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Abstract

Introduction

Renal cell carcinoma (RCC) is the fourteenth most common
malignancy. Improved cross-sectional imaging has increased
the identification of small renal masses (SRMs), resulting in a
change in care to nephron sparing techniques such as
microwave ablation (MWA). This study evaluated the patient
characteristics, tumor features, and early outcomes of image-
guided MWA for SRMs inatertiary care environment in Sri Lanka.

Methodology

This prospective observational study was carried out in a
tertiary care hospital between April 2023 and May 2024.
Consecutive patients with biopsy—proven Tla SRMs (<4
cm) who underwent curative percutaneous MWA following
multidisciplinary team (MDT) evaluation, were included.
Clinical, radiological, histological, and renal function data
were obtained. The outcomes included technical success,
complications, recurrence, and changes in renal function.

Results

Twelve patients (mean age 52.1 £13.19 years; 83.33% male)
underwent MWA with a mean follow-up of 28.63 months
until April 2026. Hypertension was the most common
comorbidity, and 75% of lesions were incidentally detected.
Clear cell RCC was the most common histological subtype
(66.67%), followed by oncocytoma (16.67%). Technical
success was achieved in all cases, with 83.33% required a
single ablation session. Only two minor complications
(16.67%) (Clavien-Dindo grades I and II) were recorded.

Renal function was preserved, with no evidence of local
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recurrence or distant metastasis during follow-up.

Conclusion

Image-guided MWA revealed great technical success,
acceptable safety, and effective short-term oncological
management while maintaining renal function, indicating that
itis a potential nephron-sparing alternative for selected SRMs
inresource-limited settings.

Introduction

Renal cell carcinoma (RCC) is the most common form of
primary kidney cancer, representing approximately 90% of
all renal malignancies and 2-3% of all cancers globally [1,2].
Epidemiological data show that RCC ranks as the fourteenth
most common cancer, with a higher incidence in men and a
peak diagnosis rate between the ages of 60 and 70 [3,4].
Several risk factors have been identified, including smoking,
hypertension, obesity, occupational exposure to carcinogens,
alcohol use, and high red meat intake [1,3,5]. The prognosis is
strongly depending on the stage of diagnosis, whereas
metastatic RCC continues to exhibit poor survival results [ 1].

The increased use of imaging modalities such as
ultrasonography (USS), computed tomography (CT), and
magnetic resonance imaging (MRI) has resulted in an
increase in incidental identification of small renal masses
(SRMs) [6]. SRMs are classified as renal tumors with a
diameter of less than 4cm, are frequently detected before
symptoms appear [7]. The classic triad of hematuria, flank
discomfort, and palpable abdominal mass occurs in less than
10% of individuals [1].

SRMs are now managed with active surveillance, partial
nephrectomy, radical nephrectomy and image- guided
ablative therapy [3]. Thermal ablative procedures such as
radiofrequency ablation (RFA), cryoablation and microwave
ablation (MWA) have grown in popularity, particularly

among patients who are unsuitable for surgery or have pre-
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existing chronic renal disease [8]. Renal function
preservation has emerged as a key treatment goal, particularly
in patients with single kidneys or baseline renal impairment

[9].

MWA is a new minimally invasive thermal ablation
technology that produces tumour necrosis by generating
electromagnetic energy [8]. MWA has various benefits over
other ablative modalities, including greater intratumoral
temperatures, bigger ablation zones, faster procedure
timeframes, and decreased vulnerability to heat-sink effects
[10]. Furthermore, MWA may be conducted percutancously
under imaging guidance, resulting in decreased procedural
morbidity, shorter hospital stays, and improved renal
functional preservation [9]. Follow-up imaging with CT or
MRI is critical in post-ablation monitoring for evaluating
treatment effectiveness, residual disease, local recurrence,
and consequences [1].

Despite the growing use of ablative treatments internationally,
there is no local information on the efficacy and consequences
of MWA in the treatment of SRMs in Sri Lanka. As a result,
the purpose of this prospective study is to assess patient
variables, tumor features, treatment efficacy, and renal
functional outcomes in patients with small renal masses who
are having microwave ablative therapy at Teaching Hospital
Jaffna.

