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Abstract
Objective  This study investigates the efficacy of multidisciplinary fusion therapy based on 3D reconstruction 
technology for the treatment of gouty stone by comparing the efficacy of multidisciplinary fusion therapy with 
pharmacologic therapy.

Methods  This study is a cohort study.Patients who underwent gout stone surgery at the Affiliated Hospital of 
Qingdao University from November 2020 to November 2022 were included in this study, totaling 85 to form the MDT 
surgery group, and matched among gout stone patients in the outpatient clinic during the same period to form the 
medication group. Patients in the 2 groups were followed up for 6 months to compare baseline and follow-up data.

Results  Both groups experienced a decrease in uric acid levels and an increase in SF-36 scores during follow-up. 
After adjusting for confounders, multifactorial logistic regression showed that the uric acid attainment rate of patients 
in the MDT surgery group was 4.011 times higher than that of the drug group (OR: 4.011, 95% CI: 1.595, 10.086, 
P = 0.003); the proportion of patients with an increase in SF-36 in the MDT surgery group was 4.976 times higher than 
that of the drug group (OR: 4.976, 95% CI: 2.243, 11.040, P < 0.001); the proportion of patients treated with high-dose 
medication in the MDT surgery group was 1.8% of that of patients in the drug group (OR: 0.018, 95% CI: 0.002, 0.148, 
P < 0.001); and the proportion of patients in the MDT surgery group who developed frequent gout was 2.8% of that in 
the drug group (OR: 0.028 95% CI: 0.003, 0.2398, P = 0.001). the proportion of patients in the MDT surgery group who 
developed abnormal liver function was 0.317 times higher than that in the drug group (OR: 0.317, 95% CI: 0.121, 0.831, 
P = 0.019).

Conclusion  The multidisciplinary integration of 3D reconstructive techniques for gout stone treatment resulted in an 
increase in uric acid compliance, a decrease in the frequency of gout and the appearance of liver impairment; and a 
greater benefit in terms of improvement in the quality of life of the patients after treatment.
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Introduction
Disorders of purine metabolism lead to elevated blood 
uric acid concentration, formation and deposition of 
monosodium urate (MSU) crystals locally in the joints, 
inducing a localized inflammatory response and tissue 
destruction, known as gout [1, 2]. The main feature of 
gout is the gout stone, which is a complex mass composed 
of MSU crystals, multiple immune and inflammatory 
cells, and a fibrous capsule [3, 4]. Gout stones complicate 
approximately 12-35% of gout patients, usually appearing 
more than a decade after the 1st gout attack, and can lead 
to a significant reduction in the patient’s quality of life 
[5]. Some studies have shown that gout stones can cause 
wasting muscle atrophy [6, 7]; in severe cases, they can 
be teratogenic and disabling. In addition, the presence of 
gout stones in gout patients has been associated with an 
elevated risk of death [8–10].

The latest American College of Rheumatology guide-
lines for the treatment of gout state that “serum urate 
should be reduced to less than 5 mg/dl in patients with 
gouty stones“ [11]. Although there appears to be a signifi-
cant correlation between the degree of serum uric acid 
reduction and the resolution of gouty stones [12–14], and 
oral drug uric acid-lowering therapies are able to reduce 
serum uric acid by 50–60% to levels between 4 and 6 mg/
dl [15], this may not be sufficient to rapidly resolve gouty 
stones. genetic mutations, unhealthy lifestyles, poor med-
ication compliance, and comorbidities can potentially 
make it difficult to achieve the desired uric acid control 
goal, which is insufficient to rapidly abate gout stones. 
Surgical treatment is considered when medications are 
poorly controlled, when gout stones develop ulcers, 
infections, or severe joint damage and pain. Although 
surgical treatment of gout stones can remove local gout 
crystals and reduce the total amount of uric acid in the 
body, it is not effective in reducing the recurrence rate 
of gout, let al.one curing gout; local soft tissues may be 
damaged during surgery, and substandard control of uric 
acid in the postoperative period increases the probabil-
ity of secondary surgery. Patients with severe gouty stone 
have limited recovery of joint function after surgery, and 
may even experience postoperative complications such 
as poor wound healing or infection. Three-dimensional 
CT can make gouty stone lesions appear green, three-
dimensional precise distinction from normal bone, more 
accurate localization of deeper gouty stone, and reduce 
the damage to local soft tissue [16, 17].

