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Aggressive local treatment of oligometastatic disease is 
an important emerging concept in oncology (1–5). 

While originally reserved for special circumstances in a 
limited number of primary tumors, such as colorectal 
metastases to the liver (6), improvements in systemic 
therapy and more effective, less invasive treatment op-
tions have increased interest in treating a wider variety of 
tumors (2,4,5,7,8). The retroperitoneum is a frequent site 
of oligometastatic disease but is a particularly challeng-
ing anatomic location for local therapies due to the prox-
imity of bowel, pancreas, major blood vessels, and lym-
phatics (9). Recent single-center and phase 2 radiation 
therapy studies demonstrated a potential improvement 
in progression-free survival (PFS), even in tumor types 
in which treatment of metastases had previously been 
considered futile (2–5,7,8). However, radiation therapy 
in the retroperitoneum can be associated with high levels 
of gastrointestinal toxicity (10–12). Other local therapies 
being investigated for use in treating retroperitoneal tu-
mors include surgery and thermal ablation (13–17).

Radiofrequency ablation (RFA) and cryoablation are 
the most established thermal ablation modalities, and 

both have been in use for several decades worldwide 
(15,16). More recently, interest in microwave ablation 
(MWA) is increasing due to faster heating and higher ap-
plied tissue temperatures, which may increase local tumor 
control (13,14,17). This increase may be particularly rel-
evant in the retroperitoneum where the substantial heat 
sink effect created by the aorta and inferior vena cava can 
increase local tumor progression (LTP) after RFA and 
cryoablation (18,19). A single prior study of MWA in 
the retroperitoneum performed without hydrodissec-
tion (injection of fluid to displace and protect adjacent 
structures) resulted in acceptable local control, but at 
the cost of complications and prolonged hospitalizations 
(20). Thus, two important questions remain: (a) Can the 
thermal and oncologic benefits of MWA demonstrated 
in other organs be translated to the retroperitoneum to 
achieve high rates of local tumor control with an accept-
able safety profile when combined with hydrodissection, 
and (b) is there an oncologic benefit of treating retroperi-
toneal metastases with thermal ablation?

The primary purpose of this retrospective, sin-
gle-center study was to determine if MWA of 
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Purpose: To determine if microwave ablation (MWA) of retroperitoneal tumors can safely provide high rates of local tumor control.

Materials and Methods: This retrospective study included 19 patients (median age, 65 years [range = 46–78 years]; 13 [68.4%] men and 
six [31.6%] women) with 29 retroperitoneal tumors treated over 22 MWA procedures. Hydrodissection (0.9% saline with 2% io-
hexol) was injected in 17 of 22 (77.3%) procedures to protect nontarget anatomy. The primary outcomes evaluated were local tumor 
progression (LTP) and complication rates. Oncologic outcomes, including overall survival (OS), progression-free survival (PFS), and 
treatment-free interval (TFI), were examined as secondary outcome measures.

Results: Median follow-up was 18 months (range = 0.5–113). Hydrodissection was successful in displacing nontarget anatomy in 16 of 
17 (94.1%) procedures. The LTP rate was 3.4% (one of 29; 95% CI: 0.1, 17.8) per tumor and 5.3% (one of 19; 95% CI: 0.1, 26.0) 
per patient. The overall complication rate per patient was 15.8% (three of 19), including two minor complications and one major 
complication. The OS rate at 1, 2, and 3 years was 81.8%, 81.8%, and 72.7%, respectively, with a median OS estimated at greater 
than 7 years. There was no evidence of a difference in OS (P = .34) and PFS (P = .56) between patients with renal cell carcinoma (six 
of 19 [31.6%]) versus other tumors (13 of 19 [68.4%]) and patients treated with no evidence of disease (15 of 22 [68.2%]) versus pa-
tients with residual tumors (seven of 22 [31.8%]). Median TFI was 18 months (range = 0.5–108).

