Deng et al. Arthritis Research & Therapy (2025) 27:56 Arthritis Research & Thera py
https://doi.org/10.1186/s13075-025-03533-8

RESEARCH Open Access

®

Check for
updates

Efficacy of adipose stromal cells-enriched
high-density fat graft combined with BTX-A
for Raynaud’s phenomenon: a prospective
cohort study

Chengliang Deng'?, Xin Liu?, Miaomiao Wei?, Bihua Wu?, Tianhua Zhang?, Shune Xiao??, Peiru Min'" and
Yixin Zhang"

Abstract

Background Conventional treatments for Raynaud’s phenomenon (RP) often show limited effectiveness due to their
inability to address both vascular and inflammatory aspects. This study evaluates the combination of high-density fat
grafting (HDFG) with botulinum toxin A (BTX-A) for treating RP.

Methods Eleven patients with 20 affected hands diagnosed with RP were recruited and randomly assigned to
receive either HDFG combined with BTX-A (intervention group, n=11) or HDFG alone (control group, n=9). Efficacy
was assessed using Visual Analog Scale (VAS) pain scores and McCabe Cold Sensitivity Scores, along with finger ulcer
healing time and infrared thermal imaging to evaluate blood perfusion improvements.

Results The HDFG-BTX group showed significant improvements in hand symptoms. VAS pain scores decreased from
a pre-treatment mean of 5.33 to 0.84 post-treatment (mean reduction of 4.49, p=0.018), indicating effective pain
relief. McCabe scores improved from 272.73 to 75.00 (mean reduction of 197.73, p=0.001), demonstrating reduced
cold sensitivity. Ulcer healing time was shorter in the HDFG-BTX group (14.25 days) compared to HDFG alone (25.6
days, p<0.001), highlighting faster recovery. Infrared imaging indicated significant enhancements in blood perfusion.

Conclusion HDFG combined with BTX-A is a reliable and beneficial intervention for RP, leading to high patient
satisfaction.

Key message

- Combining high-density fat grafting with botulinum toxin A significantly improves symptoms in Raynaud's
phenomenon.

- This novel therapy enhances pain relief, blood flow, and ulcer healing, demonstrating strong patient satisfaction.
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Introduction

Raynaud’s phenomenon (RP) is characterized by recur-
rent spasms in peripheral blood vessels, causing signifi-
cant cold sensation and a distinctive “three-phase color”
change in the affected fingers [1]. Predominantly affect-
ing young and middle-aged women, RP has an annual
incidence approaching 5%, significantly impacting
patients’ quality of life due to pain, ulceration, and severe
ischemia, which can lead to bone exposure and amputa-
tion [2—4]. Current treatments aim to prevent and reduce
attacks through lifestyle modifications and pharmacolog-
ical interventions, such as calcium channel blockers and
endothelin receptor blockers [5, 6]. However, these treat-
ments often have limited efficacy and can result in severe
adverse reactions like ulcers and gangrene [7]. Surgical
treatments for RP are invasive, costly, and often have high
recurrence rates, thus are mainly used for severe cases,
particularly with complications like Sjogren’s syndrome,
digital ulcers, or necrosis [8]. These challenges highlight
the urgent need for more effective and less invasive treat-
ment options.

Autologous fat grafting (AFG) has gained traction
in plastic surgery for its dual role as a filler and its abil-
ity to promote angiogenesis and wound healing [9-11].
AFG has shown promise for RP, despite low stromal cell
concentrations in non-centrifuged fat [12, 13]. Research
indicates that stromal cells play a significant role in pain
relief and ulcer healing in RP [14, 15]. High-density
fat grafting (HDFG) enhances AFG by incorporating a
higher concentration of stromal cells, potentially lead-
ing to better therapeutic outcomes [16]. Botulinum toxin
type A (BTX-A) is popular for its ability to inhibit neu-
rotransmitter release, performing chemical denervation
[17]. BTX-A-assisted fat transplantation improves fat
graft retention by reducing muscle movement, enhancing
angiogenesis [18, 19]. Clinical studies have shown BTX-
A’s feasibility in treating RP, though some side effects
have been noted [20-22].

Preliminary studies indicate that HDFG enhances vas-
cularization and modulates inflammation in ischemic
tissues, while BTX-A improves fat graft survival and has
muscle-relaxing effects [23]. Both have anti-inflamma-
tory properties via different mechanisms. The proposed
combination of HDFG’s regenerative and immunomodu-
latory effects with BTX-A’s benefits may synergistically
enhance outcomes. This study hypothesizes that com-
bining these therapies will provide superior pain relief,
improved blood flow, and faster ulcer healing in RP
patients compared to individual treatments.

Methods

Patient selection and study design

This prospective cohort study aimed to evaluate the
efficacy of HDFG combined with BTX-A injection in
patients with RP. Prior to inclusion in this study, all
patients had undergone standard treatments, which
included phosphodiesterase 5 (PDE5) inhibitors and
other conventional therapies, under the supervision of
rheumatologists. These patients were selected for the
experimental procedure only after it was determined
that they had not responded to these standard treat-
ments, making them suitable candidates for the new
intervention. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013) and
was approved by the Clinical Research Ethics Commit-
tee of the Affiliated Hospital of Zunyi Medical Univer-
sity (N0.20210202). All patients gave written informed
consent, and the authors were allowed to use their case
details and photographs for scientific purposes. Clinical
trial registration number: Chinese Clinical Trial Registry
(https://www.chictr.org.cn/) ChiCTR2200057580.

Eleven patients (5 men and 6 women) were enrolled
between April 2022 and May 2023. Inclusion criteria
contained (1) all patients showed typical symptomatic RP
with symptoms lasting for at least 3 months; (2) the age
of the patients was 40 to 80 years and the BMI was 18.5
to 23.9 kg/m?% Exclusion criteria included (1) patients
who had whole finger necrosis requiring amputation;
(2) patients with a history of pharmacological or surgi-
cal interventions in the past 1 month; (3) patients with
severe cardiopulmonary involvement who could not tol-
erate the operation. Among the 11 patients included, one
had primary RP, and ten had secondary RP (four associ-
ated with scleroderma, one with mixed connective tissue
disease, and five secondary to other underlying diseases).
Five patients had ulcers in both hands, four had ulcers in
the right hand, and two had no ulcers.