The treatment of gouty stone is a long-term process, 
the diagnosis and treatment involves multiple disciplines, 
and the process of patients seeking medical treatment in 
different departments is more complicated, which leads 
to decreased compliance. For this reason, we have devel-
oped a multidisciplinary integration of gouty stone treat-
ment based on 3D reconstruction technology, and the 

aim of this study is to investigate the efficacy of multidis-
ciplinary integration of 3D reconstruction technology on 
gouty stone patients, with a view to discovering a more 
reasonable and reliable treatment plan for gouty stone 
patients.

Method
Subject of the study
This is a retrospective cohort study. Gouty stone patients 
who were hospitalized in the Department of Metabolic 
Diseases, Affiliated Hospital of Qingdao University from 
November 2020 to November 2022 and underwent mul-
tidisciplinary fusion treatment with 3D reconstruction 
technology were included in this study. Inclusion criteria: 
(1) age ≥ 18 years; (2) meeting the 2015 American College 
of Rheumatology/European Federation for the Control 
of Rheumatic Diseases diagnostic criteria for gout [18], 
with urate crystals detected by ultrasound or dual-source 
CT, and bone destruction confirmed by X-ray, com-
bined with impaired joint mobility; and (3) completing 4 
follow-up visits with complete clinical information and 
imaging data. Exclusion criteria: (1) those with hepatic 
insufficiency (aminotransferases > 2 times the upper limit 
of normal), acute kidney injury, end-stage renal disease 
(eGFR < 30  ml/min/1.73 m2), and those who were pro-
posed to undergo or were undergoing hemodialysis, peri-
toneal dialysis, or renal transplantation; (2) patients with 
the presence of hematologic malignancies or other malig-
nancies associated with malignant neoplasms that had 
not yet been confirmed to be in remission; (3) those who 
had a combination of other types of arthritis; (4) patients 
with previous gout stone removal, arthroplasty or com-
bination of major trauma resulting in impaired joint 
mobility; (5) patients with comorbidities that require 
medications that affect blood uric acid; (6) patients who 
are in the acute phase of gout. Dropout/exclusion crite-
ria: (1) those who did not follow the doctor’s instructions 
for treatment and rehabilitation activities; (2) those who 
did not follow up the appointment or missed the visit. 
The study was approved by the Hospital Ethics Com-
mittee of the Affiliated Hospital of Qingdao University 
(approval document: QYFY WZLL 27652), and informed 
consent was obtained from the patients and their fami-
lies, who signed an informed consent form. A total of 
85 study subjects were included to constitute the MDT 
surgical group. Patients with gouty stone in the outpa-
tient clinic of the hospital during the same period were 
matched to the drug group according to gender and age 
(± 2) 1:1, with the same nativity criteria as in the MDT 
surgery group. The flowchart of enrollment of study sub-
jects, is shown in Fig. 1.1.
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Research methodology
Combined multidisciplinary treatment model
The patient was treated and cared for in the Depart-
ment of Metabolic Diseases throughout the perioperative 
period, and the hand and foot surgeons were responsible 
for performing the gout stone lesion resection. (1) Preop-
eratively: the metabolic disease department doctors eval-
uated the patient and performed CT three-dimensional 
reconstruction of the gout stone site (see Fig.  1.2); they 
formulated a targeted low purine diet program, analgesic 
program, and gave treatments such as lowering uric acid 
and alkalinizing urine. (2) Intraoperative: hand and foot 
surgeons refer to the gout stone after three-dimensional 
CT reconstruction images in the gout lesion excision 
of gout stone tissue, with a large number of 5% sodium 
bicarbonate injection to flush the wound, intermittent 
suture wounds, wounds aseptically bandaged, and leave 

