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Abstract

Purpose We present our experience of utilizing periphe-

ral nerve electrostimulation as a complementary monitor-

ing technique during percutaneous thermal ablation

procedures; and we highlight its utility and feasibility in the

prevention of iatrogenic neurologic thermal injury.

Methods Peripheral motor nerve electrostimulation was

performed in 12 patients undergoing percutaneous image-

guided thermal ablations of spinal/pelvic lesions in close

proximity to the spinal cord and nerve roots. Electrosti-

mulation was used in addition to existing insulation (active

warming/cooling with hydrodissection, passive insulation

with CO2 insufflation) and temperature monitoring (ther-

mocouples) techniques. Impending neurologic deficit was

defined as a visual reduction of muscle response or need for

a stronger electric current to evoke muscle contraction,

compared with baseline.

Results Significant reduction of the muscle response to

electrostimulation was observed in three patients during the

ablation, necessitating temporary interruption, followed by

injection of warm/cool saline. This resulted in complete

recovery of the muscle response in two cases, while for the

third patient the response did not improve and the proce-

dure was terminated. No patient experienced postoperative

motor deficit.

Conclusion Peripheral motor nerve electrostimulation is a

simple, easily accessible technique allowing early detec-

tion of impending neurologic injury during percutaneous

image-guided thermal ablation. It complements existing

monitoring techniques and provides a functional assess-

ment along the whole length of the nerve.

Keywords Electrostimulation � Neurophysiologic

monitoring � Percutaneous thermal ablation � Thermal

insulation

Introduction

Percutaneous image-guided thermal ablation techniques are

rapidly emerging, minimally invasive therapies for the

curative and palliative treatment of a variety of benign and

malignant tumors [1–4]. Serious adverse events are rare, but

one of the most feared complications is unintended thermal

damage to collateral structures [5, 6]. In recent years, several

thermal insulation techniques have been utilized to mitigate

these risks, including active warming/cooling with hydro-

dissection, passive insulation with CO2 insufflation, and

balloon interposition [7–10]. These techniques protect the

surrounding organs and increase the pool of candidates for

percutaneous ablation procedures. Lesions near the spinal

cord and peripheral nerves remains highly challenging as a

result of the risk of permanent neurological dysfunction. For

these cases, continuous temperature monitoring with ther-

mocouples has been advocated to facilitate early detection of
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potential neurologic thermal injury, using temperature as an

indicator [8, 9, 11–13].

Electrostimulation is mainly used by anesthesiologists

for the identification and location of nerves during local

anesthesia [14–16]. We decided to use electrostimulation

of peripheral motor nerves during percutaneous thermal

ablation in close proximity to nerve roots in order to assess

the functional consequences of thermal injury on peripheral

nerves. Here we highlight the feasibility, utility, and role of

this technique in the timely detection and prevention of

impending neurologic deficit.

Materials and Methods

Over a 1-year period, we performed 12 percutaneous

thermal ablation procedures for lesions in close proximity

to spinal nerves using electrostimulation as a complemen-

tary method to existing insulation and temperature moni-

toring techniques.

Lesions were located in the vertebral/paravertebral

region (in 10 patients) and in the pelvis (in 2 patients). All

cases, except the spinal osteoid osteoma, involved a bone

lesion with soft tissue extension. Intervention was under-

taken with palliative intent in 10 cases (painful bone

metastases) and with curative intent in 2 cases of benign

tumors (spinal aneurysmal bone cyst on L4 and osteoid

osteoma on S1). Cryoablation (Galil Medical, Yokneam,

Israel) was used in all cases except the osteoid osteoma,

which was treated with laser ablation. In all cases, the

decision to use electrostimulation was based on the short

distance (\15 mm) of the lesion to the closest nerve root.

All procedures were performed with the patient under

general anesthesia. No neuromuscular blocking agents

were used during the procedure in seven patients. In the

other five patients, a single dose of short-acting muscle

relaxant (celocurine, suxamethonium) was used strictly

during intubation. No muscle relaxant was administered

after intubation in any case, and no residual neuromuscular

block was present during electrostimulation (verified via

demonstration of positive thumb adduction after ulnar

nerve stimulation for each case).