Patients were prospectively followed after enrollment.
The intervention group received HDFG combined with
BTX-A (n=11), while the control group received HDFG
alone (n=9). Randomization was done using a computer-
generated table. Each hand received 35 mL of high-den-
sity fat graft and 100 units of BTX-A (Fig. 1). Data was
collected from 20 hands in 11 patients via a questionnaire
survey conducted by independent plastic surgeons. Two
patients had one hand treated, and nine had both hands
treated, with no repeated interventions. Analyses treated
each hand as independent. Reductions in Visual Analog
Scale (VAS) and McCabe cold sensitivity scores pre- and
post-operation showed no significant difference between
one-hand and two-hand treatments (VAS: p=0.327, Z =
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high-density fat grafting
(HDFG) alone

follow-up 1 year

follow-up 1 year

Lost to follow-up (N=0)

Lost to follow-up (N=0)

Fig. 1 Flow chart of this prospective cohort study

-1.063; McCabe: p=1.000, Z=0.000), indicating similar
effectiveness regardless of the number of hands treated.
Patients were assessed at baseline and followed for one
year to monitor outcomes and adverse effects.

Preparation of high-density fat and postoperative
management

High-density fat was prepared using the Coleman tech-
nique and centrifugation, as previously described, with
the patient under anesthesia [24]. Briefly, adipose tissue
was harvested from the lower abdomen after infiltration
with 1000 mL of Ringer’s solution containing 15 mL of
5% xylocaine and adrenaline 1/100,000. The harvested
fat tissue was centrifuged at 1200 g for 3 min, and high-
density fat was obtained by introducing a glass float
labeled (DGA/FLOAT, British Ray-Ran Testing Equip-
ment Co., Ltd., UK) with a density of 0.935 g/ml during

centrifugation. High-density fat was defined as >0.935 g/
ml (Fig. 2a).

A stab incision was made using an 18-gauge needle,
and then fat grafting was performed using 1-mL syringes
connected with a blunt 1.2-mm diameter cannula. High
density fat was diffusely distributed and injected into
several planes (palmar, dorsal, and metacarpal spaces): 4
mL along the superficial palmar arch, 2 mL in the volar
webspaces, 3 mL in the first webspace, 10 mL in the dor-
sum of the hand, 2 mL in each dorsal webspace, and 3
mL in the snuffbox (Supplementary Video 1). Simulta-
neously, 100 units of BTX-A mixed with 5 mL of normal
saline were injected [22, 25]. The neurovascular bundles
at the base of all five fingers were injected with equal
doses of BTX-A (Fig. 2b). At the end of the liposuction,
the incisions were sutured with 5-0 nylon thread, and
sterile gauze was applied. Subsequently, the patient was
instructed to wear compression garments regularly to
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Fig. 2 (a) Schematic illustration of the preparation of high density fat and the combination therapy of HDFG with botulinum toxin A injection (BTX) for

RP (b) HDFG combined with BTX-A hand injection

reduce discomfort and swelling. The affected hand was
sterilely covered with gauze and bandaged, with reduced
activity within one week. We adopted the approach of
fat grafting along with injecting BTX-A based on exist-
ing literature that demonstrates the effectiveness of this
strategy in improving fat retention and patient outcomes.
Studies indicate that BT X-A enhances fat graft retention
through mechanisms such as promoting angiogenesis
and reducing muscle movement [19, 26—28]. This com-
bined effect can lead to better long-term results in man-
aging the symptoms of autoimmune hand diseases.

Isolation, culture, and flow cytometry assay of adipose-
derived stem cells (ADSCs)

Ten milliliters of high-density adipose tissue were
digested with type I collagenase (0.75 mg/mL, Solarbio,
Beijing, China) in phosphate-buffered saline at 37°C.
Subsequently, the mixtures were filtered, centrifuged,
and resuspended in Dulbecco’s modified Eagle’s medium
(Gibco, Thermo Fisher Scientific Inc) containing 10%
fetal bovine serum (Gibco). The stromal vascular fraction
cells were cultured at 37°C in 5% CO, in DMEM supple-
mented with 10% FBS and 1% penicillin-streptomycin
(Gibco). ADSCs were subcultured at 80% confluence,
and passage-3 cells (1 x 10%) were incubated with fluores-
cence-conjugated antibodies (CD105-PE, CD90-FITC,
CD73-APC, CD45-PE, CD19-PE, CD34-PE, CD11b-PE,
HLA-DR-PE) (1 mg/mL; Abcam, Cambridge, UK) and
analyzed by a flow cytometer (BD FACSAria™ III system;
BD Pharmingen).

Outcome assessment

The McCabe cold sensitivity score was employed to
assess finger sensitivity to cold before and after treat-
ment, according to previous reports [29]. The VAS pain
score was utilized to gauge the extent of finger pain relief

before and after treatment. Infrared thermal imaging was
used to observe changes in finger temperature before
and after the treatment. The percentage of blood perfu-
sion units in the hands was then calculated using Image
J software (Version 1.54j). In addition, the healing time of
finger ulcers was recorded.