Methodology

This institution-based prospective observational study was
conducted at the Interventional Radiology Unit, Teaching
Hospital Jaffna, in collaboration with the Department of
Surgery, Faculty of Medicine, University of Jaffna, from
April 2023 to May 2024. Ethical clearance was obtained from
the Ethics Review Committee, Teaching Hospital Jaffna. The
study aims to assess patient variables, tumour features, and
treatment outcomes in patients with SRM treated with MWA.

Patients with biopsy-proven solid renal masses who
underwent curative-intent ultrasound (USS)-guided
percutanecous MWA were consecutively recruited after
providing informed written consent. All patients were
discussed at a multidisciplinary team (MDT) meeting,
informed about the available therapeutic options for the
management of their renal masses and elected to undergo
MWA. A renal mass biopsy was performed during the
ablation according to the MDT protocol.

Data were collected using a structured data extraction form.
Baseline patient factors included age, gender, comorbidities,

smoking history, family history, and recurrence status.
Tumour size, anatomical location and histological subtype
were all considered. Treatment-related factors and procedural
details were also documented.

Serum creatinine and estimated glomerular filtration rate
(eGFR) were monitored pre- and post-ablation to determine
renal functional outcomes. Post-procedural outcomes
included procedure-related complications, local recurrence,
and distant metastases. Follow-up imaging with contrast-
enhanced computed tomography (CT) was conducted at 6
months and then annually after that, with any indication of
residual or recurrent disease reported.

Data were analysed with SPSS version 26. Continuous
variables were summarised as mean =SD or median, while
categorical variables were represented as frequencies and
percentages. Tables and figures were used to summarise
patient characteristics, tumour features, treatment outcomes,
and follow-up results.

Results

A total of 12 patients with SRM underwent MWA at the
Interventional Radiology Unit, Teaching Hospital Jaffna,
between April 2023 and May 2024.

The study population had a mean age of 52.1 years (range: 28
to 70, median= 54.5 years). There were ten men (83.33%) and
two women (16.67%). The majority of patients (75%)
presented with incidentally identified renal abnormalities,
while some reported loin pain (25%).

Table 1: baseline demographic and clinical characteristics of

patients
Variable n (%) / Mean £5D
Age (years) 32.1+13.19 (28-700
{median= 54.5)
Sex Male 10 (83.33%)
Female 2 (16.67%)
Presenting Incidental detection 9 (73%)
Complaint Loin Pain 3(23%)

Comorbidities | Hypertension 2 (66.67%)

Diabetes mellitus 3(41.67%)
Dyslipidemia 3(41.67%)
Bronchial asthma 1 (8.33%)

Ischemic heart disease | 1(8.33%)
1{8.33%)

Sick sinus syndrome

Smoking Yes 4(33.33%)
No 8 (66.67%)

Alcohol Yes 3 (25%)
No 9 (75%)
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Hypertension was the most prevalent comorbidity (66.67%),
either alone or in conjunction with diabetes, bronchial
asthma, dyslipidemia, or ischemic heart disease. 41.67% of
the patients had diabetic mellitus, 8.33% had bronchial
asthma, 41.67% had dyslipidemia, 8.33% had sick sinus
syndrome, and 8.33% had ischemic heart disease. One
patient's history was suggestive of von Hippel-Lindau
syndrome. The majority of patients were nonsmokers
(66.67%) and did not use alcohol (75%).

Table 2: Tumor characteristics

Variable n (%)
Bize Mean tumor size {cm) 3.04=0.6 (2-4)
<4dem 10 (83.33%)
=4cm 2(16.67%)
Laterality Left kidney 8 (66.67%)
Right kidney 4(33.33%)
Histopathological | Clear cell RCC 2 (66.67%)
diagnosis Oncocytoma 2{16.67%)
Papillary RCC 1(8.33%)
Chromophobe RCC 1 (8.33%)
TNM Staging” T1aMOMO 10 (83.33%)
Not applicable (benign) | 2 {16.67%)
WHO/ISUP Grade 1 3{41.67%)
prading Grade 2 2 (16.67%)
Grade 3 0
Grade 4 0
Cannot be graded 2(16.67%)
Not applicable 3 {23%)

*TNM staging is omitted for benign histopathology

The pre-ablation tumor size ranged from 2cm to 4.0cm, with
the majority of lesions measuring less than 4cm (83.33%).
The mean tumor size was 3.04cm. The majority of the tumor
was found in the left kidney (66.67%). Upper pole lesions
were the most common tumor site. The histopathological
investigation revealed: Clear cell renal cell carcinoma in 8
patients (66.67%), oncocytoma in 2 patients (16.67%),
Papillary renal cell carcinoma in 1 patient (8.33%) and
Chromophobe renal cell carcinoma in 1 patient (8.33%).