All procedures were performed in the interventional

radiology suite under combined CT and fluoroscopic guid-

ance by two interventional radiologists experienced in

image-guided tumor ablation. A planning CT was initially

performed in order to determine electrode positioning and to

delineate the neural structures at risk. Once all electrodes,

thermal insulation techniques (hydrodissection, CO2 dis-

section), and thermocouples were in place, the electrosti-

mulation electrode (Stimuplex HNS 11, B Braun, Freiburg,

Germany) was positioned by the interventional radiologist

under CT guidance in contact with the threatened nerve,

proximal to the level of potential axonal damage. The min-

imum pulse current and pulse frequency width needed to

provoke the nerve (as detected visually with corresponding

muscle contraction) was recorded, and the ablation was

begun (Fig. 1). The nerve was stimulated periodically (every

1 min) at the beginning of the freezing cycle, and continu-

ously when the hypodense ice ball was visualized on the CT

control to approach the nerve root. For the case of spinal

osteoid osteoma, electrostimulation was used every 30 s

during the first half of the ablation, then continuously during

the last 5 min. Whenever the motor response was dimin-

ishing or a stronger electrical current was required to evoke

muscle contraction, the ablation was temporarily interrupted

and active warming/cooling (with injection of sterile saline)

was performed. If after a few minutes the muscle response to

electrostimulation did not improve, termination of the pro-

cedure was considered in order to prevent permanent nerve

injury.

Results

During the 1-year study period, we performed 12 percu-

taneous spinal and pelvic ablation procedures using

electrostimulation. Cryoablation was used in 11 cases

(ablation protocol: two 10 min freezing cycles separated by

a 10 min passive thawing cycle) and laser ablation in the

case of S1 osteoid osteoma.

Nine cases demonstrated a positive response to electr-

ostimulation throughout the procedure. In three cases, the

response was diminished compared to baseline at some

point during the ablation, necessitating temporary inter-

ruption of the procedure followed by injection of warm/

cool saline. This resulted in complete recovery of the

muscle response in two cases, and the procedures were

completed. For the third case (cryoablation of vertebral

aneurysmal bone cyst in direct contact with the nerve root),

the muscle response did not improve even after 5 min of

active thawing of the cryoprobe and warming of the nerve

root with warm saline; imaging confirmed close proximity

of the ice ball to the nerve root. The procedure was

therefore terminated early (Fig. 2). There were no instan-

ces of postoperative motor deficit in any of the 12 patients.

Discussion

Different percutaneous image-guided thermal ablation

techniques are used for the curative and palliative treatment

of benign and malignant tumors. Cryoablation uses cold,

while radiofrequency, microwave, and laser ablation heat

the tumors in order to destroy the cancerous cells. During

cryoablation, the limits of the ablation zone are visible with
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imaging: hypodense ice ball on CT and signal void area on

MRI. Cryoablation is preferred by many physicians,

especially when treating lesions near vulnerable healthy

structures.

Permanent neurologic deficit is one of the most feared

complications when performing thermal ablation proce-

dures in close proximity to neural structures. Experimental

studies have demonstrated numerous parameters affecting

the extent and severity of neurologic thermal damage,

including absolute temperature, duration of thermal effect,

and type of nerve fiber. Denny Brown et al. [17] and

Schaumburg et al. [18] demonstrated that cold seriously

disturbs nerve function between 10 and 0 �C; slight motor

loss becomes evident at 10 �C and mild sensory loss at

7 �C, while both functions disappear between 5 and 0 �C.

In general, nonmyelinated and sensory fibers are more

resistant to temperature change than myelinated and motor

fibers [19]. Histological damage can occur after transient

cooling to 5–8 �C for 30 min to 2 h, but the general

architecture of the nerve is preserved and regeneration of

Fig. 1 Palliative cryoablation of a painful bone metastasis. A Axial

CT image showing an osteolytic metastasis on the left iliac bone with

extension on the sacroiliac joint and in proximity to the L5 and S1

nerve roots. Four cryoablation probes were positioned to ablate the

lesion. B, C Two electrodes were positioned percutaneously at the

L5–S1 and S1–S2 foramens (proximal to the level of potential

thermal damage) for electrostimulation of the L5 and S1 nerve roots.

D Image showing the four cryoablation probes and the electrostimu-

lation electrodes (arrows) in place. Note also the spinal needle used

for CO2 dissection (asterisk) and temperature monitoring with a

thermocouple (arrowhead) of the sciatic nerve. E, F Axial and

coronal reconstructed CT image during the ablation showing the

hypodense ice ball (short arrows) approaching the nerve roots. The

CO2 dissection of the sciatic nerve was unfortunately mainly achieved

peripherally to the level of potential axonal damage. G During the

freezing cycles, the L5 and S1 nerve roots were stimulated. The

corresponding muscle contraction was monitored visually. The

minimum pulse current and pulse frequency width needed to provoke

the nerve was recorded
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nerves fiber is still possible. During heating, the threshold

of irreversible damage is 42.2 �C for 50–60 min or 70 �C

for 5 min [20]. Individual differences affect nerve resis-

tance, while the nerve roots that have already sustained

damage due to applied radiotherapy or presence of neuro-

toxic medication are more prone to thermal damage. At

both low and high temperatures, the nerve block can be

fully and rapidly reversed, providing that the critical tem-

perature is not too greatly exceeded and not for a long

period of time [21].

