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Summary

Background: The incidence of benign thyroid nodules
(TN) is high. Minimally invasive ablation is a common-
ly used treatment in clinical practice. However, the dis-
tinctions in efficacy and safety between different ablation
techniques still need to be clarified. This study aimed to
compare the effects of ultrasound-guided radiofrequency
ablation (RFA) and microwave ablation (MWA) on serum
inflammatory factors, vascular endothelial growth factor
(VEGF) expression, nodule volume reduction, thyroid
function, and coagulation function in patients with benign
thyroid nodules.

Methods: One hundred and three patients with benign
TN were retrospectively included and allocated to an RFA
group (n=58) or an MWA group (n=45). Baseline data
and serum levels of inflammatory factors, nodule volume,
thyroid function indicators (FT3, FT4, TSH), coagulation
function parameters (PT, APTT), and vascular endothelial
growth factor (VEGF) expression in nodule tissues pre-
and post-surgery were extracted.

Results: No distinctions in baseline data were noted
(P>0.05). On day 1 after surgery, the levels of inflamma-
tory factors were lower in the RFA group versus the MWA
group; The volume reduction rate of the RFA group was
higher at each time point after surgery; At 6 months after
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Kratak sadrzaj

Uvod: Incidencija benignih &vorova titaste Zlezde (TN)
je visoka. U klini¢koj praksi se &esto koriste minimalno
invazivne ablativhe metode. Medutim, razlike u efikasnosti
i bezbednosti izmedu razli¢itih tehnika ablacije jo$ uvek nisu
u potpunosti razjadnjene. Cilj ove studije bio je da uporedi
efekte radiofrekventne ablacije (RFA) i mikrotalasne
ablacije (MWA) pod kontrolom ultrazvuka na serumske
inflamatorne faktore, ekspresiju vaskularnog endotelnog
faktora rasta (VEGF), stopu smanjenja zapremine &vora,
funkciju stitaste Zlezde i parametre koagulacije kod
pacijenata sa benignim ¢vorovima $titaste Zlezde.

Metode: Retrospektivno su uklju¢ena 103 pacijenta sa
benignim TN i rasporedena u RFA grupu (n 58) i MWA
grupu (n=45). Prikupljeni su pocetni podaci, serumski
nivoi inflamatornih faktora, zapremina ¢vora, parametri
funkcije stitaste Zlezde (FT3, FT4, TSH), parametri koagu-
lacije (PT, APTT), kao i ekspresija vaskularnog endotelnog
faktora rasta (VEGF) u tkivu ¢vora pre i nakon intervencije.
Rezultati: Nisu uocene razlike u pocetnim merenjima
(P>0,05). Prvog postoperativnog dana nivoi inflama-
tornih faktora bili su nizi u RFA grupi u poredenju sa MWA
grupom. Stopa smanjenja zapremine ¢vora bila je visa u
RFA grupi u svim postoperativnim vremenskim tackama.
Sest meseci nakon intervencije, RFA grupa je imala nizu
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surgery, the RFA group had a lower rate of VEGF-posi-
tive cells and a higher proportion of negative + weakly
positive cells (P<0.05). The RFA group had a superior
response rate (94.83% vs 77.78% in the MWA group) and
a lower incidence of adverse reactions (ARs) (13.79%),
with faster recovery (P<0.05). On postoperative day 1,
thyroid function indicators and coagulation parameters in
both groups fluctuated slightly. Still, they remained within
the normal range, with no significant difference between
groups (P>0.05).

Conclusion: For the treatment of benign thyroid nodules,
ultrasound-guided RFA was superior in alleviating inflam-
matory stress, promoting nodule reduction, and inhibiting
VEGF expression. lts safety profile was reliable in protect-
ing thyroid function and maintaining stable coagulation
function, demonstrating greater comprehensive efficacy
and safety. Thus, it can be considered a preferred mini-
mally invasive treatment option.

Keywords: thyroid nodule, ultrasound, radiofrequency
ablation, microwave ablation, vascular endothelial growth
factor, volume reduction rate, inflammatory response, co-
agulation function

Introduction

Thyroid nodules (TNs) are common thyroid le-
sions in clinical endocrinology and thyroid surgery.
The incidence in the general population has been in-
creasing year by year, largely due to the widespread
use of high-resolution ultrasound and other imag-
ing techniques that allow more frequent detection
of asymptomatic nodules (1, 2). Most patients have
no obvious clinical symptoms and are often found
incidentally during physical examination or exam-
ination for other diseases (1). Based on patholog-
ical characteristics, TN can be divided into benign
and malignant subtypes. Benign nodules account
for more than 90%. Still, some benign nodules may
cause compressive symptoms due to enlargement,
such as globus sensation and hoarseness, or affect
patients’ psychological state due to obvious protru-
sion. Malignant nodules, although accounting for a
small proportion, need timely intervention to pre-
vent disease progression and metastasis. Therefore,
the standardised treatment of TN has always been a
focus of clinical attention (2, 3).

