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ABSTRACT
Nonoperative management of renal cell carcinoma was ﬁrst described approximately 20 years ago [1-5]. There are multiple
modalities to nonoperatively treat renal cell carcinoma, including radiofrequency ablation, (RFA), cryogenic ablation, and microwave
ablation. Multiple studies have demonstrated decreased morbidity with nonoperative treatment [6-7]. We report a complication from a
C02 microwave ablation that, to our knowledge, has never been described in the English literature. Management of the complication is
discussed. The patient had a complete recovery without any deﬁcits.

PATIENT PRESENTATION
The patient is a 71 year old man with a history of a gastrointestinal
stromal tumor (GIST) with s/ p tumor resection approximately three
years prior to his presentation. A routine surveillance CT scan for
his GIST tumor demonstrated a solid 1.8 cm exophytic left renal
mass (Figure 1). After consultation with an urologist, the patient was
scheduled for microwave ablation of the renal mass.
His past medical history includes chronic kidney disease,
diabetic nephropathy, chronic renal failure, coronary artery disease,
myocardial infarction with percutaneous coronary intervention and
placement of bare-metal stents(March 2014), coronary artery bypass
surgery x2, aortic stenosis with status post aortic valve replacement
(May 2014), transient ischemic attack, chronic obstructive pulmonary
disease, history of anemia, depression, post-traumatic stress disorder,
and the above-mentioned GIST tumor.

Figure 2: A 17-gauge PR probe was placed via left posterolateral approach
with its tip in the renal tumor.

He was admitted for microwave ablation under general anesthesia.
A 17- gauge, 20 cm Neuwave PR probe (NeuWave Medical,
Madison, WI) was used for the procedure. After the probe was
placed with its tip in the tumor via left posterolateral approach under
ultrasound guidance (Figure 2), a CT scan to check position of the
probe with tissue-lock revealed a large amount of air in the left flank
subcutaneous tissues as well as left perinephric free air (Figure 3). The
microwave ablation probe was immediately taken out of the patient.
Using Seldinger technique with an 18-gauge needle, an 8 French
pigtail drainage catheter was placed into the left flank subcutaneous
tissues over an Amplatz guidewire (Figure 4) and the CO2 was
aspirated. Subsequently, an 18-gauge needle was advanced into the
left perinephric space under CT guidance and a small to moderate
volume of the CO2 was aspirated. The ensuing CT scan demonstrated
interval decrease in amount of CO2 in the left flank subcutaneous and
left perinephric space. The subcutaneous pigtail drainage catheter was
removed while the patient was still on the CT table.

Figure 3: Leakage of gas into the left retroperitoneal and subcutaneous
spaces (cursor) during ablation with a 17-gauge PR probe (arrow). Note that
the tip of the probe (arrow) is moved out of the lesion due to the gaseous
expansion of the probe tract.

The microwave ablation probe was inspected and a break in the
probe was noted (Figure 5). The probe was saved and sent to the
manufacturer after reporting to the patient safety department at VA.

Figure 1: Axial CT scan of abdomen in a prone position shows an exophytic
solid lesion (arrow; 1.7 cm in diameter, 46 Hounsﬁeld units) arising from the
left kidney.
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A new ablation probe was then used for the procedure. A 13-gauge
needle was used to gain access into the left renal lesion. Through this
introducer, 20 cm microwave ablation PR probe was advanced into
the lesion. The left renal lesion was ablated for 7 minutes at 65 W;
CT imaging during the ablation demonstrated ablation probe in
good position (Figure 6). Post ablation CT demonstrated air density
within the left renal lesion consistent with successful ablation (Figure
7). Additionally, there has been marked interval decrease in left flank
subcutaneous and left perinephric air.

International Journal of Case Reports & Short Reviews
Upon his recovery from the general anesthesia, the patient had
no symptoms such as pain, discomfort or difficulty breathing. The
elevation in care, and defect in the probe were completely disclosed
to the patient.
His vital signs remained stable during the procedure and after

Figure 6: After evacuation of gas, a 17-gauge microwave ablation probe
placed in the left renal tumor (arrow).

Figure 4: Placement of an 8-Fr. pigtail catheter (arrow) into the left
subcutaneous space for evacuation of gas.

Figure 7: After ablation of the tumor, CT scan of the abdomen shows
shrinkage of the tumor with typical post-ablation intra- and peri-tumoral
gaseous density (arrow). Note the signiﬁcant interval resolution of the
subcutaneous and retroperitoneal gas.

the procedure. The patient was admitted to a regular floor as planned
before the procedure.
Post-procedure, the patient developed a moderate perinephric
hemorrhage and was transfused one unit of packed red blood cells.

DISCUSSION
As cross sectional imaging has become more widely used, renal
cell carcinoma has been detected at smaller and smaller sizes, often
incidentally. Although partial nephrectomy is the standard of care,
many patients are deemed by urologists not to be operative candidates
either due to advanced age, comorbidities rendering surgery
potentially risky, or impairment of renal function. Our patient, who
was found to have a stage T1a N0 M0 1.8 cm renal cell carcinoma, had
a significant cardiac history as well as chronic kidney disease due to
diabetic nephropathy. In patients such as this, percutaneous thermal
ablation has been shown to be a generally safe and effective treatment
alternative.

