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Purpose: The purpose of the study was to retrospectively analyze the effects of febuxostat 
combined with arthroscopic debridement of monosodium urate crystal deposition and 
febuxostat treatment alone on uric acid levels and acute flares in gout patients.
Patients and Methods: We retrospectively analyzed gout patients who were treated from 
February 2016 to December 2020. Patients were divided into a control group (febuxostat 
treatment alone) or a combined group (febuxostat combined with arthroscopic surgery). We 
recorded and analyzed clinical data including age, sex, body mass index, comorbidities, 
lesion affected joints, acute flare times, medications history, febuxostat side effects, arthro
scopic complications, and serum creatinine and uric acid levels changes.
Results: There were 80 patients in the control group and 93 patients in the combined group. 
At the beginning of treatment, the combined group had significantly higher disease severity 
(higher serum uric acid levels and more acute gout flare times). Arthroscopy was performed in 
61 knees and 38 ankles, and 86 joints showed crystals deposition. Compared with baseline, 
follow-up results showed that serum creatinine significantly decreased in the combined group, 
and serum uric acid and acute gout flare times significantly decreased in both groups (all p < 
0.05). In the comparison between the two groups at the follow-up endpoint, acute gout flare 
times did not differ significantly (p > 0.05), however, serum creatinine and uric acid levels 
were lower in the combined group compared with those in the control group (ps < 0.05).
Conclusion: Febuxostat combined with arthroscopic debridement of monosodium urate 
crystal deposition or tophi had a superior effect on lowering uric acid levels and acute 
flare times in gout patients than did febuxostat alone.
Keywords: arthroscopy, febuxostat, crystal deposition, tophi, gout

Introduction
Gout is a disease involving monosodium urate crystal deposition in tissues, which 
results in painful recurrent flares and tissue damage.1 Biochemically, gout results 
from the concentration of urate in the extracellular fluid becoming saturated, which 
appears as hyperuricemia in the blood, Uric acid is the final metabolite of endo
genous and dietary purine metabolism, and urate is largely present as monosodium 
urate, with a low solubility limit of approximately 380 μmol/L. When urate con
centrations exceed 380 μmol/L, the risk of monosodium urate crystal formation and 
precipitation increases.2 The progression of gout can be defined by four pathophy
siological stages: 1) the asymptomatic hyperuricemia stage, which is hyperuricemia 
without crystal deposition; 2) crystal deposition without symptomatic gout; 3) acute 
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gout flares (acute gouty arthritis); and 4) chronic tophac
eous, which is advanced gout characterized by tophi, 
chronic arthritis, and radiographic damage.3 In tissues, 
monosodium urate crystal deposition depends on several 
factors: local concentration of urate (local concentration of 
urate in joint fluids associated with the articular hydration 
state), temperature, pH, concentration of cations, and pre
sence of extracellular matrix proteins, such as proteogly
cans, collagens, and chondroitin sulfates.4 At 37°C and 
with a pH of 7.4, levels of uric acid above 408 μmol/L 
result in crystal formation and aggregation5 in peripheral 
joints, and with lower tissue pH and temperature, mono
sodium urate crystallization can occur at urate concentra
tions lower than 408 μmol/L (eg, at 35°C, in-vitro 
crystallization occurs at 360 μmol/L).3

The key to treating gout is using long-term urate- 
lowering therapy, which leads to the dissolution of mono
sodium urate crystals and ultimately results in the prevention 
of gout flares and tophi and improved quality of life.1,6 

Febuxostat is a xanthine oxidase (XO) inhibitor that was 
approved for use as a treatment for hyperuricemia of gout 
in 2009.7,8 Febuxostat is non-inferior to allopurinol therapy 
with respect to the primary cardiovascular endpoint, and its 
long-term use is not associated with an increased risk of 
death or serious adverse events compared with allopurinol.9 

The 2020 American College of Rheumatology guidelines for 
the management of gout strongly recommends either allopur
inol or febuxostat for patients with moderate-to-severe 
chronic kidney disease (CKD; stage ≥ 3).10 In China, allo
purinol, febuxostat, or benzbromarone are recommended as 
first-line drugs for long-term urate-lowering therapy.11 

However, in clinical settings, many patients do not receive 
regular treatment for hyperuricemia or during the early stage 
of gout, and crystal deposition and tophi develop in those 
with poorly treated or uncontrolled chronic gout.