Conclusion: Treatment of retroperitoneal tumors with MWA combined with hydrodissection provided high rates of local control, pro-
longed systemic therapy−free intervals, and few serious complications.
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tion (four of 22 [18.2%] procedures) by a multidisciplinary 
team of radiologists and urologists with 1–25 years of abla-
tion experience. After 2018, all procedures were performed 
under general anesthesia using high-frequency jet ventilation 
to minimize respiratory motion (22). A combination of CT 
fluoroscopy, US (LOGIQ E9 or E10; GE HealthCare), and 
an electromagnetic navigation system (CT-Navigation; IMAC-
TIS) were used to place microwave antennas. Hydrodissection 
(0.9% saline with 2% iohexol; GE HealthCare) was performed 
as necessary to temporarily displace nontarget anatomy away 
from the ablation zone (Figs 1, 2) (23).

A multiprobe, gas-cooled, in-phase, 2.45-GHz MWA 
system was used for all procedures (NeuWave Microwave 
Ablation System; Ethicon). Treatment time, power, and 
number of probes were determined by the operating physi-
cian based on real-time monitoring, tumor size, and dis-
tance to other anatomic structures.

Data Collection
Electronic medical records, picture archiving and communi-
cation systems, and an institutional ablation database were 
searched for procedure specifics, oncologic history, and compli-
cations. Ablation metrics were reported using established criteria 
(24). Additional information collected for each patient included 
the following: age; sex; diagnosis; standard cancer metrics for 
ablation studies, including LTP, OS, PFS, and TFI; tumor size 
and number; presence or absence of distant metastatic disease; 
procedural adjunctive maneuvers; postablation treatments; and 
pre- or postablation systemic therapies (25). All times were re-
ported from the date of the ablation procedure (24).

Complications
All adverse events within 30 days of the procedure were included 
and graded according to the Society of Interventional Radiology 
guidelines for adverse event classification by outcome (26).

Statistical Analysis
OS was defined as the time from treatment to death due to any 
cause. PFS was defined as the time from treatment to death, new 
or progressing metastatic disease, LTP, or latest imaging follow-up 
(25). TFI was defined as the time from the ablation to the initia-
tion of systemic therapy or death (21). Kaplan-Meier curves were 
plotted for OS and PFS to analyze survival for patients with RCC, 
patients with non-RCC, and the presence or absence of residual 
tumor. The log-rank test was used to compare event rates between 
groups. All analyses were performed using R software, version 4.02 
(Foundation for Statistical Computing), with the survival package 
for survival analysis. P < .05 was considered statistically significant.

Results

Patient Characteristics
The study sample comprised 29 tumors (27 metastases and 
two primary tumor recurrences in the retroperitoneum) 
treated over 22 procedures in 19 patients (median age, 65 
years [range = 46–78 years]; 13 [68.4%] men and six [31.6%] 

retroperitoneal tumors results in a low incidence of LTP 
with few severe complications. Oncologic outcomes such 
as overall survival (OS), PFS, and treatment-free interval 
(TFI) were also examined as secondary outcome measures.

Materials and Methods
This retrospective study was conducted under an institutional 
review board–approved protocol that allows for the retrospec-
tive review of diagnostic imaging and image-guided procedures. 
The institutional review board included a waiver of informed 
consent in accordance with 45 CR 46.116 (f )(3) to access an 
ablation database and de-identify patient information for this 
Health Insurance Portability and Accountability Act–compli-
ant, single-center, retrospective study. Electronic medical re-
cords and picture archiving and communication systems were 
used to extract relevant patient data. A separate report on the 
treatment of renal cell carcinoma (RCC) metastases included 
12 of the 29 tumors reported in this study (21).

Patient Selection
Patients with retroperitoneal tumors treated with MWA be-
tween 2011 and 2021 were identified from an institutional 
ablation database. All eligible patients were included. The 
final study sample consisted of 19 patients with 29 retroper-
itoneal tumors treated over 22 MWA procedures. Patients 
were selected for treatment by a multidisciplinary group 
of physicians in consensus (urology, radiology, oncology) 
based on tumor biology, location, and technical feasibility.

