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ABSTRACT

Purpose: Ablative treatments (cryoablation or radio frequency ablation) for renal cell carci-
noma aim to decrease morbidity by treating renal tumors in situ, eliminating the need for
extirpation. These technologies have potential for complications previously unassociated with
renal tumor treatment. We identified complications associated with percutaneous and laparo-
scopic ablative treatment of renal tumors.

Materials and Methods: Groups at medical centers with reported experience with ablation of
renal tumors were invited to participate in this study. Each group submitted retrospective data
regarding overall ablative treatment experience and associated complications. For each incident
the nature of the complication, its associated morbidity, the necessity and nature of any subse-
quent interventions, and the final patient outcome were evaluated. Complications were divided
into minor and major categories. Data were collected from groups at 4 institutions with a
combined experience of 271 cases. Of these cases 139 were cryoablation and 133 were radio
frequency ablation. There were 181 procedures performed percutaneously and 90 performed
laparoscopically.

Results: A total of 30 complications occurred (11.1%) with 5 major (1.8%) and 25 minor (9.2%)
complications, and 1 death (0.4%). Overall 26 of the 30 complications (86.7%) were directly
attributable to the ablation procedure. The most common complication was pain or paraesthesia
at the probe insertion site.

Conclusions: Ablation technologies appear to have a low complication profile when used to
treat small renal tumors. The majority of complications are minor and require observation only.
Further study and followup are necessary to determine long-term oncological efficacy.
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Technological advances are changing the way renal tumors
are being diagnosed and treated. Many tumors are discov-
ered incidentally due to the increasing use of diagnostic im-
aging. At the same time advances in laparoscopy and mini-
mally invasive surgery are changing the way renal tumors
are treated with decreased morbidity and more rapid recov-
ery, while striving to maintain oncological efficacy. Currently
ablative treatments for renal cell carcinoma are being inves-
tigated, namely cryoablation (CA)-3 and radio frequency
ablation (RFA),%+-10 which aim further to decrease morbidity
by treating these tumors in situ and eliminating the need for
extirpation. These novel technologies give rise to the poten-
tial for complications previously unassociated with renal tu-
mor treatment. Although several groups have reported com-
plications attributable to these technologies, their individual
experiences are limited, so that the scope of complications
associated with renal tumor ablation is unknown. We iden-
tified in a multi-institutional review complications that
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are associated with percutaneous and laparoscopic abla-
tive treatment for renal tumors.

MATERIALS AND METHODS

Groups at medical centers throughout the United States
with reported experience in CA and/or RFA for renal cell
carcinoma were identified and invited to participate in this
study. Groups at each participating center performed abla-
tion according to their protocols and entry criteria. Tumors
greater than 5 cm in greatest diameter were rarely treated
and not included in this database. Cases involving percuta-
neous or laparoscopic access to the target tumor were evalu-
ated. Protocols admittedly had evolved with increasing expe-
rience with ablative therapy at each center. Other than
distinguishing CA or RFA and a laparoscopic or percutane-
ous approach no other individual variables were evaluated.
Groups at each center submitted retrospective data regard-
ing their overall ablative treatment experience and the num-
ber of associated complications. For each complication infor-
mation was gathered regarding the nature of the
complication, its associated morbidity, the necessity and na-
ture of any subsequent interventions, and the final patient
outcome. In addition, information was gathered regarding
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the case number in the overall ablative therapy experience at
the given medical center. Case experience was divided into 3
groups representing the initial, intermediate and latest
thirds.

Complications were divided into minor and major catego-
ries. Minor complications were defined as those that required
no procedural intervention or blood transfusion. Major com-
plications were defined as those that required hospital read-
mission, further procedural intervention or transfusion. It
was also determined whether the complication was directly
attributable to the procedure. Long-term oncological efficacy
of the ablative treatment was not evaluated. Therefore, in-
adequate treatment or the need for re-treatment was not
included as a complication.

