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Abstract

Introduction The increasing diagnosis of incidental small

renal masses has contributed to energy ablative techniques

being increasingly utilized as a primary surgical modality.

Despite promise associated with thermal ablation, com-

plications related to both cryoablation (CA) and radiofre-

quency ablations (RFA) do occur.

Methods Contemporary literature on renal ablative pro-

cedures (CA and RFA) was reviewed to highlight diag-

nosis, management, and prevention of complications

associated with these procedures.

Results While morbidity for renal thermal ablation is

typically less than extirpative renal surgery, a range of

complications of varying severity may exist. Such com-

plications can include sequelae from choice of access

site, procedural bleeding, visceral injury, or damage to the

collecting system or ipsilateral ureter.

Conclusions An understanding of complications second-

ary to renal ablation is essential for urologists and radiol-

ogists to facilitate prompt diagnosis, appropriate

management, and future prevention.
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Introduction

Widespread use of abdominal cross-sectional imaging has

contributed to a stage migration toward diagnosis of

incidental small renal masses (SRMs) [1]. Many of these

SRMs, present at an early stage, are generally slow growing

and are almost universally confined to the kidney at diag-

nosis [2]. Furthermore, the highest incidence of these lesions

were present in elderly patients with comorbid conditions.

It is now apparent that radical nephrectomy represents

significant overtreatment for many SRMs. Nephron-sparing

techniques confer equivalent oncologic and functional

outcomes to that of radical nephrectomy for patients with

renal tumors smaller than 4 cm. Nephron-sparing surgery

(NSS), however, is not without associated technical chal-

lenges, perioperative complications, and patient morbidity.

This is particularly true for minimally invasive approaches

which require an advanced laparoscopic skill set as well as

well as dexterity for time-sensitive intracorporeal suturing

without renal hypothermia [3].

Cryoablation (CA) and radiofrequency ablation (RFA)

represent the newest frontier for active treatment of SRMs.

Reported advantages of thermal ablation over surgical

extirpation includes minimal parenchymal loss, shorter

hospital duration, decreased patient morbidity, and an

improved convalescence. SRMs are particularly good tar-

gets for ablative technology as these lesions are typically

spherical, unifocal, and surrounded by homogenous renal

parenchyma and perirenal fat. Furthermore, the entire

surface of the kidney is fairly accessible via either lapa-

roscopic or percutaneous approaches with real-time moni-

toring of tissue destruction accomplished by intraoperative

thermometry, ultrasonography, computed tomography

(CT), or magnetic resonance imaging (MRI).

Despite promise associated with thermal ablation,

complications inevitably exist with this treatment modality.

A clear understanding of associated complications and

sequelae are essential for practicing urologists and radiol-

ogists. Here, we review the literature to highlight diagnosis,
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management, and prevention of complications associated

with ablative therapy.

Access-related complications

Either a laparoscopic or a percutaneous approach can be

employed for thermal ablation of renal tumors. The par-

ticular approach is at the discretion of the treating surgeon.

In general, however, tumors located anteriorly or medially

with close proximity to bowel or adjacent organs are typ-

ically managed laparoscopically, while tumors oriented

more posteriorly and laterally can be treated by percuta-

neous ablation.

Laparoscopy

The complication rate for laparoscopic urologic procedures

has been fairly well defined.

In 1999, Fahlenkamp et al. [4] highlighted an overall

complication rate of 4.4% when reviewing outcomes from

over 2,400 laparoscopic or retroperitoneoscopic procedures

performed at 4 German centers. Furthermore, when spe-

cifically considering surgery for renal pathology, the

authors noted an 8.2% complication rate for nephrectomy

and/or heminephrectomy cases, and a 3.5% rate for renal

cyst resection. Similar observations were made by Cadeddu

et al. [5] who observed an overall complication rate of

11.9% when reviewing data from 13 centers with surgeons

who had a minimum of 12 months of training in urologic

laparoscopy. When specifically considering laparoscopic

renal thermal ablation, the complication rate is comparable

to the above-mentioned series. In 2004, Johnson et al. [6]

reported on complications of CA and RFA in a multi-

institutional experience of 271 patients. In the subgroup of

90 laparoscopic procedures, 8 complications occurred

(8.9%), of which 3 were specifically attributable to the

laparoscopic technique (3.3%).