For benign thyroid nodules, the traditional
treatment options mostly include surgical excision,
active surveillance, and, in some cases, levothyroxine
suppression therapy. The latter approach is currently
considered a doubtful practice and not strongly
advocated. Although surgical resection can directly
remove the nodules, it has the problems of large
trauma, long postoperative recovery time, and
possible complications such as hypothyroidism.
For patients with multiple nodules or special
nodule locations, the difficulty and risk of surgery
are further increased (3, 4). Radioactive iodine

stopu VEGF-pozitivnih Celija i veéi udeo negativnih i sla-
bo pozitivnih éelija (P<0,05). RFA grupa je pokazala visu
stopu odgovora na terapiju (94,83% naspram 77,78%
u MWA grupi), manju ulestalost nezeljenih reakcija
(13,79%) i brzi oporavak (P<0,05). Prvog postoperativ-
nog dana parametri funkcije $titaste Zlezde i koagulacije
u obe grupe pokazali su blage oscilacije, ali su ostali u
granicama referentnih vrednosti, bez statisticki znacajne
razlike izmedu grupa (P>0,05).

Zakljuéak: U lecenju benignih ¢vorova Stitaste zlezde,
radiofrekventna ablacija pod kontrolom ultrazvuka poka-
zala je prednost u smanjenju inflamatornog odgovora,
podsticanju redukcije zapremine ¢vora i inhibiciji ekspre-
sije VEGF-a. Bezbednosni profil metode je pouzdan u
ocuvanju funkcije $titaste Zlezde i stabilnosti koagulacije,
$to ukazuje na izrazeniju ukupnu efikasnost i bezbednost.
Stoga se moze smatrati preferiranom minimalno
invazivnom terapijskom opcijom.

Kljuéne reéi: cvor stitaste Zlezde, ultrazvuk, radiofre-
kventna ablacija, mikrotalasna ablacija, vaskularni endo-
telni faktor rasta, stopa smanjenja zapremine, inflamatorni
odgovor, funkcija koagulacije

therapy is mainly applicable to patients with nodules
accompanied by hyperthyroidism. It has limited
efficacy for simple benign nodules. It may also cause
irreversible damage to thyroid tissue. Conservative
drug treatment can only temporarily control nodule
growth. It cannot demonstrably reduce volume or
cure them, which cannot meet patients’ long-term
demand for efficacy (5).

Therefore, exploring a minimally invasive,
safe, and efficient treatment for TN has become an
important direction. With the rapid integration of
medical imaging and minimally invasive techniques,
ultrasound-guided radiofrequency ablation (RFA)
has been increasingly applied in TN. This technology
uses ultrasound imaging for real-time guidance,
accurately locates the nodule, and induces
coagulative necrosis of the nodule tissue via the
thermal effect of radiofrequency energy, eventually
leading to nodule shrinkage or disappearance (6).
Compared with traditional surgery, ultrasound-
guided RFA offers the advantages of minimal trauma,
a short operative time, rapid postoperative recovery,
and maximal preservation of normal thyroid tissue
and function. It has become an important choice
in treating benign TN. Vascular endothelial growth
factor (VEGF) is a key regulator of angiogenesis.
It is critical for the occurrence and development
of tumours and benign proliferative lesions. It can
promote the formation of new blood vessels in the
lesion tissue, providing sufficient nutritional support
for nodule growth. lts expression level is closely
related to the growth activity and volume changes
of the nodule (3, 7).

This study aims to systematically explore the
clinical value of ultrasound-guided RFA for TN,
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focusing on changes in VEGF expression levels in
nodule tissues and the dynamic trend in nodule vol-
ume reduction rate. By clarifying the effects of RFA
on VEGF expression in TN, the possible therapeutic
mechanisms can be revealed. Moreover, long-term
follow-up of nodule volume reduction would verify
the sustained therapeutic effect of this technology.
This provides a theoretical basis and practical ref-
erence for the optimisation of minimally invasive
treatment schemes for TN and for the formulation
of individualised diagnosis and intervention strate-
gies in clinical practice, promoting the development
of minimally invasive TN treatment towards greater
precision and higher efficiency.

