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TO THE EDITOR

Calcium hydroxylapatite (CaHA) prepackaged injectable filler is often selected for clinical 

use given its in vivo longevity and biostimulatory effects on neocollagenesis. CaHA-

associated adverse events are uncommon but may include nodule formation, infection, 

product migration, overcorrection, and intravascular occlusion (Alam et al., 2015). Unlike 

for hyaluronic acid‒based fillers, there is currently no reversal agent for CaHA.

Percutaneous injection of sodium thiosulfate (STS) has been proposed as a potential reversal 

agent given its utility in other cutaneous calcifying disorders, such as calciphylaxis (Gabel et 

al., 2021; Strazzula et al., 2013) and calcinosis cutis (Gunasekera et al., 2017; Smith, 2013). 

However, the mechanism of interaction of STS with CaHA remains unclear. Consequently, 

we constructed both in vitro and ex vivo models to compare the effect of STS with that 

of saline on CaHA and to determine to what extent the action of STS, if any, may be 
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attributable to the dissolution of individual CaHA microspheres versus the dispersion of 

CaHA through a fluid volume effect (this study was reviewed by Northwestern University 

Institutional Review Board number STU00009443).

In our in vitro experiment, CaHA (Radiesse, Merz North America, Raleigh, NC) 

microsphere size was assessed after exposure to STS (Sodium Thiosulfate Injection, USP, 

12.5 g/50 ml, Hope Pharmaceuticals, Scottsdale, AZ) or saline under room temperature or 

simulated physiologic (37 °C, 5% carbon dioxide) conditions. Two identical microplates 

were prepared containing three samples of each CaHA:STS dilution (1:4, 1:2, 1:1, 2:1, 4:1) 

and one sample of each CaHA:saline dilution (1:4, 1:2, 1:1, 2:1, 4:1). One microplate was 

incubated at simulated physiologic conditions (37 °C, 5% carbon dioxide) for 24 hours, and 

the other was stored at 25 °C for 24 hours. Samples were placed on microscope slides. A 

total of 27 images per STS condition and 3 images per saline condition were captured at ×5 

magnification. Microsphere diameter (in μm) was calculated using ImageJ (version 1.53k; 

National Institutes of Health, Bethesda, MD).

In our ex vivo experiment, a human skin model was used to study CaHA microsphere 

dispersion after exposure to STS or saline. Four full-thickness tissue samples were collected 

from eight patients. Three samples were injected with 0.1 ml of CaHA followed by 0.4 

ml 25% STS; the remaining sample received 0.1 ml of CaHA followed by 0.4 ml of 

saline. After incubation in RPMI medium for 24 hours at 37 °C and 5% carbon dioxide, 

samples were fixed in formalin, embedded en face, sectioned into 4-μm thick sections, and 

stained with H&E. Microsphere dispersion was assessed by measuring the distance from 

the central injection point to the furthest radial point at which microspheres were identified 

using Olympus CellSens Software and a digital micrometer (Olympus, Tokyo, Japan). A 

maximum dispersion distance was recorded for each of the eight sections per sample. For 

each sample, an average maximum dispersion distance was calculated. Continuous variables 

were compared with a Student’s t-test using P < 0.05.

When exposed to STS in both room temperature and simulated physiologic conditions, 

CaHA microspheres decreased in diameter compared with the saline condition at all STS 

dilutions, with the exception of the 1:4 dilution in the simulated physiologic condition (28.2 

± 9.3 vs. 27.9 ± 10.2 μm) (Figure 1). CaHA microsphere size was not monotonically 

associated with increasing or decreasing concentrations of STS or with increasing or 

decreasing concentrations of saline.

In our ex vivo human tissue model, the distance traveled (i.e., dispersion) by microspheres 

from the center of the CaHA bolus after injection of STS was not statistically different 

from the distance traveled after injection of an equivalent volume of saline. The average 

maximum distance traveled was 2.87 ± 0.82 mm for STS and 2.88 ± 0.78 mm for saline 

samples (Table 1).

In summary, our in vitro analysis suggests that STS decreases CaHA microsphere size 

compared with saline. This effect was notable under both room temperature and simulated 

physiologic conditions and may be responsible for any apparent effect that occurs in vivo. 

Our ex vivo analysis showed comparable dispersion of microspheres in samples treated 
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with STS and saline, suggesting that STS clearance may also be dependent on microsphere 

dispersion due to the volume of solvent. Overall, STS appears to act by reducing the 

diameter of CaHA microspheres and dispersing the aliquot of CaHA.

Our results add clarity to promising initial reports in which histologic analysis of porcine 

skin samples injected with CaHA and STS showed an inability to detect CaHA microspheres 

after 24 hours (Robinson, 2018), with a lack of clarity on whether microspheres had been 

reduced in size or merely missed owing to tissue processing artifact. Our findings can 

also be compared with those of an in vitro analysis evaluating CaHA droplet density in 

cadaveric facial arteries after exposure to STS or saline. Using gray-scale imaging, the 

authors found increasing disintegration of CaHA with increasing concentrations of STS 

(Yankova et al., 2021). Similar to Yankova et al. (2021), we found an effect of STS on 

microsphere size reduction, consistent with a mechanism of disintegration. However, in 

contrast to the finding of Yankova et al. (2021), we found no linear relationship between 

STS concentration and CaHA microsphere size reduction. Finally, another in vitro analysis 

found no CaHA disintegration after exposure to 25% STS (Danysz et al., 2020), but this 

study investigated only a single concentration of STS and assessed microsphere surface 

behavior, a less relevant measure than microsphere size and droplet density, which was 

assessed in this study and that of Yankova et al. (2021), respectively.

Our study limitation was the use of a single concentration of 25% STS in our ex vivo model. 

Moreover, in living tissue, there may be additional interactions between CaHA and STS over 

time and with the surrounding biologic environment. Finally, concentrated saline solutions 

may have led to the aggregation of inorganic salts appearing on image analysis as small 

microspheres, measurement of which may have led to the apparently reduced average CaHA 

microsphere size in the saline group of the 1:4 dilution.

In summary, we found that STS reversal of CaHA entails spreading the volume of injected 

filler and reducing the size of CaHA microspheres. Thus, in addition to its therapeutic 

potential in the treatment of calciphylaxis and calcinosis cutis, STS may be helpful in 

reversing injectable CaHA for soft tissue augmentation.
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Figure 1. 
In vitro microsphere diameter after treatment with STS or saline. (a) Average diameters 

under room temperature conditions; (b) Average diameters under simulated physiologic 

conditions at 37 °C and 5% carbon dioxide to maintain a pH of 7.4. ∗P < 0.05. STS, sodium 

thiosulfate.
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Table 1.

Microsphere Dispersion Distance in Ex Vivo Human Tissue after 24-Hour Incubation, Tissue Fixation, and 

Histologic Sectioning

Solution
1 Average Maximum Dispersion

Distance – SD (mm) P-Value

STS (n ¼ 159) 2865.2 ± 824.0 0.8897

Normal saline (n ¼ 51) 2882.9 ± 780.7

Abbreviation: STS, sodium thiosulfate.

1
Solution: n ¼ number of sections
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