WHO/ISUP grading was available in selected cases, with
grade 1 lesions being the most frequent (41.67%). Tumour
staging demonstrated predominantly localised disease, with
most patients classified as T1aNOMO(83.33%).

Renal function was evaluated using serum creatinine and
estimated glomerular filtration rate(eGFR). Serum creatinine
levels in the patients ranged from 57 to 157 umol/L, with a
median of 107.5 umol/L. The eGFR values varied from 45 to
127 mL/min/1.73m’ with a median of 70 mL/min/1.73m’.

Three patients (25%) had pre-existing chronic kidney disease
(CKD) stage 3a at the time of presentation.

Table 3: Procedural characteristics

Variable Value
Technical success 12 (100%)
Single session ablation 10 (83.33%)
Repeat ablation 2(16.67%)
Ablation duration Mean 8 86 min
Range 4-12 min
Power Mean 35T1W
Range 30-T0W
Clavien-Dindo complications | Grade I 1(8.33%)
Grade II 1 (8.33%)
Grade 111 0
Grade IV 0
Mean follow-up duration 28.63 months
Recurrence during follow-up 0
Development of metastasis during follow-up | 0
Mortality during follow-up 0

All procedures were conducted under general anesthesia with
USS-guided percutaneous microwave ablation using the 14G
x 15cm antenna of the MWA system. Technical success was
obtained in 12 out of 12 patients (100%). Single-session
ablation was sufficient in 10 patients (83.33%), however
2(16.67%) individuals required additional ablation sessions
due to residual disease. The duration of ablation ranges from 4
to 12 minutes, with a mean of 8.86 minutes. The power used
for ablation ranged from 50W to 70W, with a mean of 55.7 W.
The majority of treatments were performed with SOW power.

No major immediate procedural complications were
documented. Two patients experienced minor complications.
One of them developed a perinephric hematoma that was
managed conservatively (Clavien-Dindo Grade I), while
another developed a small perinephric abscess that was
successfully treated with antibiotics (Clavien-Dindo Grade
II). The mean follow-up duration was 28.63 months (range,
24-35 months). Renal function remained essentially intact
after MWA. In individuals with available follow-up renal
function data, serum creatinine levels remained steady after
treatment.

During the available follow-up period, no significant local
recurrences, newly diagnosed distant metastases or mortality
were recorded among successfully treated patients. In the vast
majority of cases, nephrons were preserved.
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Figure 1a: Left renal lower pole tumour
Figurelb: ECO MWA genrator

Figurelc: MWA antenna within the lesion
Figureld: Monitoring the ablation with USS
Figurele: Immediate postablation CECT

Figurelf: Follow up MRIin 3 months

Discussion

This study looked at the early clinical, functional, and
oncological results of MWA in patients with SRMs treated at
the Interventional Radiology Unit at Teaching Hospital
Jaffna. The results showed high technical success, minimal
complications, excellent renal function preservation, and
positive short-term oncological management, confirming
thermal ablation's expanding significance as a minimally
invasive nephron-sparing therapy for some renal
malignancies.

The mean age of the study population was 52.1 years, with a
significant male predominance. This demographic profile is
consistent with the documented epidemiology of renal cell
carcinoma (RCC), which frequently affects middle-aged to
elderly males. Several recent studies have shown a similar
male predominance [1,2,11]. The majority of presentations in
the current study were due to incidentally detected renal
lesions, which reflects the increasing use of cross-sectional
imaging and the rising detection of asymptomatic SRMs
worldwide. This tendency has been regularly reported in
current renal tumour literature, and it has had a substantial
impact on the transition to minimally invasive nephron-
sparing therapy [3].