Crystal deposition in the joints occurs as an acute flare 
and leads to joint dysfunction and joint damage. Surgical 
excision of tophi is uncommon and is most removal of 
subcutaneous tophi,12 Few arthroscopic studies have been 
conducted on the treatment of intra-articular tophi or crys
tals. A few English language studies have reported the use 
of arthroscopy to remove intra-articular crystals.13,14 

However, in China, several studies have reported that 
arthroscopy is useful for the treatment of acute gouty 
arthritis.15,16 Since 2016, our hospital has been performing 
arthroscopic surgeries to treat gout. Thus, the purpose of 
the present study was to retrospectively analyze the clin
ical effects of febuxostat combined with arthroscopic 

debridement of monosodium urate crystal deposition and 
febuxostat treatment alone on uric acid levels and acute 
flares in gout patients.

Materials and Methods
The protocol of arthroscopic surgery treatment for gout 
was approved by the ethics committee (MR-43-20- 
005173) of the Medical Research Registration 
Information System of the National Health Commission 
of the People’s Republic of China, and the current retro
spective study protocol was approved by the ethics com
mittee (No.2021–35) of Yiyang Central Hospital (Yiyang 
city, Hunan province, China) and complied with the 
Declaration of Helsinki. The data in the present study 
were retrospective and anonymous; therefore, the require
ment for patient informed consent was waived.

Study Population
We retrospectively analyzed gout patients who were trea
ted in the Department of Rheumatology, Yiyang Central 
Hospital, from February 2016 to December 2020. The 
inclusion criteria of the study were confirmed diagnosis 
of gout and received febuxostat treatment alone or febuxo
stat combined with arthroscopic debridement of monoso
dium urate crystal deposition (regardless of operation 
times). All patients met clinical diagnostic criteria for 
gout according to the 2015 gout classification criteria of 
the American College of Rheumatology/European League 
Against Rheumatism.17 Patients were divided into 
a control group (gout patients who insisted on taking 
febuxostat treatment) and a combined group (gout patients 
who received arthroscopic debridement of monosodium 
urate crystal deposition or tophi and insisted on taking 
febuxostat treatment). Patients in both groups received 
febuxostat using a “titrated increment” method, whereby 
the dosage was gradually increased from 10 mg/d (4 
weeks), 20 mg/d (4 weeks), to 40 mg/d (persisted to the 
final follow-up), and colchicine 0.5 mg/d was given simul
taneously in the first 4 weeks for a creatinine clearing rate 
> 50 mL/min. During the study period, when patients 
experienced an acute gout flare, colchicine and non- 
steroidal anti-inflammatory drugs (NSAIDs) were pro
vided as a first choice to control acute gout flares under 
the guidance of doctors. Gout flares were defined as epi
sodes of joint pain with acute onset and maximum pain, 
usually within 24 h.18 For patients with an acute gout flare 
who failed to respond to colchicine and NSAIDs, short- 
term glucocorticoid therapy was administered.
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Arthroscopic Surgery
Indications for arthroscopic surgery were refractory gout, 
acute gouty arthritis not relieved by colchicine and 
NSAIDs, and chronic gouty arthritis with severe joint pain. 
Arthroscopic surgery contraindications were history of knee 
surgery or severe trauma, local skin infection of the joint, 
comorbidities, such as abnormal coagulation function, severe 
infection, or thrombosis before surgery, and mental illness.

All joints that underwent arthroscopic surgery were knee or 
ankle joints. During the operation, synovial fluid was first 
punctured, suctioned, and sent for laboratory examination, 
and the joint cavity was inspected. A blunt spatula or curette 
was used to remove the urate crystals deposited in the menis
cus, ligaments, synovium, joint capsule wall, and cartilage 
surface. If crystals had adhered close to healthy tissue and 
were difficult to peel off, they were not removed to avoid 
damaging the healthy joint structure. Furthermore, if the syno
vial membrane had obvious hyperemia, we also did not treat it 
to avoid excessive bleeding during or after surgery. During the 
operation, a large amount of saline was used to wash out the 
joint cavity. After the operation, one sodium hyaluronate 
(20mg/2mL, Bausch&Lomb Freda Co., Ltd., Shandong, 
China) and one compound betamethasone Injection (5mg 
+2mg/1mL, Schering-Plough Pharmaceutical Co., Ltd. 
Shanghai,China) were injected into the joint cavity. The sever
ity of monosodium urate crystal deposition in the joint was 
scored on a scale from 0–3 (grade 0: no urate crystal deposi
tion; grade 1: scattered distribution of crystal deposition; grade 
2: multiple crystal depositions in < 50% of the affected articu
lar cartilage and soft tissues areas; and grade 3: multiple crystal 
depositions of > 50% of the articular cartilage and soft tissue 
areas, crystal erosion of the articular cartilage and subchondral 
bone, or “snowstorm sign” under arthroscopy).19 All arthro
scopic surgeries were performed by the author, Zhen Gong.