Figure 5A: Partially-fractured probe (arrow).

Most experience with percutaneous thermal ablation of renal cell
carcinoma comes from radiofrequency ablation and cryoablation
[1-3,7]. Microwave ablation has more recently been utilized in the
treatment of renal cell carcinoma [8]. While long term efficacy data
are not available at this time, early results suggest that microwave
ablation is also a safe and effective modality [9,10].

Figure 5B: Close-up of the fractured portion of the probe (arrow).
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Major complications due to microwave ablation of renal tumors
are rare. Dong et al. evaluated 119 patients following microwave
ablation of renal tumors and found that microscopic hematuria was
the most common complication, with other complications related
mostly to injury of adjacent structures [8].
We have presented a case of extensive subcutaneous carbon
dioxide deposition as a result of a microwave ablation probe broken
during the procedure. To our knowledge, this has not been previously
described. The device used, the NeuWave Certus, is the only widelyused gas-cooled microwave ablation system, using pressurized carbon
dioxide to freeze tissues through the Joule-Thompson effect. The air
core technology allows for rapid cooling of the antenna to a) prevent
heating of the feed cable or peripheral tissues and b) lock the antenna
to the tumor, minimizing the chance of migration [11].

The most feared complication would be the embolization of gas
to the pulmonary arteries, or cerebral arteries in patients with a rightto-left cardiac shunt. Sandomirsky, et al. [13] described a fatal case
of argon gas emboli during prostate cancer cryotherapy due to gas
leakage from a defective probe. A literature search at the time of this
manuscript revealed no fatal cases of gas emboli related to microwave
ablation.
Others have noted the inadvertent gas deposition during
microwave ablation without probe disruption. Nakayama et al.
demonstrated gas bubbles in the right atrium and right ventricle
with transesophageal echocardiogram in patients undergoing either
radiofrequency or microwave ablation of hepatocellular carcinoma,
likely due to intravascular extension of gas originating from the
ablation zone [14].

Cryotherapy probes similarly utilize the Joule-Thompson effect
to freeze tissues, using argon gas instead of carbon dioxide. The
manufacturer, Galil Medical, which produces cryotherapy probes,
recommends that if a cryoablation needle inadvertently strikes bone,
it should not be used and should be removed from the patient [11].

Given our experience described here, we would recommend
utilizing a larger caliber microwave ablation probe, for example the
15-gauge Neuwave PR-XT, in obese patients. Such probes would give
the operator greater control and decrease the risk of intraprocedural
probe disruption.

Before the microwave antennae are introduced into patients,
they are tested for physical defects which would allow gas to escape.
This is done by submerging the active tip of the probe into saline,
initiating a test freeze, and watching the water for bubbles. If bubbles
are seen, the probe would be considered defective and be returned to
the manufacturer. In our case, no bubbles were identified during the
test freeze.

CONCLUSIONS

The smallest caliber microwave probe in clinical use is 17 gauge.
Although lower profile probes have the benefit of increased patient
comfort, they sacrifice rigidity and are therefore more prone to
deflection by soft tissues. As a result, they carry a higher risk of stress
fatigue and breakage. Our patient was morbidly obese and the initial
17-gauge Neuwave PR probe traversed 12 cm of soft tissue before
reaching the renal lesion. At such depths, the needle was difficult
to direct, subjecting it to increased physical stresses and eventual
disruption. After the problem with the initial probe was identified
and addressed, a 13-gauge metallic introducer was placed, which
facilitated the placement of a new 17-gauge microwave probe into
the lesion.
Carbon dioxide is an inert gas and, in and of itself, is harmless
within the body. It is of course a byproduct of normal metabolic
processes and is transported out of the body through the respiratory
tract. In the past it has been used intravascular to perform peripheral
angiographies. It is still commonly used to perform portal venograms
during the creation of Transjugular Intrahepatic Portosystemic
Shunts (TIPS) [12]. In surgery, is also used to insufflate the abdomen
during laparoscopic procedures.
Although it is likely that the subcutaneous carbon dioxide would
have been clinically insignificant, we elected to aspirate the gas through
a pigtail catheter. If extensive enough, the carbon dioxide could
theoretically cause some degree of subcutaneous fat necrosis. Also,
increased retroperitoneal pressure from perinephric carbon dioxide
could theoretically compress the kidney and impair renal perfusion
if severe enough and left untreated for long enough. Metabolic
disturbances could also occur, as the carbon dioxide is converted in
the blood to carbonic acid leading to respiratory acidosis, though this
would require enough carbon dioxide to overcome the body’s natural
buffers.
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We describe a case of inadvertent extensive carbon dioxide
deposition into the subcutaneous tissues during microwave ablation
of a renal tumor due to a disrupted microwave ablation probe. The gas
was aspirated without difficulty and the patient remained stable. Our
patient was morbidly obese, and the extensive soft tissues traversed
by the 17-gauge microwave antenna rendered it difficult to direct,
which subjected the probe to increased physical stress and eventual
disruption. We suggest using a larger caliber microwave ablation
probe in obese patients who may be at higher risk for probe fracture.
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