McKnight KM, Agudelo C. Comment on the article by Kerolus et al
[letter]; Schumacher HR Jr, Clayburne G [reply]. Arthritis Rheum
1991,;34:118-19.

McGill NW, Swan A, Dieppe PA. Survival of calcium pyrophosphate
crystals in stored synovial fluids. Ann Rheum Dis 1991;50:939-41.

15

16

17

20

2

22

23

24

25

26

447

Martinez MJ, Pichot C, Alegre C. Técnicas de estudio del liquido
sinovial. Rev Esp Reumatol 1994;21:78-95.

Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DJ, Yi TF.
Preliminary criteria for the classification of the acute arthritis of primary
gout. Arthritis Rheum 1977,;20:895-900.

Ryan LM, McCarty DJ. Calcium pyrophosphate crystal deposition
disease, pseudogout, and articular chondrocalcinosis. In: Koopman WJ,
ed. Arthritis and allied conditions. A textbook of rheumatology. 13th ed.
Baltimore: Williams and Wilkins 1996:2103-25.

Gordon C, Swan A, Dieppe P. Defection of crystals in synovial fluids by
light microscopy: sensitivity and reliability. Ann Rheum Dis
1989;48:737-42.

McGill NW, McGill VG. Quality assurance for synovial fluid examination
for crystals: an improved method. Ann Rheum Dis 1997;56:504-6.
Schumacher HR, Sieck M, Clayburne G. Development and evaluation
of a method for preservation of synovial fluid wet preparations for quality
control testing of crystal identification. J Rheumatol 1990;17:1369-74.
McGill NW, York HF. Reproducibility of synovial fluid examination for
crystals. Aust NZ J Med 1991;21:710-13.

von Essen R, Holtti AMH, Pikkarainen R. Quality control of synovial
fluid crystal identification. Ann Rheum Dis 1998;57:107-9.

Selvi E, Manganelli S, Catenaccio M, De Stefano R, Frati E, Cucini S, et
al. Diff Quik staining method for detection and identification of
monosodium urate and calcium pyrophosphate crystals in synovial fluids.
Ann Rheum Dis 2001;60:194-8.

Schumacher HR. Synovial fluid analysis and synovial biopsy. In: Ruddy
S, Harris ED, Sledge CB, eds. Kelley's textbook of rheumatology. 6th ed.
Philadelphia: Saunders, 2001:605-19.

Salinas M, Rosas J, Iborra J, Manero H, Pascual E. Comparison of
manual and automated cell counts in EDTA preserved synovial fluids.
Storage has little influence on the results. Ann Rheum Dis
1997,56:622-6.

Ortiz-Bravo E. Examen du liquide articulaire dans les arthropathies
microcristallines. Rev Prat (Paris) 1994;44:174-7.

www.annrheumdis.com


http://ard.bmj.com