MWA Procedure
All procedures were performed in a dedicated interventional 
CT suite (Optima 580 16 W; GE HealthCare) under general 
anesthesia (18 of 22 [81.8%] procedures) or conscious seda-

Abbreviations
LTP = local tumor progression, MWA = microwave ablation, OS = 
overall survival, PFS = progression-free survival, RCC = renal cell 
carcinoma, RFA = radiofrequency ablation, TFI = treatment-free 
interval

Summary
Microwave ablation for oligometastatic disease in the retroperito-
neum provided effective local control, prolonged systemic therapy−
free intervals after treatment, and few serious complications when 
combined with hydrodissection.

Key Points
 ■ The local tumor progression rate in patients with retroperitoneal 

tumors treated with microwave ablation was 3.4% (one of 29) per 
tumor and 5.3% (one of 19) per patient.

 ■ Hydrodissection was successful in displacing nontarget anatomy in 
16 of 17 (94.1%) total procedures.

 ■ The overall survival rate at 1, 2, and 3 years was 81.8%, 81.8%, 
and 72.7%, respectively, with a median overall survival estimated 
at greater than 7 years.

Keywords
Ablation Techniques (ie, Radiofrequency, Thermal, Chemical), Retro-
peritoneum, Microwave Ablation, Hydrodissection
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Mean ablation time was 5.1 minutes with a mean power of 
64.9 W (range = 35–95 W). Operating physicians used one 
to three probes per tumor (one probe, 19 of 29 [65.5%]; two 
probes, six of 29 [20.7%]; three probes, four of 29 [13.8%]). 
Hydrodissection (mean volume = 555 mL [range = 60–3000 
mL]) was used for 77.3% (17 of 22) of procedures, with suc-
cess in 94.1% (16 of 17) for achieving displacement from 
vulnerable structures. No cases were aborted due to an in-
ability to adequately displace the tumor from vulnerable 
nontarget anatomy (primarily bowel). No evidence of disease 
status was obtained in 15 of 22 (68.2%) procedures after the 
planned treatment course, (12 of 22 [54.5%] procedures af-
ter single-procedure MWA treatment and an additional three 
[13.6%] procedures after a planned second-stage treatment 
to nonretroperitoneal sites of disease).

Complications
The overall complication rate was 15.8% (three of 19). There 
were minor complications for two patients: two cases of uri-

women) (Table 1). The median follow-up was 18 months 
(range = 0.5–113 months). Patients had primary tumors in 
various locations, with the most common cell types being 
RCC (12 of 29 [41.4%]), liposarcoma (four of 29 [13.8%]), 
leiomyosarcoma (four of 29 [13.8%]), and hepatocellular 
carcinoma (three of 29 [10.3%]). Metastatic status was con-
firmed with biopsy in 65.5% (19 of 29) of treated tumors. 
Nine of 19 patients (47.4%) received neoadjuvant or adju-
vant systemic therapy (Table 2). The mean tumor diameter 
was 2.6 cm (range = 0.5–4.5 cm). The number of tumors ab-
lated per procedure included one tumor (17 of 22 [77.3%]), 
two tumors (four of 22 [18.2%]), and four tumors (one of 
22 [4.5%]). The median time from initial cancer diagnosis to 
time of ablation was 100 months (range = 14–276 months).

Ablation Procedure, Technical Success, and Residual 
Tumor
Technical success was achieved in 100% (29 of 29) of treat-
ments, as confirmed with immediate CT follow-up imaging. 

Figure 1: CT scans in a 67-year-old male patient with metastatic pheochromocytoma to the retroperitoneum. (A, B) Preprocedural CT scans 
demonstrate metastatic lymph node (red arrows, 2.4 × 2.0 × 3.7 cm) immediately posterior to the inferior vena cava (IVC; white arrows). (C) Patient in 
the prone treatment position demonstrating nodal target (red arrow). (D) One of two microwave ablation antennas in place after hydrodissection fluid 
was placed in the retroperitoneum (Hydro; yellow arrow). Treatment was performed for 5 minutes at 65 W. (E) Immediate postprocedural scan with 
intravenous contrast material. Note shrinkage of node (red arrow) after microwave ablation due to tissue dehydration.
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patients had died at the end of follow-up. PFS rates at 1, 2, 
and 3 years were 53.3%, 20.0%, and 0%, respectively (Fig 
4). There was no evidence of a difference in OS (P = .34) or 
PFS (P = .56) rates for RCC (12 of 29 [41.4%]) compared 
with other types of malignant neoplasms (17 of 29 [58.6%]). 
There was also no evidence of a difference in OS (P = .11) or 
PFS (P = .25) rates for patients with no evidence of disease 
after MWA treatment (15 of 22 [68.2%]) versus those with 
residual tumor (seven of 22 [31.8%]) (Fig 5).