Complications attributable to the laparoscopic technique

can occur at any point of the procedure. Obtaining pneu-

moperitoneum by any method (Veress needle, optical tro-

car access, or Hasson) carries an inherent risk for bowel or

vascular injury. Bishoff et al. [7] reviewed the literature to

highlight a 0.13% incidence of laparoscopic bowel injury

of which 50% was caused by electrocautery and 32%

occurred during Veress needle or trocar insertion. Thermal

injuries to the bowel during ablative procedures are

uncommon unless extensive cauterization is used during

tumor localization or bowel is in close proximity to the

thermal probe during the ablation itself. Inadvertent non-

thermal (penetrating) injuries from laparoscopic instru-

mentation necessitates prompt intraoperative repair when

identified. Unfortunately, many small or large bowel

injuries are unrecognized at the time of initial surgery. As

such, surgeons must have a heightened sense of suspicion

for patients who fail to progress as expected following a

laparoscopic procedure. Cardinal signs and symptoms

indicative of bowel injury include persistent and/or

increased pain at the trocar site closest to the injured bowel,

nausea, diarrhea, anorexia, low-grade fever, persistent

bowel sounds, and a low or normal white blood cell count

[7]. Appropriate imaging is necessary and exploration and

repair of the injured segment of bowel is required in these

cases.

Access-related abdominal wall hematomas secondary to

epigastric vessel injuries or other superficial vasculature

have been reported. Furthermore, abdominal wall hernias

from both bladed and non-bladed trocars may occur and

rarely may result in significant sequelae, such as incar-

cerated or strangulated bowel. The likelihood of both of

these entities can be minimized by careful inspection of the

trocar sites at the conclusion of the operative case with

fascial re-approximation using closure devices as neces-

sary. Injuries to other visceral organs including the liver,

spleen, and pancreas are less likely to occur with laparo-

scopic CA and RFA because of limited dissection, mobi-

lization, and traction during these procedures. Similarly,

vascular complications at the level of the renal hilum are

rarely encountered during laparoscopic CA and RFA as

extensive hilar dissection is typically unnecessary.

Percutaneous

While percutaneous approaches typically avoid access-

related visceral injuries, a central complication of this

approach relates to pain and neuromuscular paresthesias

due to local trauma to the flank or paraspinal musculature.

Specifically, Johnson et al. [6] reported that pain or par-

esthesia at the percutaneous probe insertion site was the

most common complication in their series accounting for

46% of all complications and occurring in 5% of all

ablation cases. Similarly, when specifically considering

percutaneous RFA procedures, Bhayani et al. [8] reported

that 3 out of 48 patients (6%) had neuromuscular

complications.

Ablation of posterior tumors may result in direct trauma

or thermal injury to the psoas muscle, paraspinal muscu-

lature, diaphragm, retroperitoneal fascia, or any of several

different nerves coursing through the retroperitoneum

(subcostal, iliohypogastric, ilioinguinal, or genitofemoral).

The genitofemoral nerve originating from the upper portion

of the lumbar plexus and descends laterally along the psoas

muscle is particularly at risk for thermal injury. While

neuromuscular injuries can be a permanent complication,

most resolve transiently with conservative therapy over a

period of time [8].
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There is an increased appreciation of strategies to pre-