drainage, as appropriate. (3) Postoperative: individualized 
analgesic program and rehabilitation exercise program 
were formulated; suture removal was given after 14 days 
postoperatively depending on the healing of the incision; 
treatment such as lowering uric acid and anti-infection 
was given. After discharge from the hospital, rehabilita-
tion exercise, medication guidance, gout home care mis-
sion and outpatient follow-up reminders.

Medication
The patient was seen in the outpatient clinic of the 
Department of Metabolic Diseases and was initially given 
20 mg of febuxostat for uric acid lowering, with guidance 
on a low purine diet and exercise regimen during the 
follow-up period. At the follow-up node, febuxostat was 
increased by 20  mg according to the patient’s uric acid 
level.

Fig. 1.2  Preoperative three-dimensional CT image

 

Fig. 1.1  Flowchart of enrollment of study subjects in the MDT surgery and drug groups
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Study protocol
Baseline information was collected 1 day before surgery 
or at the initial outpatient visit: (1) general informa-
tion: gender, age, past history, smoking history, drink-
ing history, family history, and history of gout; height, 
weight, and blood pressure were measured, and the 
body mass index was calculated as weight (kg)/[height 
(m)] 2. The patient was asked to take a break of ≥ 5 min 
before the blood pressure measurement, and was asked 
to be relaxed during the measurement. Blood pressure 
was measured twice with an interval of 1 min each time, 
and the average of the two measurements was taken as 
the final blood pressure value. (2) Biochemical indexes: 
Fasting blood was collected early in the morning after at 
least 8 h of dietary abstinence, and was tested for alanine 
aminotransferase (ALT), azelaic aminotransferase (AST), 
glucose (GLU), triglyceride (TG), total cholesterol (TC), 
urea nitrogen (BUN), creatinine (Crea), and uric acid 
(UA) by the fully automated biochemical method. Fol-
low-up visits were performed at 2 weeks (2 W), 1 month 
(1 M), 3 months (3 M), and 6 months (6 M) after surgi-
cal treatment or application of medications, and treat-
ment was followed as prescribed by the physician during 
the follow-up period. Investigators recorded informa-
tion on the frequency, date, duration and severity of gout 
attacks; SF-36; uric acid and transaminase levels at each 
follow-up visit since the last visit or follow-up. They were 
measured using a fully automated biochemical analyzer 
(Cobas8000; Roche Diagnostics Ltd., Basel, Switzerland).

Diagnostic criteria and definitions
Gout was diagnosed with reference to the guidelines 
developed by the ACR/European League Against Rheu-
matism (EULAR) in 2015 [18]; imaging suggestive of 
the presence of monosodium urate crystals was used 
as a diagnostic criterion for gouty stones. The Medical 
Outcomes Research Short Form-36 (SF-36) consists of 
eight scaled scores that are weighted sums of the ques-
tions in its sections. Assuming that each question is 
equally weighted, each scale is directly converted to a 
0-100 scale. The lower the score, the greater the disability, 
and the higher the score, the better the health. Uric acid 
attainment: uric acid < 300 µmol/l defined as 1; medica-
tion dose: febuxostat > 40  mg defined as 1; frequency of 
gouty attacks: gouty attacks/6 months > 1 defined as 1; 
and change in SF-36: SF-36 (6  M) - SF-36 (baseline) > 0 
defined as 1.

Sample size calculation
The main observation in this study was blood uric acid, 
and the sample size was calculated based on the blood 
uric acid levels of the patients in the pre-experimental 
MDT surgical and drug groups. The two-sided test level 
alpha was taken as 0.05 and test efficacy as 0.9, allowing 

for the presence of a 20% number of dropout cases, which 
was calculated to require a minimum of 83 patients.