Methodology
Participants

103 individuals who received minimally inva-
sive intervention for TN at Norinco General Hospi-
tal from February 2023 to August 2024 were ret-
rospectively included. All patients were diagnosed
with benign TN (Bethesda grade 1l) by preopera-
tive ultrasound combined with fine-needle aspira-
tion cytology (FNAC) and had clear indications for
treatment due to large nodules (maximum diame-
ter 1.7-4.5 cm) causing neck compression, globus
sensation, or cosmetic concerns. According to the
treatment method they received, they were allocat-
ed to an ultrasound-guided RFA group (n=58) or
an ultrasound-guided microwave ablation (MWA)
group (n=45). The participants either declined the
surgical procedure or opted for a less invasive al-
ternative, or they were considered to be at an in-
creased risk for perioperative complications due to
comorbidities like hypertension and diabetes. There-
fore, ultrasound-guided ablation was considered an
alternative to surgery. Although these comorbidities
were not considered absolute contraindications for
thyroid surgery, ablation was considered in this case
to avoid trauma and anaesthesia-related complica-
tions. All participants had complete clinical infor-
mation, images, and follow-up results before and
after treatment, with a follow-up period of at least
12 months.

Inclusion criteria: 1) Those diagnosed with TN
by ultrasound combined with FNAC with a patho-
logical Bethesda grade lI-lll; 2) Nodule maximum
diameter of 1.5-4.0 cm with obvious clinical symp-
toms (such as globus sensation, neck compression)
or cosmetic demands; 3) Age between 20 and 65
years old without severe underlying diseases; 4)
Those who refused surgical operation and were will-
ing to receive ultrasound-guided RFA.

In nodules categorised as Bethesda Il (atyp-
ia of undetermined significance/follicular lesion
of undetermined significance), a risk stratification

protocol was applied. All nodules categorised as
Bethesda Il underwent repeat ultrasonography and
a multi-disciplinary approach involving endocrinol-
ogy, radiology, and surgery. Nodules identified as
having features suspicious for malignancy on ultra-
sound (e.g., markedly hypoechoic texture, irregular
margins, presence of microcalcifications, suspicious
lymphadenopathy) or those clinically suspicious for
malignancy were excluded from ablation therapy
and underwent additional diagnostic evaluation or
surgical treatment. Only those nodules categorised
as Bethesda Il and found to be at low risk, compati-
ble with benign disease, underwent ablation therapy.
There was no evidence of malignant transformation
in these nodules categorised as Bethesda Il over a
follow-up period of at least 12 months.

Exclusion criteria: 1) Those with malignant
nodules (Bethesda grade V-VI) or suspected ma-
lignancy without further diagnosis; 2) Those with
coarse calcification in the nodule, located behind
the sternum or adjacent to large blood vessels/tra-
chea that cannot be safely punctured; 3) Those with
coagulation dysfunction, uncontrolled hyperthyroid-
ism, or severe cardiovascular, pulmonary, hepatic, or
renal diseases; 4) Pregnant or breastfeeding wom-
en, or those with a history of neck radiotherapy or
thyroid surgery.

Preoperative assessment and data collection
Extraction of baseline data

The data of the participants were retrospec-
tively extracted from the hospital electronic medi-
cal record system (EMR), including gender, age,
disease duration (time from nodule detection to
intervention), nodule location (left lobe/right lobe/
isthmus), nodule component (solid/cystic/mixed,
with the proportion of cystic components recorded
for mixed nodules), preoperative maximum nodule
diameter and volume, and preoperative Adler blood
flow grade, to ensure the comparability.

Imaging examination data

The thyroid ultrasound images obtained with-
in 1 week of surgery were retrieved from the hos-
pital picture archiving and communication system
(PACS). Participants underwent preoperative nodule
assessment using a Philips EPIQ 7C colour Doppler
ultrasound device (probe frequency 7-12 MHz),
operated independently by two physicians with over
5 years of experience in thyroid ultrasound diagno-
sis (consensus was reached through departmental
case discussion in the event of disagreement). The
recorded indicators included: nodule location (left
lobe/right lobe/isthmus), size (length A, width B,
thickness C, accurate to 0.1 cm), component (solid/
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cystic/mixed, with the proportion of cystic compo-
nents recorded for mixed nodules), margin (clear/
ill-defined), internal echo (hyperechoic/isoechoic/
hypoechoic), blood flow signal (graded by Adler
grade: O for no blood flow, | for minimal punctate
blood flow, Il for moderate linear blood flow, Il for
abundant reticular blood flow). The two-dimension-
al and colour Doppler images of the nodule were
also stored for subsequent volume calculation and
comparison after treatment.