Treatment-free Interval
Nine of 19 (47.4%) patients received either neoadjuvant 
or adjuvant systemic therapy (Table 2). Six of 19 (31.6%) 
patients had systemic therapy before ablation, with four 
(66.7%) of these patients receiving repeat therapy after ab-
lation. Three of nine (33.3%) patients who received initial 
systemic therapy after ablation had systemic disease progres-
sion, not recurrence of retroperitoneal masses. The overall 
median TFI was 18 months (range = 0.5–108 months). The 
patient who had a 0.5-month TFI resumed systemic therapy 
after ablation due to preexisting distant disease in the liver, 
lungs, and skin. This patient did not have evidence of LTP 
during the follow-up period.

nary retention requiring Foley catheter placement (grade 1), 
with one patient additionally having a small stable pneu-
mothorax with no intervention required (grade 1). One ex-
pected major complication (grade 2) occurred due to the 
femoral nerve being immediately adjacent to the target tu-
mor, which could not be displaced by hydrodissection (Fig 
3). This complication resulted in chronic quadriceps weak-
ness requiring a knee brace for stabilization, with ambula-
tion and neuropathic pain well controlled with gabapentin. 
There were no cases of bowel injury, pancreatic injury, or 
bleeding, and no patients died within 30 days of the MWA 
procedure.

Local Tumor Progression
The LTP rate was 3.4% (one of 29; 95% CI: 0.1, 17.8) per 
tumor and 5.3% (one of 19; 95% CI: 0.1, 26.0) per patient. 
The single local recurrence was not retreated due to concur-
rent evidence of multifocal metastatic disease.

OS and PFS
OS rates at 1, 2, and 3 years were 81.8%, 81.8%, and 72.7%, 
respectively. The median OS was greater than 7 years, but 
the precise value was inestimable because fewer than half the 

Figure 2: Images in a 73-year-old female patient with a 4.5-cm metastatic adrenal oncocytic neoplasm to the retroperitoneum. (A, B) Pretreatment contrast-enhanced 
MR images in the (A) axial and (B) coronal planes. Note the proximity of the colon to the tumor, putting the patient at risk for colonic injury with thermal ablation without 
displacement. (C) Intraprocedural CT image in patient in prone treatment position before antenna placement. The colon has been partially displaced from the tumor by 
the injection of hydrodissection fluid (0.9% saline mixed with 2% iohexol) under US guidance. (D) Intraprocedural CT image obtained after placement of three microwave 
ablation antennas and injection of more hydrodissection fluid. Note the further displacement of the colon away from the tumor, increasing the safety of thermal ablation. (E, 
F) Nine-month posttreatment contrast-enhanced MR images in the (E) axial and (F) coronal planes demonstrate no residual tumor enhancement or tumor shrinkage and no 
evidence of colonic injury. Col = colon, H = hydrodissection, T = metastatic adrenal oncocytic neoplasm.

http://radiology-ic.rsna.org


Radiology: Imaging Cancer Volume 6: Number 2—2024 ■ radiology-ic.rsna.org 5

Rossebo et al

drodissection) nor the gastrointestinal complications ob-
served with radiation to the retroperitoneum (10–12,27). 
Patients did not die of progressive retroperitoneal disease 
and experienced a long systemic therapy−free interval af-
ter MWA, primarily due to high rates of local control. The 
single grade 2 complication in this study, an injury to the 
femoral nerve, was discussed with the patient before the 
procedure and anticipated due to the proximity of the nerve 
to the target tumor. MWA was chosen over cryoablation 
due to the known high local control rates for MWA in other 
tumor types, as well as a postcryoablation nerve injury in 
an almost identical patient at the study center 12 months 
prior (13,14). Neural monitoring was used but remained 
normal until only approximately 5 seconds before the end 
of the procedure.