Data Collection
The following data were collected from patients: age, gender, 
body mass index (BMI), comorbidities, lesion affected joints, 
acute flare times, medications used before receiving febuxo
stat, febuxostat side effects, arthroscopic complications, and 
serum creatinine and uric acid levels at the time of admission 
to our hospital and the final follow-up.

Statistical Analysis
Data were analyzed using GraphPad Prism 5 (GraphPad 
Software, Inc. La Jolla, CA,USA) for evaluation. Results 
are expressed as means ± standard deviations (SDs). 

Continuous variables were compared using Student’s t-test 
for normally distributed measures and the Mann–Whitney 
U-test for non-normally distributed measures. Comparisons 
of enumeration data between groups were performed using 
chi-square or Fisher’s exact tests, as appropriate. A p < 0.05 
was considered statistically significant.

Results
Baseline Measures of the Control and 
Combined Groups
A total of 226 patients received febuxostat treatment alone or 
febuxostat combined with arthroscopic debridement of 
monosodium urate crystal deposition, and 173 patients com
pleted follow-up. There were 80 patients (78 male and 2 
female) in the control group (ie, patients who received 
febuxostat treatment), which had an average age of 59.3 
years, and there were 93 patients (all male) in the combined 
group (ie, patients who received arthroscopic debridement 
and febuxostat treatment), which had an average age of 48.4 
years (Table 1). As shown in Table 1, the combined group 
had a higher BMI than the control group (p < 0.05), whereas 
the number of patients who drank alcohol or smoked, comor
bidities, and illness duration did not differ significantly (all 
p > 0.05). The combined group had more elbow and knee 
joints affected by gout than did the control group (ps < 0.05), 
whereas there were no significant differences in the number 
of shoulder, wrist, hand, ankle, or foot joints between the two 
groups (all p > 0.05; Table 1).

Furthermore, results revealed that the combined group 
had a higher serum uric acid level and more acute gout flares 
per patient at the time of beginning receiving treatment than 
did the control group (ps < 0.05). However, serum creatinine 
level was lower in the combined group than in the control 
group (p < 0.05; Table 1). For the comparison of the medica
tion use between the two groups, the combined group used 
more allopurinol, glucocorticoids, and NSAIDs than did the 
control group (all p < 0.05), whereas the use of colchicines, 
benzbromarone, febuxostat, and diacerein were not signifi
cantly different (all p > 0.05).

Follow-Up Results Between the Two 
Groups
Table 2 shows the follow-up results. The follow-up times 
of the control and combined groups were 31.56 ± 15.52 
months and 29.03 ± 17.44 months, respectively, and did 
not differ significantly (p = 0.3183). Arthroscopy surgery 
was performed in 61 knees and 38 ankles in the 93 patients 
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in the combined group. Twelve joints had no significant 
crystal deposition under arthroscopy surgery, which were 
classified as grade 0. Twenty-two joints were classified as 
grade 1, 20 joints were classified as grade 2, and 45 joints 
were classified as grade 3. The typical changes under 
arthroscopy are shown in Figure 1. For postoperative 
complications of arthroscopic surgery, two patients had 
minor local skin infection of the incision, and two patients 
had joint effusion and pain.

We also recorded the side effects of febuxostat in the two 
groups. Incidence of abnormal liver function, nausea, joint 
pain, muscle ache, and rash were not significantly different 
between the two groups (all p > 0.05), as shown in Table 2. 
Acute gout flares per patient during the follow-up period 
were also not significantly different between the two groups 
(p > 0.05), as shown in Table 2. Serum creatinine and uric 
acid levels were lower in the combined group compared with 
those in the control group (ps < 0.05; Table 2).