vent and minimize the likelihood of probe-related pain and

paresthesia. First, pain may be minimized by selecting a

probe that accurately matches the size of the tumor being

ablated. This in turn contributes to a higher likelihood that

the active portion of the probe is in the tumor itself while

minimizing the potential for collateral thermal injury due

to an unnecessarily large ablation zone [9]. Second, when

deployed within the tumor, the probe itself can be used as a

lever/fulcrum to elevate that specific portion of the kidney

off of the posterior structures [10]. Third, hydrodissection

with a fluid medium can be used to widen the space

between the target lesion and psoas muscle [11]. This same

strategy has been employed to displace anteriorly located

bowel structures and will be subsequently discussed in

greater detail. Finally, an additional strategy to optimize

pain control for RFA in particular involves reducing the

delivery power while lengthening the ablation duration. Of

note, Allaf et al. [12] have observed that image-guided

percutaneous cryoablation of small (B4 cm) renal lesions

appeared to require less analgesia than RF ablation. As

such, cryoablation may be recommended for patients who

are intolerant of pain and are unable to undergo general

anesthesia.

An additional complication that is related to the percu-

taneous approach is iatrogenic pneumothorax during abla-

tion of upper pole renal lesions. Contemporary series

suggest an incidence of 2–4% for both percutaneous RFA

and CA procedures [13, 14]. Unlike the laparoscopic

approach, where the diaphragm can be visualized and the

kidney can be appropriately mobilized, percutaneous

ablation carries a greater risk of lung injury from adjacent

probe placement or the thermal effect. CT fluoroscopy is

one modality whereby ‘‘real time’’ visualization of the

renal lesion and lung spaces can be performed to optimize

placement of percutaneous probes. Furthermore, the use

of general anesthesia allows for more precise control of

respiratory excursion thereby improving the accuracy

of probe placement. Post-procedure radiography is essential

for these cases to ensure that pneumothoraces are promptly

diagnosed and managed. Most mild pneumothorax cases

are asymptomatic and can be conservatively managed

with observation, serial imaging, and supplemental oxygen.

A moderate or severe pneumothorax, however, necessitates

thoracostomy drainage.

Hematoma/Hemorrhage

Hematoma is a common minor complication following

thermal ablation via either laparoscopic or percutaneous

approaches with a reported incidence of 6–8% in several

series [9, 13]. It is likely that the true incidence is higher as

many cases of subclinical hematomas occurring following

laparoscopic ablation cases may be undetected in the

absence of immediate retroperitoneal imaging [6]. The

hematoma may occur in the subcapsular, perinephric, or

paranephric spaces and may range from minimal to sig-

nificant volumes. Acute hematoma typically manifests as a

hyperdense fluid collection on CT images with decreasing

density over time as the blood becomes more organized. In

most cases, hematomas are small, self-limiting, and spon-

taneously absorbed. It is important, however, to recognize

that larger hematomas may result in compression of the

renal parenchyma with resultant renin-mediated hyperten-

sion from a Page kidney phenomenon.

Hemorrhage or significant bleeding requiring blood

transfusion has a reported incidence of 1–8% following

cryoablation or RFA [14–16]. In their multi-institutional

series of 271 cases, Johnson et al. [6] noted that only 1

patient (0.4%) required a blood transfusion following per-

cutaneous cryoablation. Similar rates were noted by both

Zagoria et al. and Gervais et al. [14, 17] who reported

transfusion requirements of 1 and 2%, respectively, fol-

lowing percutaneous RFA of renal lesions. Other groups,

however, have noted substantially higher transfusion rates.

Specifically, Finley et al. [15] recently noted that 7 out of

37 patients (19%) required a mean transfusion of 3 units of

packed red blood cells following percutaneous or laparo-

scopic cryoablation. These authors do note, however, that

all cases of hemorrhage occurred in cases where multiple

cryoprobes were necessary suggesting that larger lesion

size may in part contribute to these higher observed rates.

Bleeding following thermal ablation procedures can be

multifactorial. Earlier technology necessitated use of lar-

ger probes which were associated with greater difficult in

placement and higher rates of renal parenchymal fracture

with resultant bleeding. This appears to occur more

commonly with cryoablation and is attributed to subop-

timal probe entry (i.e. non-orthogonal) into the tumor or

renal parenchyma [3]. One advantage of RFA is the

ability to minimize tract bleeding by coagulating the

puncture tract during probe withdrawal. In this regard,

significant bleeding appears to be less common following

RFA. Beyond probe damage itself, mechanical injury to

major vascular structures including the aorta, vena cava,

or main renal vascular pedicle can contribute to bleeding.