Statistical analysis

Data are reported as means with standard deviations
(M+SD) for continuous variables and as frequencies
with percentages (n, %) for categorical variables. Sta-
tistical analysis was conducted using SPSS Statistics for
Windows, version 26.0 (IBM Corp., Armonk, NY). For
within-group comparisons of non-normally distrib-
uted data, the Wilcoxon signed-rank test assessed pre-
treatment versus post-treatment values. Between-group
comparisons used the Mann-Whitney U test for changes
between treatment groups. To evaluate the impact of
individual and combined factors on post-treatment
outcomes, multiple linear regression analysis included
variables such as treatment group, age, gender, ulcer
presence, and number of pre-operative ulcers. Addition-
ally, one-way ANCOVA adjusted for potential confound-
ing covariates to verify multiple linear regression results,
with differences between pre- and post-operative out-
comes as dependent variables and treatment group as the
independent variable. The repeated measures ANOVA
test evaluated changes over time (pre-operation, 7 days,
14 days, 1 month, 3 months, and 12 months) in VAS pain
scores and McCabe Cold Sensitivity Scores within each
group and assessed the interaction between treatment
and time.
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Results

Demographics data of patients

The average age of patients in the intervention and con-
trol groups was 57.82+11.29 years and 60.56+10.56
years, respectively, with no significant difference between
the two groups (p=0.541). The average BMI of all patients
was 22.5 kg/m?, ranging from 18.5 to 23.9, with no signif-
icant differences observed between the groups (p>0.05).
Regarding RP types, one patient (9.1%) had primary RP,
while ten patients (90.90%) had secondary RP: four with
scleroderma (36.4%), one with mixed connective tissue
disease (9.10%), and five with other diseases (45.50%).
Ulcer distribution among patients was as follows: five had
ulcers in both hands (45.5%), four had ulcers only in the
right hand (36.4%), and two had no ulcers (18.20%). The
average duration of ulcers was 17.33 £ 21.25 weeks. Post-
surgery, slight bruising and swelling were observed in the
first week, but no severe discomfort or complications
occurred during the follow-up period. Additional charac-
teristics of the patient groups are detailed in Table 1.

VAS pain score
In the HDFG-BTX group, preoperative scores ranged
from 2.2 to 9 (average 5.33+2.04), decreasing postop-
eratively to 0.2 to 1.4 (average 0.84+0.82). This resulted
in an average reduction of 4.49 +1.41 (Wilcoxon signed-
rank test, Z = -2.67, p=0.008), an 84.2% pain reduction
(p=0.018). The HDFG group showed preoperative scores
from 2 to 7 (average 4.27+1.53), dropping to 0.4 to 3.0
postoperatively (average 1.57+0.92). This was a reduc-
tion of 2.70+1.41, representing a 63.2% pain decrease
(Z = -2.94, p=0.003). The greater pain reduction in the
HDFG-BTX group was statistically significant compared
to the HDFG group (Mann-Whitney U test, Z = -2.36,
p=0.018). These findings are detailed in Table S1 and
shown in Fig. 3a-b.

A repeated measures ANOVA assessed treatment
effects over time at five points (7 days, 14 days, 1 month,

Table 1 Demographics data of patients

Page 5 of 12

3 months, 12 months). There was a significant main effect
of time (F=67.898, p<0.001) and a significant interac-
tion between time and treatment (F=5.964, p<0.001).
Post-hoc Bonferroni analyses highlighted significant dif-
ferences in VAS pain score reductions at specific times
within each group. At 3 and 12 months, the VAS score
reduction in the HDFG-BTX group was significantly
greater than in the HDFG group (p=0.025 and p=0.011,
respectively) (Fig. 4a-c).

McCabe cold sensitivity scores

After the treatment, all patients reported significant
relief in the symptom of finger sensitivity to cold. In the
HDFG-BTX group, the mean McCabe cold sensitiv-
ity score prior to treatment was 272.73 +75.38. Follow-
ing treatment, this mean score decreased significantly
to 75.00+48.73. This change reflects a substantial mean
reduction of 197.73 £49.31, equating to a 72.5% decrease
in cold sensitivity (Z = -2.70, p=0.003). Similarly, the
average McCabe cold sensitivity score in the HDFG
group was 258.33+51.54 before treatment. After treat-
ment, this average decreased to 136.11+50.17, indicat-
ing a significant reduction in cold sensitivity. The average
decrease of 122.22 +51.54 corresponds to a 47.3% reduc-
tion in sensitivity (Z = -2.95, p=0.007) (Fig. 3c). Compar-
atively, the reduction in McCabe cold sensitivity scores
was greater in the HDFG-BTX group than in the HDFG
group (Fig. 3d), with this difference being statistically sig-
nificant (Z = -3.31, p=0.001). This significant difference
highlights the superior efficacy of the combined HDFG
and BTX-A treatment in alleviating cold sensitivity
symptoms in patients with RP, as evidenced by a greater
reduction in McCabe cold sensitivity scores compared to
HDEFG alone.

To further evaluate treatment effects over time, a
repeated measures ANOVA was conducted to analyze
the reduction in McCabe cold sensitivity scores across
five time points (7 days, 14 days, 1 month, 3 months, 12

Patient Gender Age (years) Diagnosis Ulcers (pre-operation) Duration of Ulcers (week) Prior Intervention

1 M 61 SRP None None None

2 F 43 Scleroderma R 52 Botox, sympathectomy

3 M 54 SRP BH 9 calcium channel inhibitors
4 M 63 Scleroderma BH 56 Botox, sympathectomy

5 F 46 MCTD 13 calcium channel inhibitors
6 F 54 Scleroderma 1 None

7 F 48 Scleroderma 8 Botox

8 F 78 SRP BH 1 None

9 M 50 PRP BH 4 None

10 M 72 SRP BH 12 calcium channel inhibitors
11 F 67 SRP None None None

Note: PRP, primary Raynaud’s Phenomenon; SRP, secondary Raynaud’s Phenomenon; MCTD, mixed connective tissue disorder; R, right hand; BH, both hands. None
indicates that the patient did not receive the specific treatment listed, but it does not imply that the patient was treatment-naive. All patients had previously
received standard treatments but did not achieve satisfactory results before being considered for the experimental procedure
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months). The analysis demonstrated a significant main
effect of time (F=131.78, p< 0.001) and a significant
interaction between time and treatment (F=12.50, p<
0.001). Post-hoc analyses with the Bonferroni method
revealed notable differences in McCabe cold sensitiv-
ity scores reduction at specific time points within each
group. Notably, at 3 months and 12 months, the reduc-
tion in scores for the HDFG-BTX group was significantly
greater than that for the HDFG group (p=0.001 for both
groups) as shown in Fig. 4e-f.