Extraction of laboratory data

Laboratory test results were obtained within 1
week before surgery, including routine blood tests
(white blood cell count, platelet count), coagulation
function (PT, APTT), thyroid function (FT3, FT4,
TSH), and serum inflammatory factors (CRP, IL-6,
TNF-a). All tests were completed by the hospital
laboratory using the Roche Cobas 8000 automatic
biochemical analyser, with reference ranges based
on the laboratory standards.

Tissue sample retention

The nodule tissue samples retained from pre-
operative FNAC (all paraffin-embedded tissues or
-80 °C cryopreserved tissues archived in the hos-
pital pathology department) and the residual nod-
ule tissue samples obtained by ultrasound-guided
puncture 6 months after surgery were retrospective-
ly sorted. VEGF expression was detected using the
hospital pathology department’s routine immuno-
histochemical (IHC) method, and IHC-stained slides
and statistical reports on positive cell rate were ret-
rospectively extracted.

Treatment plans and operating procedures

The treatments were conventional clinical tech-
niques regularly performed at the Thyroid Minimally
Invasive Diagnosis and Treatment Centre of Norinco
General Hospital. The operating procedures were
retrospectively sorted out as follows:

RFA:  The ECO-100C RFA  system
(20173030678, ECO, Nanjing) was used, equipped
with a 17G multi-pole cold-cycle ablation needle
(exposed needle tip length 5-12 mm); the guiding
ultrasound was a Philips EPIQ 7C colour Doppler
ultrasound device (probe frequency 7-12 MHz).
MWA: The YDM-300 MWA device (20183030291,
Yuande, Beijing) was used, equipped with an 18G
water-cooled MWA needle (exposed needle tip
length 3-10 mm); the guiding ultrasound device
was the same as that used in RFA.

Preoperative preparation: The patient was
placed in a supine position with a soft pillow under

the shoulders to maintain neck hyperextension. The
area was routinely disinfected with 0.5% povidone
jiodine and covered with a sterile drape. Local in-
filtration anaesthesia was administered around the
puncture site and thyroid capsule with 2% lidocaine
injection. A fluid barrier was established by inject-
ing 8-15 mL of sterile normal saline into the space
between the thyroid and trachea, and the common
carotid artery.

Ablation operation: Under real-time ultra-
sound guidance, the ablation needle was punctured
to a depth of 1/3 of the nodule. The ablation sys-
tem was activated with an initial power of 35-45
W. The power was adjusted according to the range
of the gasification strong echo area displayed by
ultrasound (maximum <60 W). The ablation was
performed using a deep-to-shallow, edge-to-centre
moving method until the strong echo area com-
pletely covered the nodule and extended beyond
the edge by 1-2 mm. The ablation time was 8-15
min per nodule. For the MWA, under real-time ultra-
sound guidance, the ablation needle was punctured
to the centre of the nodule. The ablation device
was activated with an initial power of 40-50 W. The
power was adjusted based on the nodule size (maxi-
mum <80 W). The selected power ranges and upper
limits (<60 W for RFA and <80 W for MWA) were
based on the manufacturers’ recommendations and
our institutional protocol, aiming to achieve effec-
tive coagulative necrosis while minimising thermal
injury to surrounding critical structures in the neck.
A targeted ablation + short-distance moving mode
was used, with each ablation position lasting 20-30
s until the strong echo area completely enveloped
the nodule. The ablation time was 5-10 min per
nodule.

Postoperative management: After ablation,
the needle tip was left in place for 15-20 s, then
slowly withdrawn. The puncture site was pressed
with a sterile gauze for 15-20 min, followed by
a cold compress with an ice pack on the anterior
neck for 30 min. The patient was discharged after
2 h of observation without discomfort. According
to our institutional practice, patients were routine-
ly prescribed oral antibiotics for three days to pre-
vent infection (Amoxicillin capsules, 0.5 g per dose,
three times per day). We acknowledge that routine
antibiotic prophylaxis is not universally recommend-
ed for clean, minimally invasive thyroid procedures;
however, this regimen has been adopted as a local
protocol at our centre further to reduce the already
low risk of post-procedural infection.

Observation indicators and criteria for
judgment

All observation indicators were routine fol-
low-up items in clinical diagnosis and treatment.
Data were retrospectively extracted from patients’
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postoperative follow-up medical records, ultrasound
reports, and laboratory test reports without any ad-
ditional follow-up content:

(1) Serum CRP IL-6, and TNF-a. test results
from one day before surgery and one day after sur-
gery were extracted for both groups of patients. Si-
multaneously, thyroid function indicators (FT3, FT4,
TSH) and coagulation function parameters (PT,
APTT) were extracted from one day before and one
day after surgery to assess the impact of treatment
on thyroid and coagulation function.