Data were collected from 4 contributing institutions,
namely The Johns Hopkins School of Medicine, University of
Mississippi Medical Center, University of Texas Southwest-
ern Medical Center and University of Wisconsin and Veter-
ans Administration Medical Centers. Percutaneous CA, lapa-
roscopic RFA, and percutaneous RFA techniques and
equipment have been previously described.2-4-¢ Laparoscopic
CA equipment and the technique were used as described by
Gill et al.3 Collected experience with ablative treatment for
renal tumors at these institutions totaled 271 cases. Of these
cases 139 were CA and 132 were RFA. Of these procedures
181 were performed percutaneously, while the remaining 90
were performed laparoscopically. Groups at 2 participating
institutions performed percutaneous and laparoscopic abla-
tion, while at 1 institution a group performed only percuta-
neous ablation and another performed only laparoscopic ab-
lation.

RESULTS

Mean experience at each individual institution was 68
cases (range 21 to 92). A total of 30 complications occurred
(11.1%) with 5 major (1.8% or 2 in the CA and 3 in the RFA
group) and 25 minor (9.2% or 17 in the CA and 8 in the
RFA group) complications, and 1 death (0.4%) in the RFA
group (see table). A total of 20 complications (14.4%) occurred
after CA (4 after laparoscopic and 16 after percutaneous
ablation) and 10 (7.6%) occurred after RFA (6 after percuta-
neous and 4 after laparoscopic ablation). The reported death
occurred 3 days after percutaneous RFA.

The complication rate decreased with experience with 16
(53.3%), 5 (16.6%) and 9 (30.0%) of the 30 complications
occurring in the initial, intermediate and latest third of the
collected experience, respectively. All 5 major complications
occurred in the initial third of patients in each center expe-
rience. The death occurred in the final third of patients. The
most common complication was pain or paraesthesia at the
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percutaneous probe insertion site (see table). This accounted
for 46.6% of all complications (14 of 30) and occurred in 5.2%
of all cases (14 of 271).

Of the 30 complications 25 (83.3%) were directly attribut-
able to the ablation procedure. Two of the remaining 5 pa-
tients had post-procedure pneumonia. A third patient had
respiratory difficulty after the procedure with a negative
pulmonary angiogram and no clear cause of the problem. The
other 2 patients were diagnosed with a urinary tract infec-
tion after ablative treatment.

The 5 major complications included 1 case of open conver-
sion due to inability to access the tumor laparoscopically, 1 of
ileus after laparoscopic RFA that required hospital readmis-
sion, 1 episode of hemorrhage after percutaneous CA that
required reoperation for control, self-limited and subclinical
urine leakage through the ablated needle tract seen only on
retrograde pyelogram and 1 case of ureteropelvic junction
(UPJ) obstruction caused by scarring secondary to RFA tis-
sue damage. Of these patients the first 4 recovered fully. UPJ
obstruction led to loss of renal function and eventual ne-
phrectomy.

The single death was attributed to post-procedure aspira-
tion pneumonia in a patient with poor overall health, includ-
ing a history of chronic obstructive pulmonary disease, con-
gestive heart failure and pulmonary histoplasmosis. This
death was not considered directly attributable to the ablation
technique, but rather to a surgical procedure in a debilitated
individual. In the subgroup of 90 laparoscopic procedures 8
complications occurred (8.9%), of which 3 were attributable
to laparoscopic technique (3.3%), 4 were to the ablation pro-
cedure (4.4%) and 1 was iatrogenic (pneumonia) (see figure).

DISCUSSION

Partial nephrectomy is a proven treatment option for small
renal tumors (less than 4 ¢cm).11-13 Evolving techniques seek
to accomplish nephron sparing ablation with the goal of de-
creasing the procedure related morbidity associated with
partial nephrectomy. Renal CA'-3 and RFA5-10 are 2 such
techniques that are currently being performed in clinical
practice. CA and RFA have been used laparoscopically?! 3.5
and via image guided®4-1° techniques. Because they are
novel, some complications associated with these technologies
may be unique. However, procedure associated morbidity
may also be anticipated because these ablative technologies
draw from widely practiced percutaneous and laparoscopic
renal procedures.