Fingertip ulcer healing time

A total of 14 out of 20 hands (70%) had ulcers before
treatment, and among them, 13 hands healed after treat-
ment. One patient underwent distal finger amputation
2 weeks after the operation due to pre-existing fingertip
necrosis. All ulcers were completely healed within one
month after the operation and did not recur during the
1-year follow-up period. Figure 5a presents represen-
tative images depicting ulcer healing before and after

treatment. Follow-up results revealed that hand ulcers
in the HDFG-BTX group exhibited shorter healing times
compared with the HDFG group (Fig. 5b). The ulcer heal-
ing time was 14.25 +2.49 days for the HDFG-BTX group
and 25.6+4.34 days for the HDFG group. This differ-
ence was statistically significant (Z = -2.93, p=0.002) as
determined by the Mann-Whitney U test, suggesting that
HDFG-BTX was more effective than HDFG in promot-
ing ulcer healing.

Blood supply of the hands

Interestingly, following treatment with HDFG-BTX, sig-
nificant improvements were reported not only in pain
relief and sensitivity to cold but also in hand skin color,
soft tissue texture, elasticity (Supplementary Video 2).
Figure 5c illustrates representative images of the hand’s
appearance before and after treatment. Infrared thermal
imaging was utilized to assess blood flow in the hand,
revealing a significant improvement in blood supply
after treatment with HDFG-BTX. Figure 5d presents a
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Fig. 5 (a) Representative images depicting ulcer healing before and after treatment; (b) Ulcer healing time comparison between HDFG and HDFG-BTX
groups; Hand images and the results of infrared thermal imaging: (c) The representative images of the appearance of the hand before and after treatment
one year. The fingertip ulcers on the index and middle fingers healed 16 days after surgery and had not recurred after 1 year of follow-up; (d) A represen-
tative image of the hand's blood supply before and after treatment. There was evident insufficiency of blood supply before surgery, particularly in the
fingers with ulcers. One year post-surgery, the blood supply to the fingers was essentially restored; (e) There were significant differences in the percentage
of blood perfusion units in the hands of HDFG-BTX group before and after treatment; Identification of Adipose-derived stromal cells: (f) Adipose-derived
stromal cells from patients with RP (ADSCs-RP) subcutaneous adipose tissue displayed mesenchymal stem cell characteristics. Phase-contrast micrograph
of the ADSCs-RP demonstrated fibroblast morphology. Magnification: 40x; (g) Flow cytometric analysis of ADSCs-RP

representative image of the hand’s blood supply before
and after treatment. Notably, evident insufficiency of
blood supply was observed before surgery, particularly in
the fingers with ulcers. However, one year post-surgery,
the blood supply to the fingers was essentially restored.
Significant differences in the percentage of blood perfu-
sion units in the hands of the HDFG-BTX group before
and after treatment are shown in Fig. 5e.

Flow cytometry analysis of ADSCs-RP

We measured the number of SVF cells in high-density
fat tissue. The number of isolated SVF cells per milliliter
of fat tissue was 3.87+1.63x 10°, ranging from 1.67 to
6.82x10° cells. Flow cytometry analysis demonstrated
that the surface markers of ADSCs were highly posi-
tive in ADSCs-RP, including CD105 (PE 95.09%), CD90
(FITC 96.39%), CD73 (APC 99.94%), while surface mark-
ers, such as CD45/CD19/CD34/CD11b/HLA-DR were
negative (PE 1.73%) (Fig. 5f-g). The results suggested that
typical stromal stem cells, which have a powerful thera-
peutic effect, can still be found in autologous high-den-
sity fat from patients with RP.

Multiple linear regression and one-way ANCOVA analysis
for evaluation of treatment

To assess the impact of individual and combined fac-
tors on post-treatment outcomes, multiple linear regres-
sion analysis was conducted. The variables included in
the model were treatment group, age, gender, and ulcer
presence and its number pre-operation. The regres-
sion model revealed that the treatment group was a sig-
nificant predictor of the reduction in VAS pain scores
(R?=0.49, p<0.01) and McCabe cold sensitivity scores
(R?=0.63, p<0.001), with the HDFG-BTX group showing
significantly better outcomes compared with the HDFG
group. Specifically, the HDFG-BTX treatment resulted
in greater reductions in pain and cold sensitivity scores,
indicating a superior therapeutic effect. In contrast, age,
gender, ulcer presence and number of ulcers were not
significant predictors in the model, suggesting that these
factors did not significantly influence the post-treatment
outcomes within the context of this study. These findings
reinforce the effectiveness of the HDFG-BTX combina-
tion therapy in enhancing clinical outcomes for patients
with Raynaud’s phenomenon, positioning it as a poten-
tially superior treatment modality.

To further validate these results, we conducted a one-
way ANCOVA to control for potential confounding vari-
ables. This analysis confirmed that the treatment group
was the sole significant factor affecting difference in post-
treatment outcomes, with a significant effect observed
(p=0.006, F=10.244). This underscores the enhanced
efficacy of HDFG-BTX therapy in reducing VAS pain and
McCabe cold sensitivity scores compared with HDFG
alone. Importantly, the adjustment for covariates did not
alter the significance of the treatment group’s impact,
reinforcing the robustness of the observed therapeutic
benefits.

Discussion

Traditional treatments for RP often have side effects
and may not always provide satisfactory outcomes [30,
31]. This study explored a new therapeutic strategy by
integrating HDFG with BTX-A injection for RP treat-
ment. The HDFG-BTX group showed a significantly
greater reduction in VAS pain scores (4.49+1.41 vs.
2.70+1.41; p=0.018) and McCabe cold sensitivity scores
(197.73+49.31 vs. 122.2+29.17; p=0.001) compared
with the HDFG group. Ulcer healing time was shorter in
the HDFG-BTX group (14.25+2.49 days vs. 25.6+4.34
days; p<0.001). Infrared thermal imaging demonstrated
significant improvements in blood flow post-treatment.
Multiple linear regression analysis confirmed the HDFG-
BTX group as a significant predictor of reduced VAS
pain scores (R* = 0.49, p<0.01) and McCabe cold sen-
sitivity scores (R® = 0.63, p<0.001), while age, gender,
ulcer presence and number of ulcers were not significant
predictors.