Current practice to prevent thermal injury to neighbor-

ing structures primarily involves use of different thermal

insulation techniques (active warming/cooling with saline

injection, and passive insulation with CO2 insufflation) [8,

10]. In addition, continuous temperature monitoring may

be undertaken by positioning the thermocouples close to

the threatened structures [8, 9, 11]. This technique uses a

surrogate measure (temperature) to assess neural integrity

and only records measurements from a single anatomical

point (the tip of thermocouple), which may not reflect

regional temperature heterogeneity.

Neurophysiologic monitoring has been described during

spinal scoliosis surgery for the detection of spinal cord

injury [22, 23]. Motor-evoked potentials (MEPs) are pro-

duced via transcranial electrostimulation of the motor

cortex regions using subcutaneous electrodes, and

somatosensory-evoked potentials (SEPs) are recorded via

placement of subdermal electrodes affixed at the cortical

representation zones of the upper and lower limbs. Sig-

nificant reduction in amplitude of the SEPs and MEPs

warns the surgeon of a possible neurologic deficit. SEP and

MEP monitoring is the method of choice for monitoring

spinal cord function but requires specialist neurophysio-

logical expertise and is cumbersome. Recently, Kurup et al.

[24] described the use of electrostimulation of nerve roots

during two percutaneous cryoablation procedures near

neural structures.

Conversely to neurophysiologic monitoring, electrosti-

mulation is a simple, easily performed method of assessing

motor function of at-risk nerves, which requires little

specialized training or equipment. The electrodes are

positioned proximal to the level of potential axonal damage

under CT guidance (i.e., emergence of the nerve root from

the spinal canal), and the minimum electric current to

achieve muscle contraction is recorded. Stimulation of the

nerve root is used during the ablation phase every 30–60 s

in order to rapidly detect a reduction in muscle contraction

compared to baseline (or requirement for a stronger electric

pulse to evoke the same motor response). The above warns

the operator of the risk of impending thermal injury,

allowing appropriate rapid intervention (active cooling or

warming) to be undertaken to prevent permanent neuro-

logic sequela. Of our three patients with diminished motor

responses, two were able to undergo complete procedures

Fig. 2 Spinal aneurysmal bone cyst (ABC) cryoablation. A Axial and

B coronal reconstructed CT image showing the extraforaminal

compression of the exiting nerve roots (arrow) by the ABC.

C Seven cryoablation probes were positioned percutaneously to

ablate the ABC. An electrostimulation electrode (arrow) was

positioned on the right L3–L4 foramen in contact with the exiting

nerve root. Continuous temperature monitoring with a thermocouple

(asterisk) and epidural dissection with CO2 (short arrows) were also

used to protect the neural structures at risk. During the second

freezing, cycle the response to electrostimulation was diminished,

necessitating interruption of the procedure. The muscle response did

not improve with active warming with warm saline injection, and the

ablation was therefore not completed. D Imaging confirmed close

proximity of the ice ball to the nerve root. E Vertebroplasty of the

vertebral part of the ABC with cement injection. F, G Axial T2

weighted and T1 gadolinium subtracted image on the first month’s

follow-up. There is no contrast uptake by the lesion, suggesting

complete ablation. The patient did not experience any motor deficit
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after the application of active warming/cooling techniques;

and the third patient (who did not respond to the active

warming of the nerve root) was spared any permanent

injury by early termination of the procedure.

Nerve stimulation should not be used continuously dur-

ing the ablation phase in order to avoid muscle fatigue

(painful cramps). Though we used electrostimulation

mainly during cryoablation (except in the case of laser

ablation of an osteoid osteoma), the technique is also of

similar interest when the other ablation techniques are used.

We have successfully used electrostimulation as a

complementary tool to thermal insulation techniques and

temperature monitoring. The technique permits direct

assessment of the consequences of thermal injury on nerve

function and allows the assessment of the entire nerve

length (distal to the electrode). The main limitation is the

potential for the motor response to be confounded by the

action of neuromuscular blocking drugs administered dur-

ing general anesthesia. Muscle relaxants should therefore

be avoided or reversed. Finally—although useful for

peripheral nerves—electrostimulation alone cannot be used

for monitoring cord function; if this is required, then

neurophysiologic monitoring of the SEPs and MEPs is a

necessity.

Conclusion

Electrostimulation of peripheral motor nerves is a feasible

feedback thermoprotective technique allowing early

detection of impending neurologic injury. It is inexpensive,

requires relatively little specialist expertise or equipment,

and complements existing monitoring techniques by per-

mitting functional assessment along the whole length of the

nerve. Although limited to motor nerves, it should never-

theless constitute an important tool in preventing perma-

nent neurological dysfunction after percutaneous thermal

ablation procedures.
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