(2) The thyroid ultrasound reports of the
participants before surgery and at 1, 3, 6, and 12
months after surgery were extracted. The length,
width, and thickness of the nodule at each time
point were recorded. The volume reduction rate was
recalculated using the equation: volume reduction
rate = [1 - (follow-up volume/preoperative volume)]
X 100%. If the ultrasound report indicated that the
nodule had completely disappeared, the volume
was recorded as O and the volume reduction rate
as 100%.

(3) The IHC staining results of the nodule tis-
sue of the participants before and 6 months after
surgery were retrospectively analysed. According
to the VEGF-positive cell rate in the original re-
port (number of positive cells/total number of cells
X 100%), it was divided into four levels: negative
(<10%), weakly positive (10%-30%), moderately
positive (31%-60%), and strongly positive (>60%).
The specific value of the positive cell rate was ex-
tracted for statistical analysis.

In addition, continuous percentages of
VEGF-positive cells were reported in pathology re-
ports. However, for the initial analysis, a semi-quan-
titative grading system was used: negative, weakly
positive, moderately positive, and strongly positive.
This system has proven good reproducibility among
observers in our pathology department. Moreover,
the distribution of percentage values was skewed
and not normally distributed. In such a case, it would
be difficult to use non-parametric tests.

(4) Clinical efficacy and safety: Efficacy judg-
ment: With 12 months after surgery as the assess-
ment time point, it was divided according to the
volume reduction rate: cure (=90% or nodule dis-
appearance), effective (50%-89%), and ineffective
(<50% or volume increase). The definition of cure
as a volume reduction rate (VRR) >90% was adopt-
ed based on previous large clinical studies and inter-
national consensus statements on thermal ablation
of benign thyroid nodules, in which a VRR >90% is
considered indicative of near-complete ablation and
durable clinical success.

The total effective rate = (number of cured
cases + number of effective cases)/total number
of cases X 100%. The results of efficacy judgment
were extracted from the follow-up medical records

at 12 months after surgery and, if necessary, com-
bined with ultrasound image review. Safety assess-
ment: The records of adverse reactions (ARs) during
treatment and the postoperative follow-up period
for participants were extracted, including pain (VAS
score >3). Post-procedural pain was evaluated using
a 0-10 visual analogue scale (VAS) at follow-up vis-
its or by telephone interview. Pain duration was de-
fined as the number of days from the procedure un-
til the VAS score decreased to <3 without the need
for regular analgesic medication, as documented in
the medical and nursing records), local hematoma
(diameter >1 cm), skin redness and swelling (range
>?2 cm around the puncture site), hoarseness (last-
ing >1 week), and thyroid dysfunction (abnormal
TSH at one month/3 months post-intervention).
The incidence rate of ARs and recovery time were
statistically analysed (extracted from nursing records
and medical course records).

Statistical processing

SPSS 22.0 software was employed. Normal-
ly distributed measurement data were reported as
mean = SD (x=s) and compared by one-way ANO-
VA, while those not following a normal distribution
were analysed adopting the Mann-Whitney test.
Categorical data were reported as frequencies and
percentages (%), and the chi-square test was used
for intergroup comparisons. A statistical significance
threshold of P<0.05 was applied.

Results
Baseline characteristics

There were no statistically significant differenc-
es in gender, age, disease duration, nodule location,
nodule component, preoperative maximum diam-
eter, preoperative volume, and preoperative Adler
grade (P>0.05), with comparability (Table /).

Serum inflammatory factors

One day before surgery, the levels of serum
CRP IL-6, and TNF-a. of the participants were com-
pared (P>0.05). On postoperative day 1, the partic-
ipants’ factors showed an elevation relative to preop-
erative levels. Still, the magnitude of increase from
preoperative to postoperative values was smaller in
the RFA group than in the MWA group, indicating
a milder systemic inflammatory response after RFA
(P<0.05) (Figure 1).

Nodule volume reduction rates at different
time points after treatment

At 1, 3, 6, and 12 months after surgery, the
nodule volume reduction rates of the participants
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Table | Contrast of baseline characteristics of participants.