Avoidance of these complications necessitates meticulous

monitoring of the probe position using either ultrasound

or CT fluoroscopy particularly when managing hilar

tumors which are in close proximity to such structures.

Delayed bleeding may be sequelae of an arteriovenous

fistula [18]. In most cases, transfusion is sufficient to

manage bleeding although urologists must consider angi-

oembolization or surgical exploration if bleeding remains

refractory.
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Bowel injury

Injury to the small or large bowel can occur during thermal

ablation (either CA or RFA) performed by laparoscopic or

percutaneous approaches. Diagnosis and management of

laparoscopic bowel injuries were discussed earlier in this

review article. Thermal injury during percutaneous ablation

can occur during treatment of anterior or medial renal

lesions that are abutting or closely approximating visceral

structures. In this regard, careful lesion selection is para-

mount to avoid significant complications. Weizer et al. [19]

illustrated this point when presenting complications on 24

high-risk patients with 32 renal tumors treated by percu-

taneous RFA. This series highlighted 5 complications

including 2 perinephric hematomas, 1 persistent urinoma

associated with a proximal ureteral stricture, and 2 colonic

injuries. When specifically considering the colon injuries, 1

patient developed a colonic perforation 48 h following

percutaneous RFA of a 7 cm left anterior renal lesion in a

solitary kidney. Procedural CT scanning demonstrated that

the colon was within 1 cm of the ablation tract. The second

patient was treated for a 1.8 cm left anterior upper pole

lesion in a solitary kidney and 7 days later developed

colonephric fistula. On statistical analysis, anterior lesions

were 5 times more likely than posterior lesions to have

complications following percutaneous RFA (80% vs. 16%,

p \ 0.0001).

Bowel injuries following percutaneous ablation are a

direct result of thermal energy-induced adjacent tissue

necrosis. Quite simply, such complications can be mini-

mized (and even avoided) by ensuring adequate distance

between bowel (or other visceral structures) and the renal

lesion being treated. Animal models of liver RFA have

shown that colonic injury is increased when lesions within

1 cm of bowel are treated [20]. Postablation CT scanning

should be performed whenever bowel injury is clinically

suspected. Patients must be closely observed or surgically

explored if there are any concerns of a related bowel injury.

Multiple strategies can be employed to avoid and prevent

bowel-related complications from percutaneous ablation. In

2002, Ogan et al. [21] reported that 2 out of 15 patients

scheduled for percutaneous RFA had bowel within milli-

meters of the target lesion when the patients were placed in

the full and modified (30�) prone position. This was not

readily apparent on preoperative imaging performed in the

supine position. These authors recommend imaging prior to

the procedure in the prone position to confirm an adequate

safe margin between the target lesion and visceral struc-

tures. An additional protective technique involves using the

probe itself as a lever or fulcrum when deployed in the

lesion to orient it away from adjacent bowel [22]. This same

strategy was discussed early to minimize thermal injury to

posterior neuromuscular structures.

An increasingly popular technique involves instillation of

fluid or CO2 to displace bowel away from the treatment

lesion. Bodily et al. [23] recently reported on percutaneous

hydrodisplacement during the course of percutaneous CA for

50 renal tumors. These authors reported using this technique

in 24% of percutaneous CA overall (50 of 206 lesions) to

displace structures including the colon, body wall, duode-

num, jejunum/ileum, ureter, and psoas muscle. The overall

success rate was 96% in displacing the critical structure from

its initial location by a mean distance of 16 mm (range

3–46 mm). They further emphasized continuous infusion

was often necessary to maintain displacement during the

procedure. Other groups have made similar observations

[24]. While there is no consensus regarding the optimal

medium, several authors advocate use of 5% dextrose in

water due to its non-ionic and iso-osmolar nature [25].