Our findings align with studies demonstrating the ben-
efits of AFG in treating various conditions. Abergel et
al. [32] reported that AFG improves hand rejuvenation,
skin texture, and elasticity, consistent with our observed
enhancement in skin quality and blood perfusion.
Another study [12] showed AFG effectively treated RP in
patients unresponsive to medical management, similar
to our results with HDFG and BTX-A. AFG also effec-
tively treated skin complications and digital ulcers in RP
patients with systemic sclerosis [33]. However, conflict-
ing results exist, such as a case where fat injection did not
prevent necrosis in a patient with 10-digit ischemia due
to scleroderma [34].
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The discrepancy in results highlights the need for fur-
ther exploration of fat grafting mechanisms. Fat graft-
ing transfers a ADSCs from donor tissue to the recipient
area, promoting vascularization and anti-inflammatory
responses mainly through paracrine signaling [35, 36].
However, low ADSC concentration in conventional
fat may limit its effectiveness in treating RP. Enhanc-
ing ADSC concentration can be achieved through cen-
trifugation, which increases adipose tissue density and
functional cell content [37-39]. High-density fat, richer
in SVE, enhances the graft’s regenerative potential. Our
study used high-density fat, maintaining SVF content and
stem cell properties, consistent with previous findings
[24]. ADSCs secrete growth factors like VEGF and FGF,
crucial for angiogenesis and blood flow enhancement,
and anti-inflammatory cytokines such as IL-10 and TGF-
B, which reduce inflammation and support tissue repair.
These ADSC properties explain the superior outcomes of
high-density fat grafting in terms of pain relief, improved
blood flow, and accelerated ulcer healing in Raynaud’s
phenomenon patients.

BTX-A has proven effective in treating various con-
ditions such as strabismus, hyperhidrosis, neuropathic
pain, finger muscle spasticity, facial wrinkles, facial reju-
venation, and hair restoration, while also improving the
symptoms of RP [40]. However, there is limited clarity on
how BTX-A can improve the vasospasm and pain symp-
toms of RP. The current study categorizes this into three
aspects. First, the mechanism by which BTX-A improved
RP may be related to the blockage of the release of neu-
rotransmitter such as norepinephrine by cleaving SNAP-
25 in sympathetic neuron [41]. This suggests that BTX-A
could inhibit vasoconstriction and increase blood perfu-
sion by blocking the cholinergic system. Second, BTX-A
is able to inhibit the release of calcitonin gene-related
peptide and substance P, thus improving neuropathic
pain symptoms [42]. Third, BTX-A may promote vas-
cular regeneration by regulating angiogenesis regulator
genes, thereby improving the blood supply to the fingers
of Raynaud patients [43].

The combination of HDFG with BTX-A proves supe-
rior to HDFG alone in the treatment of RP, suggesting a
potential synergistic effect between the two. It has been
reported that the retention rate of AFG can be improved
by combining with botulinum toxin injection, and the
mechanism involves the augmentation of angiogenesis
and adipogenesis [23, 44]. We hypothesize two causes
for this synergistic effect. First, both HDFG and BTX-A
can be utilized in treating RP. Second, BTX-A injec-
tion enhances the retention rate of fat grafting, thereby
improving the therapeutic effect of HDFG. Nevertheless,
further studies are required to explore the underlying
mechanisms.
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This study is the first to report using HDFG com-
bined with BTX-A injection for treating RP. Patient
feedback was highly positive, with 90.9% (10 out of 11)
recommending the treatment. This high satisfaction
suggests the therapy is well-received, and its single-ses-
sion approach enhances convenience. However, limita-
tions include a small sample size and a short follow-up
period, which may not fully capture long-term efficacy
and safety. Future research should involve multicenter
trials with larger samples and longer follow-ups. Addi-
tionally, the study assumed interventions on each hand
were independent, with no significant outcome differ-
ences between one-hand and two-hand treatments (VAS:
p=0.327; McCabe: p=1.000). However, the small num-
ber of one-hand cases (7 =2) limits the robustness of this
finding. Further investigation is needed to confirm these
preliminary observations and explore the impact of treat-
ing one or both hands.

Conclusion

In summary, we introduced a novel therapeutic method
to treat RP-HDFG combined with BTX-A injection.
This method not only significantly improved the clinical
symptoms of RP but also promoted the rejuvenation of
the skin of the hand. The mechanism may be related to
the immune regulation and angiogenic effect of ADSCs
and the anti-vasospasm effect of the botulinum toxin,
which have a synergistic effect. Overall, this method
seems to be a safe and beneficial intervention for RP.
Future research should focus on conducting randomized
controlled trials (RCTs) to further evaluate the mecha-
nisms underlying the combined therapy. Such studies
would provide more definitive evidence regarding the
efficacy and safety of this innovative treatment, as well
as insights into its effects and potential applications in
broader clinical contexts.

Abbreviations

ADSCs  Adipose-derived stem cells
AFG Autologous fat grafting

BTX-A Botulinum toxin A
HDFG High-density fat grafting
PDES Phosphodiesterase 5

RP Raynaud's phenomenon
VAS Visual Analog Scale

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/513075-025-03533-8.

Supplementary Material 1: Supplementary Table S1. Detailed results of
patients

Supplementary Material 2: Supplementary Video 1. High density fat were
diffusely distributed and injected into several planes

Supplementary Material 3: Supplementary Video 2. After treatment with
HDFG-BTX, the skin color, soft tissue texture, and elasticity of the hand
were also significantly improved



https://doi.org/10.1186/s13075-025-03533-8
https://doi.org/10.1186/s13075-025-03533-8

Deng et al. Arthritis Research & Therapy (2025) 27:56

Acknowledgements
The authors acknowledge the hospital staff for their assistance in data
collection.

Author contributions

Conception and design: YZ, PM; Analysis and interpretation: CD, MW, BW, TZ,
SX; Data collection: CD, XL, MW; Writing the article: CD, XL; Critical revision
of the article: MW, BW, TZ, SX, PM, YZ; Statistical analysis: CD, YZ; Obtained
funding: CDOverall responsibility: YZ. All authors reviewed the manuscript.