Parrish reported the complications associated with 1,812
percutaneous renal biopsies performed between 1953 and
1990.14 In this series the most common complication was
pain more than 12 hours in duration, which occurred in 4% of

Minor and major complications of CA and RFA with outcome

No. Attributed to

Complication Total No. No. CA No. RFA T . Outcome
'echnique
Minor:
Probe site pain or paraesthesia 14 10 4 14 Full recovery in 11 pts, persistent pain in 3
Postop urinary tract infection 2 2 0 Full recovery
Postop pneumonia infection 2 1 1 0 Full recovery
Minor hemorrhage 1 1 1 Full recovery
Elevated serum creatinine 2 1 1 2 Stable elevated serum creatinine
Wound infection 1 1 1 Full recovery
Respiratory difficulty 1 1 0 Full recovery
Pain during procedure 1 1 1 Procedure terminated
Liver burn during procedure 1 1 1 Full recovery
Major:
Significant hemorrhage 1 1 1 Transfusion
Ileus 1 1 1 Hospital readmission with full recovery
Scarring with UPJ obstruction 1 1 1 Nephrectomy
Open conversion 1 1 1 Full recovery
Urine leakage 1 1 1 Full recovery with conservative treatment
Totals 30 19 11 25
No. deaths 1 1 0 Death due to aspiration pneumonia
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Antegrade (A) and retrograde (B) pyelograms of patient with UPJ
obstruction after RFA of right renal tumor near renal hilum.

patients. Palpable hematoma was detected in 1% of patients.
Prakash et al described their experience with 305 biopsies
with hematuria being the most common complication, occur-
ring in 11.8% of patients.’® Hematoma was detected in 1.6%
of patients and hypotension due to blood loss occurred in 3
(1.0%).

In the current study comparable pain or paraesthesia at
the probe site was the most common complication, occurring
in 14 of 272 patients (5.1%). With CA since the entire probe
is cooled, care must be taken to avoid cryo-injury to sensory
nerves at the body surface. With RFA the active portion of
the probe is positioned completely within the kidney but the
probe may absorb and conduct heat from the treatment site
to surrounding tissues. In addition, a final step in tempera-
ture based RFA is track ablation with the intent of decreas-
ing bleeding and needle track seeding. This step may also
damage the sensory nerves at the skin and lead to probe site
pain. As such, the track ablation mode should only be acti-
vated long enough to remove the probe from the kidney and
the surrounding Gerota’s fascia, thereby, sparing overlying
tissues.

We did not include minor hematomas, defined as those
that did not cause pain or require any transfusion, interven-
tion or further imaging, as complications in our analysis. The
detection of hematoma is particularly sensitive in percutane-
ous procedures due to image guidance. Generally they are
small and asymptomatic, and likely would have gone unde-
tected without retroperitoneal imaging. Hemorrhage was
grouped separately with 1 minor hemorrhage reported dur-
ing laparoscopic CA, although no transfusion was required.
This complication is generally minimized by inserting a he-
mostatic agent (eg fibrin glue) within the ablation tract at
surgery. One episode of significant hemorrhage was reported,
leading to transfusion after its discovery during percutane-
ous cryoablation. These incidents are most comparable to
those in reports of palpable hematoma or symptomatic hypo-
tension after percutaneous biopsy, and are similar at 0.7% (2
of 271).