Statistical analysis
Continuous variables that conformed to normal distri-
bution were statistically described as mean ± standard 
deviation ( X̄± SD), and independent samples t-test ana-
lyzed the difference between the baseline information of 
the two groups; continuous variables that did not con-
form to normal distribution were statistically described 
as median, interquartile spacing (M, IQR), and Mann-
Whitney U test analyzed the difference between the base-
line information of the two groups. Categorical variables 
were statistically described as frequency, constitutive 
ratio (N, %), and chi-square test was used to analyze the 
difference between the baseline information of the two 
groups. Changes in baseline and follow-up parameters 
of the enrolled patients were compared using repeated 
measures ANOVA. The effect of different treatments on 
observed parameters was analyzed using multifactorial 
regression. Logistic regression was used to analyze the 
risk of different treatments on the development of liver 
function abnormalities after treatment. The processing of 
missing values is a combination of multiple interpolation 
and direct deletion. Differences were considered statisti-
cally significant at P < 0.05. IBM SPSS Statistics 26.0 soft-
ware was used for data analysis.

Results
Basic information of the study populations in the MDT 
surgery group and the drug group
A total of 170 patients were included in the study (85 in 
the MDT surgery group and 85 in the drug group), of 
which 167 were male, aged 22–85 years, with an average 
age of 50 years; duration of the disease was 1–36 years, 
with an average of 12.6 years; site of onset: joints of the 
hands and feet and subcutaneous multinodular nodules, 
including the carpal joints with carpal tunnel syndrome. 
The differences in gender, age, height, weight, BMI, sys-
tolic blood pressure, and smoking history between the 
two groups were not statistically significant (P > 0.05); 
compared with the drug group, the MDT surgery group 
had lower diastolic blood pressure, longer disease dura-
tion, and a smaller proportion of history of alcohol 
consumption and family history of gout; and the MDT 
surgery group had higher levels of blood glucose, triglyc-
eride, total cholesterol, and uric acid, and the differences 
were statistically significant (P < 0.05) (See Table  1). The 
MDT surgery group had a higher proportion of com-
bined hypertension, fatty liver, coronary heart disease, 
and kidney stones, and the difference was statistically sig-
nificant (P < 0.05) (See Fig. 2).
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Follow-up data analysis of the study population in the MDT 
surgery group and the drug group
Uric acid
There was a statistically significant difference in uric acid 
levels between pre-treatment and multiple follow-ups in 
the MDT surgery group (F = 61.53, P < 0.001), with uric 
acid levels at baseline > 2 weeks > 1 month > 3 months, 
with a statistically significant difference (P < 0.05) (See 
Table  2). Uric acid levels at 6 months after MDT surgi-
cal treatment were lower than those at 6 months after 
drug treatment, and the difference was statistically sig-
nificant; there was an interaction effect between different 
treatment modalities and follow-up time, with a greater 
decrease in the drug-treated group as follow-up time 
increased (See Fig. 3).

SF-36 scores
There was a statistically significant difference in SF-36 
scores before MDT surgery treatment and at multi-
ple follow-ups (F = 29.77, p < 0.001). SF-36 scores were 

significantly higher in January, March, and June after 
treatment compared to pre-treatment, and the difference 
was statistically significant (P < 0.05) (See Table  3). The 
difference in SF-36 scores at 6 months after treatment 
in different modalities was statistically significant, with a 
greater rise in the MDT surgical treatment group as the 
follow-up time increased (See Fig. 4).

