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Abstract: Aggregates are one of the elementary lesions seen on musculoskeletal ultrasound (US)
in gout patients as defined by Outcome Measures in Rheumatology (OMERACT). The aim of this
study was to evaluate the threshold of detection of aggregate findings on ultrasound and to analyze
these findings with corresponding compensated light microscope (CPLM) images in vitro. Patient
derived monosodium urate (MSU) crystals were obtained from two separate patients with gout
during routine clinical care. In addition, fabricated in-house synthetic MSU crystals were used for
comparison. Each sample was scanned using a GE Logic ultrasound machine and corresponding
CPLM images obtained. As the aggregates became imperceptible by ultrasound, MSU clumping by
CPLM examination was no longer detectable and crystal density per high power field fell markedly.
Aggregates on US images are present only from patient-derived samples likely representing MSU
crystal clustering or packing. Thus, when synovial aspiration is considered, a joint with aggregates
on US would be a more suitable target with a higher likelihood of noting MSU crystals.
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1. Introduction

Gout is the most common form of inflammatory arthritis affecting 8.3 million (3.9%)
adults in the United States [1]. The gold standard method to diagnose gout remains
joint aspiration and compensated polarized light microscopic (CPLM) analysis of synovial
fluid for the presence of monosodium urate (MSU) crystals [2]. Furthermore, microscopic
confirmation of MSU crystals is a sufficient criterion per the 2015 ACR/EULAR gout
classification criteria [3].

In 2015, the Outcome Measures in Rheumatology (OMERACT) gout ultrasound task
force developed consensus-based definitions for ultrasound (US) findings in gout. The
elementary lesions in gout were identified as double contour sign (DCS), tophi, erosions,
and aggregates [4]. OMERACT defined aggregates as “heterogeneous hyperechoic foci
that maintain their high degree of reflectivity, even when the gain setting is minimized or
the insonation angle is changed and which occasionally may generate posterior acoustic
shadow” [3,5]. The complexity of this definition has created some uncertainty amongst
sonographers [6]. Though the exact etiology of these aggregate structures has been un-
clear, [7] in animal studies, after a suspension of MSU crystals were injected into rabbits’
knees, a direct correlation between MSU crystals and aggregates was observed [8]. To
our knowledge, there have been no studies to evaluate a threshold effect of MSU crystal
concentrations and detection of such MSU aggregates on ultrasound.
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As such, the aim of this study was to better understand the threshold of detection of
aggregate findings on ultrasound and to correlate such findings with corresponding CPLM
images in an in vitro study.

2. Materials and Methods
2.1. Sample Preparation

Patient-derived MSU crystal dense suspensions (liquid tophi) were obtained from
2 separate patients during routine clinical care. During the surgical resection of a tophus
(from an olecranon bursa), the surrounding “gout milk” was obtained for the research team.
From a separate patient with an acute gout attack of the knee, the synovial milk-like fluid
provided the second source of MSU crystals.

All specimens were collected as part of routine clinical care. Excess samples not needed
for clinical care, destined to be discarded, were instead de-identified and transferred to the
senior investigator under a written protocol between the Department of Pathology and the
senior investigator. This protocol was reviewed by the university IRB and deemed to be
non-human subject research.

Separately, we prepared fabricated in-house synthetic crystals by dissolving 6.1 mL
of 1 M sodium hydroxide (Sigma Aldrich—SA 72082, St. Louis, MO, USA) in 200 mL of
sterile-filtered endotoxin-free water (SA W3500) and then heated to the boiling point. One
gram of uric acid (SA U0881) was subsequently added, and the temperature was lowered
to 60 ◦C. The pH was adjusted to 8.9, and the solution was left stirring for 4–5 h at room
temperature. After cooling and stirring overnight in a cold room, the crystals were washed,
recovered by filtration, and dried. Previous studies have demonstrated that these synthetic
MSU crystals have a morphology similar (in size and shape) to crystals retrieved from
patients with gout [9].

For diluent, we used synovial fluid derived from 1 of 2 patients with knee osteoarthritis
(after confirming that each synovial fluid was free of crystals through a 5 min CPLM review
of >30 high power fields by the senior investigator).