Funding

This study was supported by the Key Projects of Science and Technology Plan
of Guizhou Province (ZK2021-011), the Collaborative Innovation Center of
Chinese Ministry of Education (2020-39), and the Program for Future Famous
Clinical Doctors of Zunyi Medical University (rc220211202).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The study was conducted in compliance with all relevant national regulations
and institutional policies and was approved by the Clinical Research

Ethics Committee of the Affiliated Hospital of Zunyi Medical University
(N0.20210202). Furthermore, informed consent forms were signed by all
participants to ensure their voluntary participation in the study.

Consent for publication
Written informed consent for publication of their clinical details and/or clinical
images was obtained from the patient.

Competing interests
The authors declare no competing interests.

Author details

'Department of Plastic and Reconstructive Surgery, Shanghai Ninth
People’s Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai, China

Department of Burns and Plastic Surgery, Affiliated Hospital of Zunyi
Medical University, Zunyi, China

*The Collaborative Innovation Center of Tissue Damage Repair and
Regeneration Medicine, Zunyi Medical University, Zunyi, China

Received: 21 August 2024 / Accepted: 11 March 2025
Published online: 19 March 2025

References

1. Stringer T, Femia AN. Raynaud's phenomenon: current concepts. Clin Derma-
tol. 2018;36(4):498-507. https://doi.org/10.1016/j.clindermatol.2018.04.007

2. Herrick AL, Wigley FM. Raynaud's phenomenon. Best Pract Res Clin Rheuma-
tol. 2020;34(1):101474. https://doi.org/10.1016/j.berh.2019.101474

3. Hughes M, Allanore Y, Chung L, Pauling JD, Denton CP, Matucci-Cerinic M.
Raynaud phenomenon and digital ulcers in systemic sclerosis. Nat Rev Rheu-
matol. 2020;16(4):208-21. https://doi.org/10.1038/541584-020-0386-4

4. Ramien M, Brassard A. The challenge of scleroderma ulcers. J Cutan Med
Surg. 2009;13(3suppl):542-8. https://doi.org/10.2310/7750.2009.00010

5. Neumeister MW. Botulinum toxin type A in the treatment of Raynaud's
phenomenon. J Hand Surg. 2010;35(12):2085-92. https://doi.org/10.1016/jjh
5a.2010.09.019

6.  Dhaliwal K, Griffin MF, Salinas S, Howell K, Denton CP, Butler PEM. Optimisa-
tion of botulinum toxin type a treatment for the management of Raynaud's
phenomenon using a dorsal approach: a prospective case series. Clin Rheu-
matol. 2019;38(12):3669-76. https://doi.org/10.1007/510067-019-04762-4

7. Hinze AM, Wigley FM. Pharmacotherapy options in the management of
Raynaud'’s phenomenon. Curr Treat Options Rheumatol. 2018;4(3):235-54. htt
ps://doi.org/10.1007/540674-018-0102-6

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 11 of 12

YuF, LiuY, Zhang C, Pang B, Zhang D, Zhao W, et al. Efficacy analysis of mini-
mally invasive surgery for Raynaud's syndrome. BMC Surg. 2023;23(1):313. htt
ps://doi.org/10.1186/512893-023-02225-x

Azoury SC, Shakir S, Bucky LP, Percec I. Modern fat grafting techniques to the
face and neck. Plast Reconstr Surg. 2021;148(4):620e-33e. https://doi.org/10.
1097/PRS.0000000000008405

Fredman R, Katz AJ, Hultman CS. Fat grafting for burn, traumatic, and surgical
scars. Clin Plast Surg. 2017;44(4):781-91. https://doi.org/10.1016/j.cps.2017.05
009

Magalon G, Daumas A, Sautereau N, Magalon J, Sabatier F, Granel B.
Regenerative approach to scleroderma with fat grafting. Clin Plast Surg.
2015;42(3):353-64. https://doi.org/10.1016/j.cps.2015.03.009

Bank J, Fuller SM, Henry Gl, Zachary LS. Fat grafting to the hand in patients
with Raynaud phenomenon: a novel therapeutic modality. Plast Reconstr
Surg. 2014;133(5):1109-18. https://doi.org/10.1097/PRS.0000000000000104
Pignatti M, Spinella A, Cocchiara E, Boscaini G, Lusetti IL, Citriniti G, et al.
Autologous fat grafting for the oral and digital complications of systemic
sclerosis: results of a prospective study. Aesthetic Plast Surg. 2020;44(5):1820-
32. https://doi.org/10.1007/500266-020-01848-2

Pappalardo M, Montesano L, Toia F, Russo A, Di Lorenzo S, Dieli F, et al. Immu-
nomodulation in vascularized composite allotransplantation: what is the role
for adipose-derived stem cells? Ann Plast Surg. 2019,82(2):245-51. https://doi
.0rg/10.1097/SAP0000000000001763

Starnoni M, Pappalardo M, Spinella A, Testoni S, Lattanzi M, Femino R, et al.
Systemic sclerosis cutaneous expression: management of skin fibrosis and
digital ulcers. Ann Med Surg (Lond). 2021;71:102984. https://doi.org/10.1016/j
.amsu.2021.102984

QiuL, SuY, Zhang D, Song Y, Liu B, Yu Z, et al. Identification of the centrifuged
lipoaspirate fractions suitable for postgrafting survival. Plast Reconstr Surg.
2016;137(1):67e-76e. https://doi.org/10.1097/prs.0000000000001883

Berry MG, Stanek JJ. Botulinum neurotoxin A: a review. J Plast Reconstr
Aesthet Surg. 2012;65(10):1283-91. https://doi.org/10.1016/j.bjps.2012.04.016
Baek RM, Park SO, Jeong EC, Sik Oh H, Kim SW, Minn KW, et al. The effect of
botulinum toxin A on fat graft survival. Aesthetic Plast Surg. 2012;36(3):680-6.
https://doi.org/10.1007/500266-011-9864-z