Index RFA (n=58) MWA (n=45) Statistic P
Gender (cases, %)
Male 21 (36.21) 17 (37.78) %?=0.183 0.669
Female 37 (63.79) 28 (62.22)
Age (years) 42.35+8.62 4317+7.95 t=-0.462 0.645
Duration of illness (months) 11.24+3.58 10.86+3.21 t=0.531 0.596
Location of the nodule (cases, %)
Left lobe 23 (39.66) 19 (42.22)
¥?=0.572 0.751
Right lobe 28 (48.28) 21 (46.67)
Isthmus 7 (12.07) 5 (1111)
Component of the nodule (cases, %)
Solid 32 (5517) 26 (57.78)
x?=0.845 0.655
Cystic 8 (13.79) 5 (1111)
Mixed 18 (31.03) 14 (3111)
Proportion of cystic components recorded _
. o 35.21+£8.74 33.86+7.92 t=0.724 0.471
for mixed nodules (%)
Preoperative maximum diameter (cm) 2.86+0.65 2.93+0.58 t=-0.548 0.585
Preoperative volume (cm3) 8.72+315 9.05+2.87 t=-0.536 0.593
Preoperative Adlergrade (cases, %)
0 9 (15.52) 7 (15.56)
| 25 (43.10) 19 (42.22) x?=0.913 0.822
Il 18 (31.03) 15 (33.33)
1 6 (10.34) 4 (8.89)
i : 530 . ¢ 3 : .
14 4 B | iy before operation I | day before operation H day before operation
12 4 - 1 day after operation ol 25 - 1 day after operation E 30 4 - 1 day af\cr operation
: 25
\:' g 20 4 ) 5
&b = 4
né_ 2is \é -
5 ? B
=1 il =
10 B
Al % ]
- 0 - 0 -4
RFA group MWA group RFA group MWA group RFA group MWA group

Figure 1 Contrast of serum inflammatory factors. (A—C represent CRP, IL-6, TNF-a, respectively).
Note: *relative to that one day before surgery, #relative to the RFA group, P<0.05

gradually increased with time; At each time point,
the nodule volume reduction rate was noticeably
superior in the RFA group versus the MWA group

(P<0.05) (Figure 2).

VEGF expression levels in nodule tissue

Before surgery, the contrast between the
VEGF-positive cell rate and the distribution of
VEGF expression grade in the participants’ nod-
ule tissue showed no statistically significant differ-
ences (P>0.05). At 6 months after surgery, the
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Figure 2 Contrast of nodule volume reduction rates at
different time points.

Note: * relative to that one month after surgery, # relative to
the RFA group, P<0.05

80
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- RFA group
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VEGF-Positive Cell Rate (%)

Preoperative

6 months postoperative

Figure 3 Contrast of VEGF expression levels in nodule
tissue.

Note: *relative to that before surgery, # relative to the RFA
group, P<0.05

Table Il Contrast of VEGF expression grade distribution in nodule tissue.

Negati Weakly Moderately Strongly Negative
Time Group (E%%J)e positive positive positive + weakly a P
°) | (10%-30%) | (31%-60%) | (>60%) | positive (%)
. te | 5(862) | 12(2069) | 28(48.28) | 13(2241) | 2931 | 0387 | 0942
erore -
O] MWe | 4689 | 92000) | 2248.89) | 10(2222) | 28.89
6 months (nliF?s) 21(36.21) | 25(4310) | 10 (17.24) | 2 (3.45) 7931 | 8752 | 0.003
after
surgery (rA,A:vﬁ/é) 12 (26.67) | 15 (33.33) | 14 (3111) | 4 (8.89) 60
A 40 . - | : . B 120 —T
Hl rrA zoup -’m
B VA group. 100 - [ MWA group ]
_ 30 A
o 80 N
éb 4
E‘i 20 - S 60 A i
> ,
3 40 | |
i
W10 4
20 -
0 4 0 -
Cure Effective Ineffective Total Effective Rate

Figure 4 Contrast of clinical efficacy of participants.

(A: Number of cases for cure, effectiveness, and ineffectiveness; B: Total efficacy rate)

Note: # relative to the RFA group, P<0.05
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Figure 5 Contrast of ARs occurrence in participants.

(A: Number of cases for pain, local hematoma, skin redness and swelling, hoarseness, and thyroid dysfunction; B: Incidence rate

of ARs)
Note: # relative to the RFA group, P<0.05
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Figure 6 Contrast of recovery time of participants.
Note: # relative to the RFA group, P<0.05

VEGF-positive cell rate of the participants noticeably
decreased relative to that before surgery, and the
VEGF-positive cell rate was noticeably lower in the
RFA group versus the MWA group; In terms of VEGF
expression grade distribution, at 6 months after sur-
gery, the proportion of negative + weakly positive
was noticeably superior in the RFA group versus the
MWA group (P<0.05) (Figure 3, Table II).

Clinical efficacy and safety of participants

At 12 months after surgery, the evaluation of
therapeutic effect suggested that the response rate
was noticeably higher in the RFA group versus the
MWA group; In terms of safety, the incidence rate
of ARs was noticeably lower in the RFA group ver-
sus the MWA group, with the shorter recovery time
of ARs noted in the RFA group (P<0.05) (Figures
4-6).
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Figure 8 Comparison of coagulation function parameters between the two groups before and after treatment (A-B are PT

and APTT, respectively).