Analysis of the efficacy of MDT surgery and drug treatment 
on the study population
Logistic regression analysis was performed with MDT 
surgery/medication as the independent variable, and 
whether uric acid reached the standard, satisfaction or 
not, whether the dose of medication was larger or not, 
whether gout was frequent or not, whether SF-36 score 
was better or not, and whether HAQ score was bet-
ter or not as the dependent variable, respectively, and 
the results showed that MDT surgical treatment was a 
protective factor for reaching the standard of uric acid, 
SF-36 score was better, and it was a protective factor for 
the use of larger dose of medication, a risk factor for the 
frequency of gout. After adjusting for gender, age, BMI, 
smoking history, drinking history, family history, dura-
tion of gout, number of gout stone sites, and frequency 
of gout attacks, the proportion of patients with MDT 
surgical treatment who reached the uric acid standard 
was 4.011 times higher than that of medication (OR: 
4.011, 95% CI: 1.595, 10.086, P = 0.003); the use of higher-
dose drugs was 1.8% (OR: 1.8%, 95% CI: 1.595, 10.086, 
P = 0.003) of that of patients with medication. 1.8% (OR: 
0.018, 95% CI: 0.002, 0.148, P < 0.001); the probability of 
frequent gout was 2.8% (OR: 0.028, 95% CI: 0.003, 0.2398, 
P = 0.001) of that of drug-treated patients; and the pro-
portion of SF-36 improvement was 4.976 times higher 
than that of drug treatment (OR: 4.976, the 95% CI: 2.243, 
11.040, P < 0.001) (See Table 4; Fig. 5).

Effect of MDT surgery and drug treatment on liver function 
impairment in the study population
In a one-way logistic regression analysis with MDT sur-
gery/medication as the independent variable and the 
presence of liver function abnormalities as the depen-
dent variable, after adjusting for gender, age, BMI, smok-
ing history, drinking history, family history, duration of 
gout, number of gout stone sites, and frequency of gouty 
episodes, MDT surgery was still a protective factor for 
the presence of liver function abnormalities; compared 
with the medication group, the presence of liver function 
abnormalities was 0.317 times higher than that of the 
drug group (OR: 0.317, 95% CI: 0.121, 0.831, P = 0.019) 
(See Table 5).

Table 1  Basic information about the study population
Characteristics MDT Surgical 

Group(n = 85)
Drug 
group(n = 85)

P

Males, n(%) 83 (97.65%) 84 (98.82%) 0.560
Age(years) 50.85 ± 6.43 49.39 ± 13.11 0.515
Height(cm) 172.99 ± 6.43 174.06 ± 6.62 0.286
Weight(kg) 81.61 ± 17.10 82.22 ± 16.28 0.814
BMI (kg/m2) 26.85 ± 4.80 27.01 ± 4.25 0.817
SBP(mmHg) 142.75 ± 20.74 144.67 ± 23.86 0.577
DBP(mmHg) 86.40 ± 13.97 91.53 ± 14.58 0.020
Complicating disease
Hypertension 51 (60.00%) 21 (24.71%) <0.001
Hyperlipidemia 18 (21.18%) 8 (9.41%) 0.033
Diabetes mellitus type 2 11 (12.94%) 5 (5.88%) 0.115
Fatty liver 47 (55.29%) 10 (11.76%) <0.001
Coronary heart disease 16 (18.82%) 2 (2.35%) <0.001
Kidney stone 26 (30.59%) 5 (5.88%) <0.001
Smoking 40 (47.06%) 49 (57.65%) 0.167
Drinking 48 (56.47%) 63 (74.12%) 0.016
Family history 18 (21.18%) 50 (58.82%) <0.001
Course of gout(years) 10.00 (11.00) 9.00 (9.00) 0.006
Multiple tophus, n(%) 73 (85.88%) 64 (75.29%) 0.081
Frequent gout attacks, n(%) 78 (91.76%) 75 (88.24%) 0.443
ALT(mmol/l) 23.00 (19.00) 26.00 (22.5) 0.293
AST(mmol/l) 20.00 (10.00) 20.00 (8.00) 0.952
GLU(mmol/l) 5.10 ± 1.42 5.80 ± 0.70 <0.001
TG(mmol/l) 1.56 (0.95) 1.77 (1.48) 0.012
TC(mmol/l) 4.55 ± 0.95 5.30 ± 1.19 <0.001
BUN(mmol/l) 6.10 (3.02) 5.40 (2.95) 0.210
CREA(mmol/l) 80.00 (26.00) 90.00 (19.5) 0.133
SUA(µmol/l) 480.00 (195.00) 563.00 (150.50) 0.001
SBP, systolic blood pressure; DBP, diastolic blood pressure; SUA, serum uric acid; 
FPG, fasting plasma glucose; TC, total cholesterol; TGs, triglycerides; BUN, blood 
urea nitrogen; CREA, creatinine; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BMI, body mass index
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Table 2  Changes in blood uric acid in MDT surgery group and 
drug group
follow-up 
time