Finally, in cases where bowel anatomy is not favorable

for percutaneous ablation, surgeons should have a low

threshold for employing a laparoscopic approach.

Ureteral and collecting system injury

Thermal ablation of renal tumors in close proximity or

abutting the renal pelvis, ureteropelvic junction (UPJ), or

proximal ureter presents a higher risk scenario for ureteral

or collecting system injury with resultant obstruction or

renal loss. Such observations have been more clearly

delineated for RFA, although several reports note similar

observations for CA. Johnson et al. [6] noted that 1 out of

271 (0.4%) patients in this multi-institutional series

developed a UPJ obstruction following laparoscopic RFA

for a 2.3-cm tumor near the hilum and renal pelvis. While

initial observation failed to note any abnormalities, sub-

sequent imaging revealed delayed renal excretion with the

patient eventually requiring a nephrectomy for poor func-

tion. These authors have subsequently recommended use of

ultrasonography to avoid collecting system puncture during

laparoscopic probe placement and selecting a modality

other than RFA to treat tumors neighboring the renal pel-

vis. Weizer et al. [19] had similar observations with 1 out

of 24 patients (4%) in this series developing a persistent

urinoma and proximal ureteral stricture 1 month following

RFA treatment for 2 separate tumors, the largest of which

was 3 cm and abutting the renal pelvis. These authors

similarly concluded that RFA in lesions that abut the renal

pelvis or UPJ significantly increases the risk of ureteral

stricture disease. While less published, CA can certainly

contribute to ureteral injuries as well. In 1976, a bovine

study clearly demonstrated that direct cryoablation of the

ureter can cause stricture disease and urinary obstruction

[26]. Additional human cases of ureteral strictures fol-

lowing CA have been reported [27].
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As with bowel injuries described previously, proximity

between the urinary collecting system and the ablation

zone plays a key role in preventing complications. Pos-

tablation CT urography should be performed if a ureteral

injury is suspected. Importantly, a urine leak may not be

obvious in the acute setting. Rather, secondary signs of

inflammation and injury including increased ureteral wall

thickness, periureteral stranding, or hydronephrosis may be

the only early presentation [9]. Management of injury may

be conservative, although most necessitate active inter-

ventions including nephrostomy tube placement, antegrade

ureteral stent, or nephrectomy.

Prevention of UPJ or ureteral injury can be accom-

plished by careful lesion selection and appropriate use of

laparoscopic versus percutaneous approaches. As men-

tioned earlier, hydrodissection with an aqueous medium

can be employed during percutaneous procedures to dis-

place the ureter from the renal lesion prior to therapy [23].

Froemming et al. [28] have recently reported on several

cases of probe retraction during percutaneous CA to min-

imize direct ureteral injury. Their pilot experience was

promising although a greater experience is necessary prior

to broader implementation.

Deep, centrally located lesions have raised concern for

increased risk of collecting system injury following probe

ablative therapy. Janzen et al. [29] addressed this concern

by reviewing the effects of intentional CA and RFA of the

collecting system in a porcine model. These authors

concluded that CA (and not RFA) spares the collecting

system in the acute setting, although regrowth of urothe-

lium may occur with time following RFA. These animal

model observations were further supported by Hegarty

et al. [30] who observed only one collecting system

complication in 28 RFA-treated tumors that were adjacent

to the renal sinus, calyces, or hilum. Furthermore, in this

latter study, one urinary fistula also occurred following

CA. Collectively, these imply that the specific ablation

technique for centrally located tumors is less important

than the precision with which the probes are placed to

treat these tumors.

Conclusions

While fewer in number than extirpative surgery, compli-

cations following probe ablative therapy for renal cortical

tumors can occur. While some are self-limiting, others can

result in significant patient morbidity with the potential for

renal loss or adjunctive surgical procedures. Many can be

avoided by careful consideration of relevant anatomy

coupled with a firm understanding of mechanisms under-

lying the ablative technique themselves.
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