Comparison of thyroid function indicators
between the two groups before and after
treatment

One day before surgery, no statistically signif-
icant differences were found in FT3, FT4, and TSH
levels between the two groups (P>0.05), indicating
a consistent baseline. On postoperative day 1, al-
though the indicators in both groups showed slight
fluctuations compared to preoperative values, they
were strictly controlled within the clinical normal
reference range. No significant difference was ob-
served between groups (P>0.05) (Figure 7).

Comparison of coagulation function
parameters between the two groups before
and after treatment

One day before surgery, no statistically signifi-
cant difference in PT or APTT levels was found be-
tween the two groups (P>0.05). On postoperative
day 1, the parameters in both groups showed only
minor fluctuations from preoperative values and
remained within the normal reference interval. No

significant difference was found between groups
(P>0.05) (Figure 8).

Discussion

This study, by comparing the therapeutic ef-
fects of ultrasound-guided RFA and MWA on be-
nign TN, has clarified the technical advantages of
RFA, including improved inflammatory responses,
enhanced nodule shrinkage, and inhibition of an-
giogenesis-related factor expression (VEGF). It pro-
vides practical evidence for the clinical optimisation
of minimally invasive treatment protocols for benign
TN. Regarding postoperative inflammatory stress
responses, serum CRP IL-6, and TNF-a levels in-
creased 1 day after surgery. This is directly related
to the local tissue damage caused by thermal abla-
tion and the body’s stress response. The inflamma-
tory response has been primarily attributed to direct
thermal damage to surrounding tissues during ab-
lation, leading to cell membrane damage, protein
denaturation, and activation of damage-associated
molecular patterns. Furthermore, a transient isch-
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emia-reperfusion injury from microvascular oc-
clusion followed by reperfusion may enhance the
cytokine cascade, leading to the release of pro-in-
flammatory cytokines such as IL-6 and TNF-a (8).

However, the levels of inflammatory factors in
the RFA group were noticeably lower. The core rea-
son lies in the inherent characteristics of RFA tech-
nology: it employs precise temperature control with
an initial power of 35-45 W (maximum < 60 W).
It is combined with a multi-pole cold-cycle ablation
needle. This can effectively reduce the diffusion of
thermal energy to surrounding normal tissues and
minimise non-target thermal damage (2, 9). Mean-
while, basic nursing measures during the operation
(such as applying an ice pack to the anterior neck for
30 min) further help alleviate local redness, swell-
ing, and pain responses, thereby indirectly reduc-
ing the release of inflammatory factors. In contrast,
MWA, with its high thermal efficiency and rapid
temperature rise (reaching 100-120 °C), although
it shortens ablation time, has a relatively wider ther-
mal diffusion range. Even with the same basic nurs-
ing care, it remains difficult to fully counteract the
inflammatory response to thermal injury, leading to
elevated levels of inflammatory factors (10).

Regarding long-term effects on nodule volume
reduction, the RFA group remained superior to the
MWA group from 1 to 12 months after surgery.
Moreover, at 12 months after surgery, the response
rate in the RFA group reached 94.83%, which was
noticeably better than the 77.78% in the MWA
group. This is closely related to the necrotic effects
of RFA on nodule tissue (11, 12).

The RFA response rate of 94.83% is consis-
tent with large series and meta-analytic data on RFA
for benign thyroid nodules. The volume reduction
ratio-based response rate at 12 months typically ap-
proaches or exceeds 90%. Conversely, the 12-month
response rate for MWA, at 77.78%, is at the lower
end of the reported outcomes range. The outcomes
for MWA have been shown to vary depending on
nodule composition, operator expertise, and tech-
nical protocol. To date, few studies have compared
RFA with MWA. However, several reports suggest
RFA can achieve a higher rate of volume reduction
at longer-term follow-up, particularly in solid-com-
position nodules (13, 14).

Few studies have specifically compared sys-
temic inflammatory markers after RFA versus MWA
for benign thyroid nodules; most comparative re-
ports have focused on efficacy and local complica-
tions rather than cytokine dynamics. Our observa-
tion that CRP, IL-6, and TNF-a increased to a lesser
extent after RFA therefore provides novel evidence
suggesting that different thermal profiles of the two
techniques may translate into different levels of pro-
cedure-related inflammatory stress (15, 16).