Table 1 Baseline of Control Group and Combined Patients

Characteristics Control Group (n=80) Combined Group (n=93) P value

Age 59.25±16.97 48.35 ±14.40 0.0001

Sex (male) 78 93 0.2124

Body mass index(BMI) 24.27±3.335 25.64±3.429 0.0089

Drinking 25 35 0.4249

Smoking 32 41 0.6444

Comorbidity

Hypertension 28 43 0.1634
Coronary Heart Disease 6 2 0.1463

Diabetes 7 8 1.0000

Stroke 2 1 0.5964
Hyperlipidemia 2 0 0.2124

Lung cancer 1 0 0.4624

COPD 1 0 0.4624
Kidney stones 1 0 0.4624

Rheumatoid Arthritis 0 1 1.0000

Serum Creatinine (μmol/L) 120.3±75.90 90.31±31.07 0.0006

Serum Uric acid (μmol/L) 469.5±147.3 526.7±115.8 0.0050

Illness length time (years) 7.988±5.960 7.222±5.432 0.3779

Acute gout flares per patient before treatment 1 year (total) 5.713±4.792 (457) 7.172±4.615 (667) 0.0431

Medications before the use of febuxostat

Colchicine 32 48 0.1686

Benzbromarone 5 8 0.7737
Allopurinol 3 24 0.0001

Febuxostat 6 14 0.1544

Diacerein 1 4 0.3749
Glucocorticoid 14 30 0.0352

NSAIDs 38 67 0.0011

Lesions affect joints (no hip)

Shoulder 11 11 1.0000

Elbow 9 24 0.0100
Wrist 10 17 0.2316

Hand 27 33 0.8872

Knee 44 109 0.0001
Ankle 48 58 0.8163

Foot 65 115 0.0001
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Comparison Between Before and After 
Treatment for Each Group
The comparisons between before and after treatment in 
each group showed that serum creatinine did not signifi
cantly decrease in the control group (p = 0.3639, Figure 2). 
In the combined group, serum creatinine significantly 
decreased from baseline to follow-up (p = 0.0063, 
Figure 2). Serum uric acid showed a significant decrease 
in both the control and combined groups from baseline to 
follow-up (ps < 0.0001; Figure 3). Furthermore, our results 
indicated that acute gout flares per patient significantly 
decreased in both the control and combined groups from 
baseline to follow-up (ps < 0.0001; Figure 4).

Discussion
Gout is an extremely common chronic rheumatic disease 
that presents with an intermittent flaring condition. The 
lower limbs (foot, ankle, and knee) are preferentially 
affected, especially the first metatarsophalangeal joint.19 

Urate lowering is achieved via two primary pharmacologi
cal mechanisms: decreased synthesis of uric acid and 

increased renal excretion of uric acid.20 Long-term urate- 
lowering therapy using medications, such as allopurinol or 
febuxostat, leads to the dissolution of monosodium urate 
crystals.1 The American College of Rheumatology guide
lines recommend a serum urate target of less than 360 
μmol/L for patients on urate-lowering therapy.10 For 
patients with frequent polyarticular flares, numerous tophi, 
and joint damage, current treatment is intensive individua
lized pharmacological management of a combination of 
urate-lowering therapy and anti-inflammatory agents.21 

However, there are currently no guidelines and only a few 
studies on the surgical treatment of gout due to deposition 
of tophi or crystals in the joints.

In our study, there were 2 females and 171 male patients 
in the control group, which is in line with a previous study 
showing that in China, the prevalence of hyperuricemia and 
gout is significantly higher in men than in women.22 

Furthermore, the combined group were younger but had 
higher BMI, higher serum uric acid levels at the time of 
beginning receiving treatment, and more acute gout flares 
per patient during the period time of 1 year before 

Table 2 Follow-Up Results of Control Group and Combined Group Patients

Results Control Group Combined Group P value

Follow-up time (months) 31.56 ±15.52 29.03 ±17.44 0.3183

Arthroscopic treatment joint numbers

Knee 61
Ankle 38

The severity of crystal deposition in joint

0 12

1 22
2 20

3 45

Arthroscopic complications

Minor local infection of the incision 2

Joint effusion, pain 2

Febuxostat side effect

Abnormal liver function 6 8 1.0000
Nausea 3 2 0.6634

Joint pain 1 3 0.6249

Muscle ache 2 1 0.5964
Rash 0 1 1.0000

Total 12 14

Acute gout flares per patient during follow-up period 2.713±2.246 2.871±2.950 0.6952