To the dry fabricated in-house crystals, we suspended 250 µg of crystals in 500 µL
of synovial fluid to create a thick paste. Then, to each fabricated or patient-derived crys-
tal suspension, we created up to 10 serial dilutions mixing even volumes of the crystal
suspensions with crystal free synovial fluid in Eppendorf tubes.

2.2. Ultrasound & CPLM Imaging

For each MSU suspension, the Eppendorf tubes were immersed in ultrasound gel and
scanned using a General Electric Logiq E9 (GE HealthCare, Chicago, IL, USA) ultrasound
machine with a hockey stick probe (Figure 1). Settings ranging from 9 to 15 mHz frequency
were adjusted to optimize the image quality depending on density of the crystal suspension.
The US images have been rotated 90 degrees and cropped so that the Eppendorf tube images
are vertical in Figure 1 (right side of image is closest to the probe, left side is farthest). The
100× CPLM images were obtained for each sample using Olympus BX43 CPLM (Olympus
Corporation, Tokyo, Japan) with polarizer kit.Gout Urate Cryst. Depos. Dis. 2023, 1, FOR PEER REVIEW 3 
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Figure 1. Urate suspension in Eppendorf on bed of ultrasound gel for imaging.
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To provide a more homogenous suspension, prior to US and CPLM imaging, each
dilution was placed on a vortex mixer for 10 s, then sat for approximately 5 min (to allow
any microbubbles formed in the mixing process to dissolve back into solution). Longer
standing (greater risk of settling) times were favored to minimize microbubble artifacts.

3. Results

Serial dilutions are presented in Figure 2. We used CPLM images to align Eppendorf
tubes of similar crystal concentrations across the two patient-derived and one fabricated
crystal suspensions. The starting crystal concentration for the olecranon bursa aspirate was
approximately four times more concentrated than the suspensions from either the knee
aspirate or fabricated crystals.
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Figure 2. Ultrasound and Compensated Polarized Light Microscopic (CPLM) images from patient
derived and in-house fabricated crystal suspensions. Panel A—Ultrasound and Compensated
Polarized Light Microscope (CPLM) images from serial dilutions of the thick milky fluid collected
from the olecranon bursa at the time of surgical resection of a large tophus. Panel B—Ultrasound and
CPLM images from similar serial dilutions of thick milky fluid collected from aspirate of an acute
gouty knee flare and effusion. Panel C—Ultrasound and CPLM images of serial dilutions of in-house
derived synthetic crystals.

For the olecranon bursa aspirate, the density of aggregates began to diminish at 1:8
dilution, significantly by 1:64 and was indistinguishable from crystal free synovial fluid for
dilutions ≥ 1:128 dilutions. The corresponding CPLM showed aggregates of MSU crystals
through 1:16 dilutions. MSU crystals without aggregates could still be seen on CPLM down
to 1:512 dilutions.
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For the less dense knee aspirate, a similar pattern of aggregate detection was seen the
first four dilutions. The final three dilutions were indistinguishable from each other and
from synovial fluid control.

The fabricated MSU crystals were not detected as aggregates either by US or CPLM.
The synthetic synovial dilutions had a more homogenous hyperechoic appearance without
the appearance of aggregates on US. Numerous synthetic crystals were also seen without
any packing or clustering.

For the crystal free control fluid and the most dilute suspensions, faint hyperechoic
sonographic flecks are noted. These echogenic flecks are infrequent and less intense
than aggregates detected in the more concentrated samples and may represent residual
microbubbles.

4. Discussion

While detection of synovial fluid MSU crystals is diagnostic of gout, the aspiration
of smaller joints is technically difficult, painful and performed less frequently in primary
care offices [10]. US offers imaging capable of detecting MSU crystal deposits in joints and
periarticular regions. The double contour sign and hyperechoic aggregates are the most
common findings on the sonography of joints affected by MSU crystal deposition [11]. Our
study demonstrates an association between presence US aggregates and the density of
MSU crystals in synovial fluid analysis by CPLM examination.