The majority of tumours in this research were categorised as
Tla lesions measuring < 4cm, which is consistent with

current worldwide recommendations for thermal ablation
[2,3,11,12]. According to the current evidence, thermal
ablation is regarded an effective therapeutic option for
adequately chosen Tla renal tumours, particularly in patients
unsuitable for surgery or needing nephron preservation
[3,11,12]. The major histological subtype in our group was
clear cell RCC, which is consistent with the known
worldwide histo pathological distribution of renal
malignancies [ 1-3].

Almost all treatments were technically successful in our
study, which is consistent with previous findings reporting
high technical success rates for microwave ablation in the
management of SRMs, frequently exceeding 90% [11].
Single session of ablation was sufficient in 83.33% of the
study population, which is comparable to previously
published studies indicating primary effectiveness rates
ranging from 73.5% to 89.3% after percutaneous thermal
ablation of small renal tumours [12,13].

The current trial also had a satisfactory safety profile, with no
serious acute procedural problems reported. Only two
individuals (16.67%) suffered mild adverse reactions. A
conservatively handled perinephric hematoma was classed as
a Grade I complication, whereas a tiny perinephric abscess
that was effectively treated with antibiotics was rated as
Grade II. This validates prior findings indicating that
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percutaneous MWA is linked with reduced morbidity and
faster recovery than surgical methods[2,13,14]. Another
study reported an overall complication rate of 7.4% after CT-
guided MWA, with serious complications occurring in just
3.7% of patients, underlining the good safety profile of this
procedure[15]. Similarly, a comprehensive review of thermal
ablation for small renal masses noted that Clavien-Dindo
Grade I and Grade II events, including hematoma and
infectious complications, are the most frequently
encountered adverse outcomes, whereas major complications
requiring surgical, endoscopic, or radiological intervention
remain uncommon[11]. The lack of severe complications in
our cohort may be attributed to cautious patient selection,
rigorous procedural planning, and the minimally invasive
nature of MWA. These data taken together, provide additional
evidence for MWA's position as a safe nephron-sparing
therapy option for suitably chosen individuals with SRMs.

The current study's key finding was the preservation of renal
function after MWA. During follow-up, the majority of
patients had stable serum creatinine and estimated glomerular
filtration rate (¢GFR) values. Recent studies have similarly
demonstrated that MWA has modest degradation in renal
function, underlining its nephron-sparing benefits[8,15].

During the available follow-up period, no significant local
recurrences or newly diagnosed distant metastases were
found among successfully treated patients. These data
indicate positive short-term oncological outcomes and are
consistent with previously reported local tumour control rates
after MWA. Local recurrence rates in contemporary
systematic reviews and cohort studies usually range between
0 and 23.5%, with most modern series showing rates below
5%, particularly with microwave ablation methods. Similarly,
distant metastatic progression remains uncommon, being
documented in less than 5% of patients at mid-term follow-up
in ablation groups[16,17]. However, the current study's
relatively short follow-up period limits the ability to analyse
long-term recurrence-free and cancer-specific survival rates.
Longer surveillance is required to fully assess long-term
oncological effects.

This study has various strengths. It provides preliminary
institutional experience with image-guided renal MWA from
a tertiary care centre in Northern Sri Lanka and indicates the
viability of implementing advanced minimally invasive
oncological therapies in a resource-constrained setting.
Furthermore, the study adds regional data to the rising
worldwide evidence supporting the ablation of SRMs.

Nevertheless, several limitations must be addressed. The
study was restricted by its small sample size, single-centre
design, and short follow-up period. Long-term renal
functional outcomes and survival analysis could not be fully
evaluated. Furthermore, the lack of a comparative surgical
arm prevents direct comparison with partial nephrectomy or
other ablative modalities like cryoablation.

Future multicenter trials with bigger patient populations and
longer follow-up periods are needed to back up these
findings. Comparative trials of MWA vs surgical and other
ablative procedures would also provide useful information
about long-term oncological efficacy, kidney preservation,
cost-effectiveness, and quality of life outcomes.

Conclusion

In conclusion, image-guided percutaneous microwave
ablation appears to be a safe, effective, and nephron-sparing
therapy option for certain patients with SRMs. In the current
group, the surgery was technically successful, had few
complications, preserved renal function, and showed
encouraging short-term oncological control. MWA may
therefore an important minimally invasive therapeutic
alternative for SRMs, particularly in individuals who require
nephron preservation or have a high surgical risk.
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