uric acid(µmol/l) t P
MDT Surgical 
Group

drug group

Base line 480.00 (195.00) 563.00 (150.50) 3.484 0.001
2 W 427.00 (174.00) 469.00 (175.00) 2.104 0.049
1 M 371.00 (137.00) 382.00 (134.00) 1.338 0.183
3 M 311.00 (58.00) 372.00 (87.75) 5.942 <0.001
6 M 311.00 (57.50) 333.00 (94.00) 1.054 0.294
F 61.53 78.19
P <0.001 <0.001

Table 3  Changes in SF-36 in the MDT surgery group and the 
drug group
follow-up time SF-36 t P

MDT Surgical Group drug group
Base line 55.00 (24.00) 77.00 (19.50) 10.173 <0.001
2 W 56.00 (20.00) 78.00 (15.00) 0.171 <0.001
1 M 60.00 (20.00) 78.00 (11.50) 0.064 <0.001
3 M 60.00 (20.00) 80.00 (11.50) 0.054 <0.001
6 M 66.00 (19.00) 82.00 (10.50) 0.056 <0.001
F 29.77 16.18
P <0.001 <0.001

Fig. 3  Changes in uric acid over time. (F:126.497, P<0.001; F interaction:2.720, P interaction:0.042; Fintergroup:12.105, Pintergroup:0.001)

 

Fig. 2  Comparison of co-morbidities between the two groups
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Discussion
Gout stones are the main manifestation of advanced 
gout, and medications are used as the primary treatment 
for gout, but some patients may have specific genetic 
mutations or variants that limit the effectiveness of uric 
acid-lowering medications. A family history of gout, 
unhealthy lifestyle, differences in medication compliance, 
comorbidities, and interactions between other types 
of medications may all make it difficult for patients to 
achieve the desired uric acid control goals with medica-
tion, leading to recurrent flare-ups and the eventual need 
for surgical intervention. Surgical removal of gout stones 
can reduce the total amount of uric acid in the body, 
slow down the progression of the lesion, and prevent 

irreversible damage to bones, joints, tendons, and nerves 
[19]. With the help of three-dimensional CT image sur-
gery, the surgical scope can be clearer, and deeply hidden 
urate crystals can be completely removed to reduce uric 
acid residue. There are fewer studies on the efficacy of 
gout stone surgery and the efficacy of gout stone surgery 
under multidisciplinary integration (MDT). In this study, 
by comparing patients treated with MDT gout stone sur-
gery, the results show that 3D reconstruction technology 
multidisciplinary fusion treatment has better efficacy for 
gout stone patients.

By comparing the baseline data of patients in the MDT 
surgery group and the drug group, the two groups were 
comparable. Gout is often combined with diabetes mel-
litus, hyperlipidemia, kidney stones, coronary artery dis-
ease, and hypertension [20]; with the prolonged course of 
gout, gout stones will gradually appear, involving multiple 
joints, and the frequency of attacks is elevated in patients 
with poorly controlled gout.The patients in the MDT sur-
gery group had more co-morbidities and a longer course 
of gout, with a greater proportion of multi-joint gout 
stones and more frequent gouty attacks. The baseline 
blood uric acid was higher in the drug group than in the 
MDT surgery group in this study, and we hypothesized 
that this was related to the patients in the MDT sur-
gery group undergoing stricter dietary management and 
application of medication due to more severe gouty con-
ditions; however, the dietary habits and previous medi-
cation history were not investigated and analyzed in the 
present study, and studies are still needed to further sub-
stantiate the reasons for the difference in blood uric acid 
between the two groups.