The rationale for using MWA to treat retroperitoneal tu-
mors was to leverage the rapid heating and high tissue tem-
peratures to overcome the heat sink effect of the aorta and 
inferior vena cava, which are inevitably near the target tu-
mor (28,29). When compared with prior studies on RFA and 
cryoablation, the high local control rates in this study ap-
peared to confirm the advantage of MWA to overcome vascu-
lar mediated cooling (13,14,28). For example, Gao et al (18) 
reported a post-RFA local control rate in the retroperitoneum 
of only 41.7% at 10 months. The largest cryoablation study 
of retroperitoneal tumors reported a 16% LTP rate—with al-
most all recurrences adjacent to the aorta or inferior vena cava 
(30). The single prior MWA study for retroperitoneal tumors 
was performed without hydrodissection and demonstrated 
a 23.1% local recurrence rate, substantially higher than the 
current study (20). In addition to protecting surrounding 
structures from collateral damage, hydrodissection enables a 
more aggressive ablation, which likely contributed to the high 
control rates in this study.

Discussion
This study demonstrates that percutaneous MWA of retro-
peritoneal tumors can be performed in a single procedure 
with minimal morbidity and high rates of local control, 
particularly when paired with hydrodissection. Importantly, 
patients did not experience the serious adverse events pre-
viously reported with retroperitoneal MWA (without hy-

Table 1: Characteristics of Study Patients

Characteristics per Patient (n = 19) Number

Age at ablation, median (range) (y) 65 (46–77)
Sex
 Male 13 (68.4)
 Female 6 (31.6)
ECOG status before ablation (n = 29)
 0 16 (55.2)
 1 12 (41.4)
 2 1 (3.4)
Location of primary tumor
 Kidney 6 (31.6)
 Retroperitoneum 3 (15.8)
 Liver 2 (10.5)
 Adrenal gland 2 (10.5)
 Abdomen 1 (5.3)
 Chest wall 1 (5.3)
 Pleura 1 (5.3)
 Inferior vena cava 1 (5.3)
 Behind vena cava 1 (5.3)
 Unknown 1 (5.3)

Note.—Unless otherwise indicated, data are numbers of patients 
with percentages in parentheses. ECOG = Eastern Cooperative 
Oncology Group.

Table 2: Characteristics of Patients Who Received Systemic Therapy before and after MWA

Patient 
No. Procedure Order Tumor Type

Treatment for Systemic or 
RP Recurrence

Systemic Therapy before 
and after MWA Treatment-free Interval (mo)

1 … Leiomyosarcoma Systemic Yes/Yes 0.5
2 … Leiomyosarcoma Systemic Yes/Yes 36
3 First RCC Systemic No/Yes 108
3 Second RCC Systemic No/Yes 39
4 … HCC Systemic No/Yes 4
5 First Pheochromocytoma Systemic No/Yes 46
5 Second Pheochromocytoma Systemic No/Yes 18
6 … Unknown Systemic Yes/Yes 6
7 … RCC Systemic Yes/Yes 13
8 … Myxoid sarcoma Only had systemic therapy 

before MWA 
Yes/No NA

9 … Liposarcoma Only had systemic therapy 
before MWA 

Yes/No NA

Note.—The median treatment-free interval for patients who received systemic therapy was 18 months. HCC = hepatocellular carcinoma, 
MWA = microwave ablation, RCC = renal cell carcinoma, RP = retroperitoneal.
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In contrast to thermal ablation, radiation therapy does 
not suffer from a vulnerability to heat sinks. However, radi-
ation lacks the precision of ablation, resulting in nontarget 
structures such as intestine being included in the treatment 
field. For example, one study reported a high local control 
rate (95%) but two acute grade 3 and one grade 4 toxicity 
in 69 patients (27). A different study reported a relatively 
low LTP rate of 10.5%, but 21% of patients experienced 
acute enteritis persisting for over 3 months, 10.5% had 
late toxicity and enteritis, and one patient had a grade 3 
complication (subocclusive bowel obstruction) (8). A few 
reports of bowel displacement before radiation therapy to 
the retroperitoneum have been published, but this is not 
yet standard and suffers from both complexity and conver-
sion of a noninvasive technique into a minimally invasive 
one (30,31). Oncologic comparisons between ablative mo-
dalities and radiation remain difficult due to differences in 
tumor types and patient populations and will require larger 
studies with similar tumor types.