Animal studies demonstrate that synovial-based MSU clusters correlate with US ag-
gregates. These synovial crystal clusters were capable of inducing strong inflammatory
reactions as noted on the histology and presence of power doppler ultrasound (PDUS) in re-
gions of US aggregates [8]. Schauer [12] reported that MSU crystals induce the aggregation
of neutrophil extracellular traps (NETs) within 10 min in vitro. When neutrophils are at
high cell densities, the MSU-induced NETs form dense aggregates to sequester and degrade
the pro-inflammatory mediators. Intraperitoneal injection of MSU crystals into mice treated
with thioglycate, to induce neutrophil accumulation, resulted in aggregated MSU crystals.
Furthermore, MSU crystals were found to promote such aggregation in a dose-dependent
manner [12]. The more concentrated patient-derived dilutions, under CPLM in our study,
frequently noted tightly packed MSU crystal aggregations. (See Figure 1, Olecranon CPLM
panels 1:1, 1:2, and 1:8; Knee aspirate original sample and 1:1 through 1:4). Despite similar
MSU crystal density, the fabricated crystals were not detected as aggregates on US or crystal
packing under CPLM as observed from the patient-derived samples. These differences
may reflect that synthetic suspensions lack other factors that contribute to crystal clumping
(such as NETosis or fibrous structures that would be found in solid tophi) [13,14].

The limitations to our study include sampling error as the fluid in the Eppendorf tubes
does not mimic the exact environment in the synovium of the knee or olecranon bursa.
We tried to minimize settling and uneven dispersion by agitating the suspensions prior
to scanning, but MSU crystals and aggregates do settle. Microbubbles formed during the
mixing process may not have fully dissolved despite mixing and could be misconstrued
as aggregates on MSUS. To limit this potential artifact, we evaluated the microbubble
resolution over time and favored longer standing (greater risk of settling) times to minimize
microbubble artifacts.

As we did not seek a specific US threshold (e.g., X aggregates per cm2) and with an
expected low reproducibility related to sampling error, we did not conduct tests to evaluate
the reproducibility or intra- or inter-rater reliability of our methods.

US aggregates can be seen in patients with CPPD. Similarly dense CPPD crystal
aspirates are exceedingly rare and often small in size [15]. We did not look at clinical
aspirates from patients with CPPD, and therefore cannot comment on potential similarities
or differences. However, other authors have commented that US aggregates of MSU
crystals have a higher degree of variability in size, shape and echogenicity compared
with those of CPP. CPP US aggregates tend to be more uniform [16]. Other US findings
(such as the double contour finding) more reliably distinguish MSU from CPP deposition
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by the anatomical location of the crystal deposition [17,18]. In a proof-of-concept study,
Filippou et al. noted that CPP does not generate substantial acoustic shadowing unlike
hydroxyapatite (HA) or MSU crystals, which attenuate US in proportion to the crystal
concentration. HA and MSU crystals were seen to attenuate the US beam at greater crystal
concentrations in turn generating acoustic shadowing, whereas CPP did not regardless of
an increased concentration [19].

OMERACT recognized that US aggregates are non-specific and later changed the
overarching principle in which aggregates can only be scored if other US features of gout
such as the DCS and/or tophi are/have been present and are not located in a tophus [20].

However, in clinical cases where there is no definitive US evidence of gout (tophi or
DCS) and synovial aspiration is desired, our data suggest that the clinician ought to target
a joint with US aggregates given the correlation with higher concentrates of CPLM MSU
deposition. Observations from our methodology were collected in vitro. We need to be
cautious as these observations may not translate to naturally occurring synovial dilutions.
An in vivo dilutional study would be neither practical nor replicate clinical experience. To
evaluate clinical correlates of US aggregates, a clinical study would require comparison of
hundreds of aspirations (with and without US aggregates) and subsequent correlation with
CPLM detection of crystals.

With the greater focus on less invasive techniques to diagnose crystal induced arthritis,
studies comparing varying detection modalities may add value on the certainty of US find-
ings. For example, there have been comparison studies between MSUS and DECT [21–23].
Additionally, Spectral Photon-Counting Computed Tomography (SPCCT) has been able to
show finer crystal details than DECT [24]. Studies comparing US and SPCCT or other imaging
modalities may be beneficial to validating US findings of aggregates.

In summary, the findings of aggregates on US images in patients with gout argue for
higher concentrations of MSU crystals. Where the diagnosis of gout has not already been
established, finding US aggregates would prompt a suspicion of gout and identify a good
candidate target joint for diagnostic aspiration.
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