The complication rate for laparoscopic urological proce-
dures is also well defined. In a study of 2,407 urological
laparoscopic procedures Fahlenkamp et al found an overall
complication rate of 4.4%.16 In addition, they found a compli-
cation rate of 8.2% and 3.5% for nephrectomy/heminephrec-
tomy and renal cyst resection, respectively. These 2 proce-
dures most closely correlate with the laparoscopic renal
ablation technique. In another study Cadeddu et al reported
a laparoscopic urological surgery complication rate of
11.9%.17 In their series the rate of complications attributable
to laparoscopic technique was 7%.
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In our series the complication rate in the laparoscopic
subgroup was similar to those of Fahlenkamp!® and
Cadeddu'? et al with an 8.9% overall complication rate and a
3.3% rate of complications attributable to laparoscopic tech-
nique. Minor complications attributable to ablation consisted
primarily of pain at the probe site. Regarding major compli-
cations attributable to the ablation process, 1 patient who
underwent laparoscopic RFA had subclinical urine leakage
through the ablated needle tract, which was seen only on
retrograde pyelogram. This leakage was self-limited and re-
solved after a period of observation. Therefore, we recom-
mend ultrasonographic monitoring when possible to avoid
direct caliceal puncture during CA or RFA. Another patient,
previously described in a case report, had UPJ obstruction
after laparoscopic RFA for a 2.3 cm tumor near the hilum and
renal pelvis (see figure).18 Briefly, at treatment visual inspec-
tion did not reveal any signs of direct damage to the renal
pelvis or ureter. Two weeks after treatment computerized
tomography (CT) showed mild right hydronephrosis and
mildly delayed contrast excretion. The intent was to treat the
patient conservatively with close observation but the patient
was briefly lost to followup. At 6 months followup CT re-
vealed persistent hydronephrosis and delayed contrast excre-
tion. Antegrade and retrograde imaging showed complete
obstruction and functional evaluation using nuclear renogra-
phy demonstrated only 8% ipsilateral renal function. Ne-
phrectomy was performed 11 months after initial ablative
treatment. We have since altered our RFA protocol to exclude
tumors that abut the renal pelvis.

The single death in this series occurred later in the abla-
tive experience and it was not directly attributable to the
ablation technique. At most centers tumor ablation is offered
as a treatment option in patients with renal tumors who are
not candidates for open surgery. Although this approach is
rational, it may result in procedure related mortality in pa-
tients who undergo renal ablation.

Overall the complications that we identified are similar to
those reported in smaller, single institution series. In their
series of image guided percutaneous RFA in 32 patients
Mayo-Smith et al reported 2 minor perinephric hematomas, 1
instance of presumed caliceal stricture induced by RFA and,
most worrisome, 1 instance of skin metastasis at the needle
puncture site.1® They also reported several instances of pain
or paresthesia, which resolved spontaneously several weeks
after the procedure. Farrell et al reported 4 minor complica-
tions in their series of 20 patients with a total of 35 tumors,
including 3 with ipsilateral pain or paresthesia, which per-
sisted in 1 with time. The fourth reported complication was
an asymptomatic 4 cm fluid collection noted on 10-month
followup CT, which they managed by observation. In their
series of 20 patients who underwent cryoablation for small
renal tumors Lee et al reported 1 complication, namely a
pancreatic injury that required surgical reexploration.!
Nadler et al reported 2 complications in their series of 15
patients treated with cryoablation.2® One patient experi-
enced respiratory difficulty and required re-intubation for 24
hours, while another had ileus.

Finally, there appears to be a slight learning curve associ-
ated with renal tumor ablation with more than half of the
complications in this study occurring in the first third of
procedures performed. This is consistent with the develop-
ment of a new technique (eg renal ablation). Therefore, we
anticipate that some of these complications should be avoid-
able in the future as CA and RFA techniques are refined and
improved.

CONCLUSIONS

Percutaneous and laparoscopic renal ablation has a low
complication profile when used to treat small renal tumors.
The complication rate is similar to that of other laparoscopic
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and percutaneous procedures. Complications stem from the
approach (percutaneous or laparoscopic) as well as from ab-
lation alone. Experience with laparoscopy and percutaneous
procedures is important for preventing and managing these
complications. Fortunately the majority of complications are
minor and require nothing more than observation. With ex-
perience the complication rate decreases, although technique
refinement may decrease the learning curve at subsequent
centers initiating an ablation program. Further study and
followup are necessary to determine the long-term oncologi-
cal efficacy of CA and RFA for these tumors.
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