The retroperitoneum and retroperitoneal nodes are an 
important first metastatic station for many tumor types 
(9,32). Locally treating oligometastatic disease, including 
in the retroperitoneum, is increasingly accepted within the 
oncology community (33). While not the primary outcome 
of this study, the oncologic outcomes (particularly the OS 
of greater than 7 years) appear promising. In addition to 
tumor control and survival, TFI is an important metric for 
quality-of-life considerations (34,35). The overall median 
TFI for this study was 18 months, which is roughly com-
parable to values previously reported in the RCC literature, 
despite the high proportion of patients without RCC (13 of 
19) (21,35,36). Patients with RCC were of specific interest 

to this study because the retroperitoneum is a common 
metastatic site, and there is increasing acceptance of local 
treatments for selected RCC metastases (21,34,35). The 
current study includes only one patient with RCC who re-
ceived post-MWA systemic therapy, so it was not possible to 
compare the TFI between patients with and without RCC. 
Importantly, in all patients treated with systemic therapy 
after MWA, treatment was for tumors outside the retroperi-
toneum, not due to failure of local control.

The translation of high local control rates into overall 
better disease-specific survival is difficult to elucidate from a 
single-center retrospective study of this size; however, there is 

Figure 3: Axial T2-weighted MR image in a 46-year-old male pa-
tient with a post–microwave ablation femoral nerve injury. The femoral 
nerve on the treated side could not be separated from the tumor (red 
arrow). The location of the femoral nerve on the contralateral side (yellow 
arrow) is noted for comparison.

Figure 4: Graphs of Kaplan-Meier curves for overall survival and progression-free survival for all study patients, patients with renal cell 
carcinoma (RCC), and patients without RCC. Treatment day = day 0. P values are based on the log-rank test; non-RCC appears to have 
lower overall and progression-free survival rates early on, but the differences with RCC are not significant.
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indirect evidence of a benefit of complete pathologic response. 
Patients with hepatocellular carcinoma bridged to transplant 
by local-regional therapies present a unique opportunity to 
examine the importance of complete pathologic response due 
to the availability of organs treated by local-regional thera-
pies (37). Individuals with a complete pathologic response 
have better overall cancer outcomes, including higher disease-
specific survival rates; however, the ability of local-regional 
therapy to create a complete pathologic response varies sub-
stantially between modalities, highlighting the importance of 
treatment approach and technology (37,38). For metastatic 
RCC, the most common single tumor type included in this 
study, the importance of complete tumor removal has been 
demonstrated in surgical series (34,36).

This study had several limitations. The MWA device 
in this study was an in-phase multiantenna system, which 
may produce ablation zones different from single-antenna 
MWA systems (13,14,28). The single-center, retrospective 
design with no comparison arm makes it difficult to com-
pare MWA to other treatment modalities (Table 3). Because 
of the heterogeneity in treated tumor types, oncologic out-
comes are interesting but not definitive. While no evidence 
of statistical differences between OS and PFS were found 
between patients with and without RCC, these results need 
to be viewed with caution due to the small sample size in 
each cohort. Oligometastatic disease to the retroperitoneum 
treatable by local means is uncommon, so while the num-
ber of patients in this study was low, it is in line with other 
reports (Table 3).

In summary, our study suggests that MWA for oligo-
metastatic disease provides effective local control, prolonged 
systemic therapy−free intervals after treatment, and few se-
rious complications when combined with hydrodissection. 
The posttreatment OS appears promising but is limited by 
the small sample size and variety of primary tumors. Further 
studies with larger treatment groups are warranted to deter-
mine if there is an improvement in oncologic end points, 
such as OS and PFS.
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