During follow-up, uric acid levels decreased and SF-36 
scores increased in both groups. After adjusting for con-
founding factors, multivariate logistic regression analy-
sis showed that the rate of uric acid compliance and the 

Table 4  Logistic regression analysis of treatment effects
OR 95%CI P

Uric acid attainment Model 1 4.134 1.876, 9.113 <0.001
Model 2 4.196 1.893, 9.300 <0.001
Model 3 4.011 1.595, 10.086 0.003

Drug dose Model 1 0.022 0.003, 0.165 <0.001
Model 2 0.021 0.003, 0.161 <0.001
Model 3 0.018 0.002, 0.148 <0.001

Gout attack frequency Model 1 0.034 0.004, 0.256 0.001
Model 2 0.033 0.004, 0.253 0.001
Model 3 0.028 0.003, 0.239 0.001

SF-36 change Model 1 4.941 2.466, 9.900 <0.001
Model 2 5.154 2.545, 10.437 <0.001
Model 3 4.976 2.243, 11.040 <0.001

Model 1: unadjusted for variables

Model 2: adjusted for sex, age, and BMI

Model 3: adjusted for smoking history, alcohol consumption history, family 
history, disease duration, number of gout stone sites, and frequency of gout 
attacks based on model 2

Uric acid attainment: uric acid < 300 µmol/l defined as 1; drug dose: 
febuxostat > 40  mg defined as 1; gout attack frequency: gout attack/6 
months > 1 defined as 1; SF-36 change: SF-36 (6 M)-SF-36 (baseline) > 0 defined 
as 1; all referenced to 0

Fig. 4  SF-36 over time. (F:36.921, P<0.001; F interaction:1.405, P interaction:0.247; Fintergroup:72.741, Pintergroup:<0.001)
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increase of SF-36 were higher in the MDT surgery group. 
In the MDT group, the proportion of patients receiving 
high-dose drug therapy, the proportion of patients devel-
oping frequent gout, and the proportion of patients with 
abnormal liver function were lower.

Our study found a gradual decrease in blood uric acid 
levels over time after patient treatment, with a greater 
decrease in the drug group of patients. This may be 
related to the differences in blood uric acid levels at the 
time of enrollment as well as drug dosage between the 
two groups of patients. Surgery can remove subcutane-
ous gout stones and reduce the urate load in the body, but 
the current study did not find that surgery can directly 
reduce blood uric acid. The uric acid-lowering drug 
applied in this study was febuxostat, and previous studies 
have shown that the uric acid-lowering effect of febuxo-
stat is dose-dependent, and the magnitude of uric acid-
lowering is greater as the dose of the drug used increases 
[21–23]. In patients with comorbid gouty stones, dissolu-
tion of urate crystals deposited in the subcutis, tendons, 
and bones is possible when blood uric acid is < 300 µmol/l 

[11, 12, 24]. Using the blood uric acid level of < 300 
µmol/l at 6 months of follow-up as the criterion for uric 
acid compliance, and logistic regression with whether 
or not uric acid compliance was the dependent variable, 
patients in the MDT surgery group had a higher rate of 
uric acid compliance, and after adjusting for confound-
ing variables, the rate of uric acid compliance for patients 
in the MDT surgery group was approximately four times 
higher than that in the drug group (OR: 4.011). Previous 
studies also support this finding that patients with gout 
stones removed after surgical intervention have better 
control of blood uric acid [19]. During uric acid reduc-
tion, urate crystals dissolve and enter the bloodstream, 
causing an increase in blood uric acid levels; surgery 
reduces the urate load, resulting in a smooth decrease in 
blood uric acid during uric acid reduction.