Nevertheless, the clinical significance of this dif-
ference in response rates (94.83% vs 77.78%) must
be viewed with caution. The operator’s experience,
learning curve effects, and centre-specific proficiency
in RFA and MWA may have contributed to the appar-
ent superiority of RFA in this study. It must be validat-
ed in further prospective multicentre studies.

RFA achieves coagulative necrosis throughout
the entire nodule by uniformly heating the nodule
tissue to 60-100 °C through frictional heat gener-
ation. The subsequent absorption process of the
necrotic tissue is more stable. Meanwhile, stan-
dardised postoperative follow-up care (such as reg-
ular ultrasound monitoring and dietary guidance)
ensures patient compliance. It allows medical staff
to monitor nodular absorption promptly. It provides
a basis for subsequent interventions (such as sup-
plementary ablation if necessary), thereby further
consolidating the therapeutic effect.

In comparison, although MWA has a high
thermal efficiency, it is more affected by nodular
components (such as cystic components and micro-
calcifications), which may lead to incomplete local
necrosis. In addition, some patients, due to poor fol-
low-up compliance (e.g., failure to undergo regular
re-examinations), miss the opportunity for early sup-
plementary treatment, ultimately affecting the long-
term volume-reduction effect (17-19). Regarding
the safety assessment of thyroid function and coag-
ulation function, this study supplemented the analy-
sis of changes in FT3, FT4, TSH, PT, and APTT be-
fore and after treatment in both groups. The results
indicated that neither ablation modality caused sig-
nificant adverse effects on patients’ thyroid function
or coagulation function. The baseline of relevant
indicators was consistent between the two groups
preoperatively. Although slight fluctuations occurred
on postoperative day 1, all indicators remained with-
in the clinical normal reference range, with no sig-
nificant intergroup difference. This finding is closely
related to the minimally invasive characteristics of
both ablation techniques. Ultrasound-guided pre-
cise puncture and controlled ablation scope can mi-
nimise damage to normal thyroid tissue, avoid thy-
roid hormone secretion disorders caused by gland
destruction, and reduce interference with coagula-
tion-related pathways.

Additionally, intraoperative establishment of a
fluid-isolation zone by injecting normal saline effec-
tively protects surrounding blood vessels and tissues,
thereby reducing the risk of bleeding. Postoperative
standardised pressure haemostasis and cold com-
press care further ensure the stability of coagulation
function. This finding complements the dimensions
of safety assessment for both ablation modalities in
previous studies, confirming that both RFA and MWA
reliably protect thyroid endocrine function and main-
tain coagulation stability. When combined with the
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differences in inflammatory response, nodule reduc-
tion efficacy, and adverse reactions mentioned earlier,
the comprehensive advantages of RFA in balancing
safety and efficacy are further highlighted, providing
stronger evidence-based support for the clinical se-
lection of minimally invasive treatment plans.

From a molecular perspective, at 6 months
after surgery, the VEGF-positive cell rate in nodule
tissue was significantly lower. The proportion of
negative and weak-positive cells was higher in the
RFA group, indicating that RFA can more effectively
inhibit nodule angiogenesis. As a key regulator of
angiogenesis, VEGF expression levels directly affect
the nutritional supply to the nodule.

A more marked decline in VEGF expression
after radiofrequency ablation could be related to
greater coagulative necrosis and, hence, a larger
proportion of viable cells in the nodules dying off af-
ter RFA. Nevertheless, the present study shows that
there is a relationship, though not a cause-and-ef-
fect one. Further studies to confirm the cause-and-
effect relationship through molecular or functional
analyses of the particular anti-angiogenic effect of
RFA are lacking. It could be hypothesised that the
reduction in VEGF expression after RFA is more re-
lated to the overall reduction in the volume of viable
nodules (20).

Meanwhile, RFA causes less damage to sur-
rounding normal thyroid tissue, thereby avoiding
compensatory increases in VEGF during repair of
normal tissue. Thus, it blocks the nutritional support
for nodule regeneration from the source (21, 22). In
contrast, although MWA can also reduce VEGF ex-
pression, due to the possible non-uniformity of local
necrosis, the remaining small number of active cells
can still maintain a certain level of VEGF expression,
resulting in weaker angiogenesis inhibition than
RFA. In our cohort, the duration of post-procedural
pain, defined as the time until the VAS score fell
below 3 without regular analgesic use, was shorter
after RFA than after MWA (mean 3.2 vs 5.6 days),
further supporting the clinical tolerability of RFA.

This is not only due to the minimally invasive
advantages of RFA technology (accurate puncture
path and small thermal damage range) but also
closely related to intraoperative nursing cooperation
(such as accurately establishing a fluid barrier: in-
jecting 8-15 mL of normal saline into the space be-
tween the thyroid and trachea, and the common ca-
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