Wu M, Li Y, Wang Z, Feng J, Wang J, Xiao X, et al. Botulinum toxin A improves
supramuscular fat graft retention by enhancing angiogenesis and adipo-
genesis. Dermatol Surgery: Official Publication Am Soc Dermatol Surg [et al].
2020;46(5):646-52. https://doi.org/10.1097/dss.0000000000002106
Neumeister MW, Chambers CB, Herron MS, Webb K, Wietfeldt J, Gillespie JN,
et al. Botox therapy for ischemic digits. Plast Reconstr Surg. 2009;124(1):191-
201. https://doi.org/10.1097/PRS.0b013e3181a80576

Wissel J, Bensmail D, Ferreira JJ, Molteni F, Satkunam L, Moraleda S, et al.
Safety and efficacy of incobotulinumtoxina doses up to 800 U in limb spastic-
ity: the TOWER study. Neurology. 2017;88(14):1321-8. https://doi.org/10.1212
/WNL.0000000000003789

Ennis D, Ahmad Z, Anderson MA, Johnson SR. Botulinum toxin in the man-
agement of primary and secondary Raynaud's phenomenon. Best Pract Res
Clin Rheumatol. 2021;35(3):101684. https://doi.org/10.1016/j.berh.2021.10168
4

ShiN, SuY, Guo S, Zhang Z, Qiu L, Yi C. Improving the retention rate of fat
grafts in recipient areas via botulinum toxin A treatment. Aesthetic Surg J.
2019;39(12):1436-44. https://doi.org/10.1093/asj/sjz073

Wang X, Guan J, Chen Y, LiY, Lu F, Dong Z. Density-based high-quality fat:
characterization and correlation with different body fat ratio. Aesthetic Plast
Surg. 2022;46(6):3003-12. https://doi.org/10.1007/500266-022-02973-w

Bello RJ, Cooney CM, Melamed E, Follmar K, Yenokyan G, Leatherman G,

et al. The therapeutic efficacy of botulinum toxin in treating scleroderma-
associated Raynaud’s phenomenon: a randomized, double-blind, placebo-
controlled clinical trial. Arthritis Rheumatol. 2017,69(8):1661-9. https://doi.org
/10.1002/art40123

Maldonado GEM, Pérez CAA, Covarrubias EEA, Cabriales SAM, Leyva LA,

Pérez JCJ, et al. Autologous stem cells for the treatment of post-mastectomy
lymphedema: a pilot study. Cytotherapy. 2011;13(10):1249-55. https://doi.org
/10.3109/14653249.2011.594791

Tang Q, Chen C,Wang X, LiW, Zhang Y, Wang M, et al. Botulinum toxin A
improves adipose tissue engraftment by promoting cell proliferation, adipo-
genesis and angiogenesis. Int J Mol Med. 2017;40(3):713-20. https://doi.org/1
0.3892/ijmm.2017.3073

Zheng Z, Hao Y, Yin J, Lei X, Cheng B, Huang W. Autogenous fat transplanta-
tion and botulinum toxin injection into the masseter muscle to create an


https://doi.org/10.1016/j.clindermatol.2018.04.007
https://doi.org/10.1016/j.berh.2019.101474
https://doi.org/10.1038/s41584-020-0386-4
https://doi.org/10.2310/7750.2009.00010
https://doi.org/10.1016/j.jhsa.2010.09.019
https://doi.org/10.1016/j.jhsa.2010.09.019
https://doi.org/10.1007/s10067-019-04762-4
https://doi.org/10.1007/s40674-018-0102-6
https://doi.org/10.1007/s40674-018-0102-6
https://doi.org/10.1186/s12893-023-02225-x
https://doi.org/10.1186/s12893-023-02225-x
https://doi.org/10.1097/PRS.0000000000008405
https://doi.org/10.1097/PRS.0000000000008405
https://doi.org/10.1016/j.cps.2017.05.009
https://doi.org/10.1016/j.cps.2017.05.009
https://doi.org/10.1016/j.cps.2015.03.009
https://doi.org/10.1097/PRS.0000000000000104
https://doi.org/10.1007/s00266-020-01848-2
https://doi.org/10.1097/SAP.0000000000001763
https://doi.org/10.1097/SAP.0000000000001763
https://doi.org/10.1016/j.amsu.2021.102984
https://doi.org/10.1016/j.amsu.2021.102984
https://doi.org/10.1097/prs.0000000000001883
https://doi.org/10.1016/j.bjps.2012.04.016
https://doi.org/10.1007/s00266-011-9864-z
https://doi.org/10.1007/s00266-011-9864-z
https://doi.org/10.1097/dss.0000000000002106
https://doi.org/10.1097/PRS.0b013e3181a80576
https://doi.org/10.1212/WNL.0000000000003789
https://doi.org/10.1212/WNL.0000000000003789
https://doi.org/10.1016/j.berh.2021.101684
https://doi.org/10.1016/j.berh.2021.101684
https://doi.org/10.1093/asj/sjz073
https://doi.org/10.1007/s00266-022-02973-w
https://doi.org/10.1002/art.40123
https://doi.org/10.1002/art.40123
https://doi.org/10.3109/14653249.2011.594791
https://doi.org/10.3109/14653249.2011.594791
https://doi.org/10.3892/ijmm.2017.3073
https://doi.org/10.3892/ijmm.2017.3073

Deng et al. Arthritis Research & Therapy

29.

30.

31.

32.

33.

34.

35.

36.

37.