Serum Creatinine (μmol/L) 109.5±69.40 79.68±20.32 0.0001

Serum Uric acid (μmol/L) 371.8±91.80 341.1±71.75 0.0167
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treatment, and higher use of allopurinol, glucocorticoids, 
and NSAIDs than did the control group. In addition, the 
elbows, knees, and feet were more affected by gout in the 
combined group than in the control group. However, serum 
creatinine levels in the control group were higher than those 
in the combined group. The data at baseline indicated that 
the combined group had greater disease severity than the 
control group, except for serum creatinine levels. An obser
vational study that included 9754 Chinese gout patients 
showed that male sex, obesity, and elevated serum uric 
acid were independent predictors of early-onset gout in 
young gout patients.23 The discrepancies in findings may 
be associated with differences in inclusion criteria; because 

our study was not a randomized double-blind controlled 
trial but a retrospective study, many patients voluntarily 
requested arthroscopic surgery because of long-term pain 
from recurrent acute gouty arthritis flares. Thus, uric acid 
levels, the number of acute arthritis flares, and glucocorti
coid and analgesic use in these patients would be expected 
to be higher than in the previous study, which was con
firmed by our data. Our results also indicated that serum 
creatinine levels in the control group were higher than those 
in the combined group, which may be attributed to doctor 
and patient concerns that arthroscopic surgery may aggra
vate renal function damage and thus, arthroscopy was not 
performed in patients with high serum creatinine.

Figure 1 Arthroscopy showed the monosodium urate crystal deposition or tophi in joints. (A) No obvious crystal deposition. (B) Distribution of crystals is scattered. (C) 
Multiple crystal depositions in < 50% of the affected articular cartilage and soft tissues. (D–H) Multiple crystal depositions in > 50% of the articular cartilage and soft tissues, 
crystal erosion of the articular cartilage, or large tophi. (I) The snow storm sign.
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Our study showed that serum creatinine, uric acid, and 
the number of acute flares decreased significantly in the 
combined group, which confirmed that febuxostat com
bined with arthroscopic debridement of monosodium urate 
crystal deposition or tophi was more effective than febuxo
stat alone. Moreover, we confirmed that long-term use of 
febuxostat has few adverse effects. A previous study con
firmed that febuxostat is non-inferior to allopurinol therapy 

and that long-term use of febuxostat is not related to an 
increased risk of death or serious adverse events.9 

Febuxostat has been shown to improve synovitis and reduce 
the incidence of gout flares in patients with early gout, and 
it does not result in any notable changes in joint erosion 
over 2 years.24 However, another study revealed that daily 
pain, recurrent flares, and adverse effects with the initiation 
of febuxostat during an acute gout flare did not differ 
significantly from those of controls, although febuxostat 
treatment significantly decreased uric acid levels during 
the early stage of gout.25 In our study, most arthroscopic 
joints of patients in the combined group (88.78%, 87/98 
joints) had monosodium urate crystal deposition or tophi 
under arthroscopy, and the crystals in the joint could be 
removed completely. Drug treatments require a longer per
iod to slowly dissolve the crystals. However, the mechan
isms underlying intraarticular monosodium urate crystal 
deposition or tophi formation remain poorly understood, 
although hyperuricemia and initial abnormalities in joint 
structure are known to play an important role.26 We did 
not re-examine the operated joints to assess further re- 
crystallized deposits, and it is unclear whether uric acid 
levels decreased further following arthroscopic debride
ment of crystals. However, for the treatment of gouty 
arthritis, arthroscopy provides only local joint treatment 
and cannot completely correct abnormal purine metabo
lism. Therefore, standard comprehensive treatment of 

Figure 2 Mean blood creatinine level change between baseline and follow-up time 
in the control and combined groups. *p < 0.05.

Figure 3 Mean blood uric acid change between baseline and follow-up time in the 
control and combined groups. **p < 0.0001.

Figure 4 Mean number of acute gout flares between baseline and follow-up time in 
the control and combined groups. **p < 0.0001.
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gouty arthritis is necessary, which includes diet adjustment, 
weight control, regular work and rest, and drug treatment. 
Many patients who were lost to follow-up in this study did 
not comply with the prescribed urate-lowering therapy, 
which resulted in frequent flares of gouty arthritis and loss 
in the willingness of patients to continue treatment.

Limitations
In this study, we recorded the total number of gouty 
arthritis flares in each patient but did not distinguish 
between flares of the surgical and non-surgical joints. 
Because the arthroscopic surgeons were rheumatologists, 
arthroscopic surgeries were only performed in the knee 
and ankle joints and not in other complex joints, such as 
small joints and those that require technically demanding 
surgeries. Furthermore, we only performed simple wash
ing of tophi crystals during arthroscopic surgery and did 
not perform surgical operations on other joint structures. 
Nevertheless, our study findings may encourage arthro
scopic surgeons to actively treat severe gout.

Conclusion
Febuxostat combined with arthroscopic debridement of 
monosodium urate crystal deposition or tophi was more 
effective for reducing uric acid levels and the number of 
acute flares in gout patients than febuxostat alone.
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