In addition, we followed up the frequency of gouty 
attacks with medication use. Using more than 40 mg of 
medication as the delineation criterion and regression 
analysis after adjusting for confounders, the proportion 
of patients using larger doses of medication in the MDT 
surgical group was 1.8% of that in the medication group 
(OR: 0.018); using more than one gouty attack as the 
delineation criterion and regression analysis after adjust-
ing for confounders, the proportion of patients experi-
encing frequent gouty attacks was significantly smaller in 
the MDT The proportion of patients with frequent gout 
attacks in the surgery group was significantly smaller 
than that in the drug group (OR: 0.028). Patients treated 
with MDT surgery had a lower degree of re-precipitation 
of uric acid from tissues after blood uric acid decreased 
than patients without surgery to reduce the urate load. 

Table 5  Logistic regression analysis of liver function 
abnormalities after treatment

OR 95%CI P
Model 1 0.406 0.178, 0.926 0.032
Model 2 0.394 0.169, 0.919 0.031
Model 3 0.317 0.121, 0.831 0.019
Model 1: unadjusted for variables

Model 2: adjusted for sex, age, and BMI

Model 3: adjusted for smoking history, alcohol consumption history, family 
history, disease duration, number of gout stone sites, and frequency of gout 
attacks based on model 2

Fig. 5  Forest plot of treatment effects after adjusting for confounding variables
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The application of a conventional dose (40 mg once daily) 
resulted in a smooth decrease in uric acid. Previous stud-
ies have found that recurrent gout attacks are associ-
ated with gout stones, and serum urate levels correlate 
with the number of gout stones [25]. The high urate bur-
den associated with gout stones is more likely to lead to 
recurrent acute gout attacks.

In our study, the collection of SF-36 scores was per-
formed at baseline and follow-up nodes, containing 
relevant psychosomatic aspects [26]. At the initial qual-
ity of life related evaluation, SF-36 scores of patients in 
the MDT surgery group were lower than those of the 
drug group, and patients in the MDT surgery group suf-
fered from recurrent episodes of pain, which interfered 
with activity, sleep, and a decrease in SF-36 scores. The 
improvement in SF-36 scores was greater in the MDT 
surgery group during follow-up, and after adjusting for 
confounders and performing regression analyses, the 
patients in the MDT surgery group SF-36 score improve-
ment was approximately five times higher than that 
of the drug group (OR: 4.976), and the results showed 
that MDT surgery to remove gout stones significantly 
improved patients’ quality of life.

Hepatic impairment is the most common digestive 
injury associated with the use of uric acid-lowering 
drugs (ULTs) [27–32], manifested by an increase in ala-
nine aminotransferase and glutamine aminotransferase 
[33–35]. The hepatic injury that occurs after the applica-
tion of febuxostat is considered to be pharmacologic, and 
the degree of hepatic injury is dose-dependent to some 
extent. In this study, the effect of different treatment 
modalities on liver impairment was analyzed after adjust-
ing for confounding variables, and the results showed 
that patients in the MDT surgery group were 68.3% less 
likely to develop liver impairment after treatment than 
those in the drug group (OR: 0.317). The larger propor-
tion of patients in the drug group who used high doses of 
drugs was one of the reasons for this result.

This study has certain limitations. Firstly, although this 
retrospective study provides preliminary evidence of 
the clinical advantages of MDT treatment, prospective 
studies are required in the future to further validate the 
robustness and reliability of the results. Additionally, this 
study primarily compared the preliminary clinical out-
comes of MDT surgery with those of traditional surgery, 
but the lack of multi-center, randomized controlled trials 
limits the generalizability of the findings. Future studies 
should include larger sample sizes and multi-center ran-
domized controlled trials to further clarify the efficacy 
and safety of MDT treatment.
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