(2025) 27:56

ideal oval face. Aesthet Surg J. 2021;41(6):Np579-88. https://doi.org/10.1093/
asj/sjaa324

McCabe SJ, Mizgala C, Glickman L. The measurement of cold sensitivity of the
hand. J Hand Surg. 1991;16(6):1037-40. https://doi.org/10.1016/50363-5023(1
0)80065-6

Uppal L, Dhaliwal K, Butler PE. A prospective study of the use of botulinum
toxin injections in the treatment of Raynaud'’s syndrome associated with
scleroderma. J Hand Surg Eur Volume. 2014;39(8):876-80. https://doi.org/10.1
177/175319341351624

Neumeister MW. The role of botulinum toxin in vasospastic disorders of the
hand. Hand Clin. 2015;31(1):23-37. https://doi.org/10.1016/j.hcl.2014.09.003
Abergel RP, David LM. Aging hands: a technique of hand rejuvenation

by laser resurfacing and autologous fat transfer. ] Dermatol Surg Oncol.
1989;15(7):725-8. https://doi.org/10.1111/j.1524-4725.1989.tb03619.x
Fukuba M, Uozaki H, Komuro Y. Effectiveness of the combination of fat
grafting and injection on radiation ulcer healing. J Plast Surg Hand Surg.
2020;54(1):24-8. https://doi.org/10.1080/2000656X.2019.1657436

Pavlidis L, Sapountzis S, Spyropoulou GA, Demiri E. Fat grafting to the hand

in patients with Raynaud phenomenon: a novel therapeutic modality. Plast
Reconstr Surg. 2015;135(1):e229-30. https://doi.org/10.1097/PRS.0000000000
000814

Al-Ghadban S, Bunnell BA. Adipose tissue-derived stem cells: immunomodu-
latory effects and therapeutic potential. Physiology. 2020;35(2):125-33. https:
//doi.org/10.1152/physiol.00021.2019

Rautiainen S, Laaksonen T, Koivuniemi R. Angiogenic effects and crosstalk

of adipose-derived mesenchymal stem/stromal cells and their extracellular
vesicles with endothelial cells. Int J Mol Sci. 2021;22(19):10890. https://doi.org
/10.3390/ijms221910890

Guan J,He'Y,Wang X, YaoY, Li Y, Wang Z, et al. Identification of high-quality fat
based on precision centrifugation in lipoaspirates using marker floats. Plast

38.

39.

40.

41.

42.

43.

Page 12 of 12

Reconstr Surg. 2020;146(3):541-50. https://doi.org/10.1097/PRS.00000000000
07063

Allen RJ Jr, Canizares O Jr, Scharf C, Nguyen PD, Thanik V, Saadeh PB, et al.
Grading lipoaspirate: is there an optimal density for fat grafting? Plast Recon-
strSurg. 2013;131(1):38-45. https://doi.org/10.1097/PRS.0b013e3182729cc6
Clauser L, Ferroni L, Gardin C, Tieghi R, Galié M, Elia G, et al. Selective augmen-
tation of stem cell populations in structural fat grafts for maxillofacial surgery.
PLoS ONE. 2014;9(11):e110796. https://doi.org/10.1371/journal.pone.0110796
Solish N. Commentary on aesthetic treatment with botulinum toxin. Derma-
tol Surg. 2017;43:5157. https://doi.org/10.1097/DSS.0000000000001371

Zhou Y, LiuY,Hao Y, Feng Y, Pan L, Liu W, et al. The mechanism of botulinum A
on Raynaud syndrome. Drug Des Devel Ther. 2018;12(null):1905-15. https://d
0i.0rg/10.2147/DDDTS161113

Aoki KR. Review of a proposed mechanism for the antinociceptive action of
botulinum toxin type A. Neurotoxicology. 2005;26(5):785-93. https://doi.org/
10.1016/j.neuro.2005.01.017

Wu X, Zhang Y, Chen L, Han Y, Song Y, Cheng H. BTX-A promotes expression
of angiogenesis-associated genes in human umbilical vein endothelial cells.
DNA Cell Biol. 2020;39(12):2154-65. https://doi.org/10.1089/dna.2020.6004
Wu M, LiY,Wang Z, Feng J, Wang J, Xiao X, et al. Botulinum toxin A improves
supramuscular fat graft retention by enhancing angiogenesis and adipogen-
esis. Dermatol Surg. 2020;46(5). https://doi.org/10.1097/DSS.00000000000021
06

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1093/asj/sjaa324
https://doi.org/10.1093/asj/sjaa324
https://doi.org/10.1016/S0363-5023(10)80065-6
https://doi.org/10.1016/S0363-5023(10)80065-6
https://doi.org/10.1177/175319341351624
https://doi.org/10.1177/175319341351624
https://doi.org/10.1016/j.hcl.2014.09.003
https://doi.org/10.1111/j.1524-4725.1989.tb03619.x
https://doi.org/10.1080/2000656X.2019.1657436
https://doi.org/10.1097/PRS.0000000000000814
https://doi.org/10.1097/PRS.0000000000000814
https://doi.org/10.1152/physiol.00021.2019
https://doi.org/10.1152/physiol.00021.2019
https://doi.org/10.3390/ijms221910890
https://doi.org/10.3390/ijms221910890
https://doi.org/10.1097/PRS.0000000000007063
https://doi.org/10.1097/PRS.0000000000007063
https://doi.org/10.1097/PRS.0b013e3182729cc6
https://doi.org/10.1371/journal.pone.0110796
https://doi.org/10.1097/DSS.0000000000001371
https://doi.org/10.2147/DDDT.S161113
https://doi.org/10.2147/DDDT.S161113
https://doi.org/10.1016/j.neuro.2005.01.017
https://doi.org/10.1016/j.neuro.2005.01.017
https://doi.org/10.1089/dna.2020.6004
https://doi.org/10.1097/DSS.0000000000002106
https://doi.org/10.1097/DSS.0000000000002106

	﻿Efficacy of adipose stromal cells-enriched high-density fat graft combined with BTX-A for Raynaud’s phenomenon: a prospective cohort study
	﻿Abstract
	﻿Key message
	﻿Introduction
	﻿Methods
	﻿Patient selection and study design
	﻿Preparation of high-density fat and postoperative management
	﻿Isolation, culture, and flow cytometry assay of adipose-derived stem cells (ADSCs)
	﻿Outcome assessment
	﻿Statistical analysis

	﻿Results
	﻿Demographics data of patients
	﻿VAS pain score
	﻿McCabe cold sensitivity scores
	﻿Fingertip ulcer healing time
	﻿Blood supply of the hands
	﻿Flow cytometry analysis of ADSCs-RP
	﻿Multiple linear regression and one-way ANCOVA analysis for evaluation of treatment

	﻿Discussion
	﻿Conclusion
	﻿References


