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ABSTRACT

Purpose: To characterize the utility of monitoring transcranial electrical motor evoked potentials (TCeMEPs) and somatosensory
evoked potentials (SSEPs) for neural thermoprotection during musculoskeletal tumor ablations.

Materials and Methods: Retrospective review of 29 patients (16 male; median age, 46 y; range, 7–77 y) who underwent muscu-
loskeletal tumor radiofrequency ablation (n ¼ 8) or cryoablation (n ¼ 22) with intraprocedural TCeMEP and SSEP monitoring was
performed. The most common tumor histologies were osteoid osteoma (n ¼ 6), venous malformation (n ¼ 5), sarcoma (n ¼ 5), renal cell
carcinoma (n ¼ 4), and non–small-cell lung cancer (n ¼ 3). The most common tumor sites were spine (n ¼ 22) and lower extremities
(n ¼ 4). Abnormal TCeMEP change was defined by 100-V increase above baseline threshold activation for a given myotome; abnormal
SSEP change was defined by 60% reduction in baseline amplitude and/or 10% increase in latency.

Results: Abnormal changes in TCeMEP (n ¼ 9; 30%) and/or SSEP (n ¼ 5; 17%) occurred in 12 procedures (40%) and did not recover
in 5 patients. Patients with unchanged TCeMEP/SSEP activities throughout the procedure (n ¼ 18) did not have motor or sensory
symptoms after the procedure; 3 (60%) with unrecovered activity changes and 2 (29%) with transient activity changes had new motor
(n ¼ 1) or sensory (n ¼ 4) symptoms. Relative risk for neurologic sequelae for patients with unrecovered TCeMEP/SSEP changes vs
those with transient or no changes was 7.50 (95% confidence interval, 1.66–33.9; P ¼ .009).

Conclusions: Abnormal activity changes of TCeMEP or SSEP during percutaneous ablative procedures correlate with postprocedural
neurologic sequelae.

ABBREVIATIONS

CI ¼ confidence interval, IONM ¼ intraoperative neurophysiological monitoring, RF ¼ radiofrequency, SSEP ¼ somatosensory

evoked potential, TCeMEP ¼ transcranial electrical motor-evoked potential
Radiofrequency (RF) ablation and cryoablation are the most
characterized modalities for musculoskeletal tumor abla-
tions, with multiple studies substantiating their effectiveness
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(1–6). Given the temperature ranges involved with RF
ablation or cryoablation and the proximity of musculoskel-
etal tumors to neural structures, iatrogenic nerve injury is a
feared complication. Neural structures are not well-
visualized on standard cross-sectional imaging, and, in
addition, RF ablation margins cannot be followed on
computed tomography (CT) (7). Cryoablation margins can
be visualized in real time with CT as a zone of low atten-
uation, but reliable cell death occurs only 3–5 mm within the
zone’s outer edge (7,8).

Multiple passive and active neural thermoprotective
techniques have been used to minimize the risk of neural
injury, including thermocouples, cooling/heating with
dextrose 5% in water, and pneumo- or hydrodissection (9).
Recently, the use of intraoperative neurophysiological
monitoring (IONM), specifically transcranial electrical mo-
tor evoked potentials (TCeMEPs) and somatosensory
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Table 1. Procedural Characteristics

Characteristic Value

Procedures 30

Patients 29

Sex

Male 16 (53)

Female 14 (47)

Age (y)

Median 46

Range 7–77
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evoked potentials (SSEPs), has been described for high-risk
procedures, as an adaptation from open spinal operations
(10–12). A retrospective study by Kurup et al (10) suggests
that TCeMEP monitoring during cryoablation can correlate
with neural injury. However, the present authors are aware
of no studies evaluating a multimodality IONM approach
with both TCeMEP and SSEP monitoring during percuta-
neous ablations. The present retrospective study aims to
characterize the utility of intraprocedural TCeMEP and
SSEP monitoring together for neural thermoprotection dur-
ing musculoskeletal tumor ablations.
Procedures

RF ablations 8 (27)

Cryoablations 22 (73)

Preceded by

Radiation therapy 6 (20)

Surgical decompression 4 (13)

Sclerotherapy 5 (16)

Note–Values in parentheses are percentages.

RF ¼ radiofrequency.
MATERIALS AND METHODS

Institutional review board approval was obtained to retro-
spectively review a single-center database for percutaneous
image-guided ablations, with concomitant IONM, that
treated musculoskeletal tumors between February 2015 and
July 2018. Informed consent was waived for participation in
this retrospective study.

Thirty musculoskeletal tumor ablations (8 RF ablations
and 22 cryoablations) that included IONM were identified in
29 patients (16 male; Table 1). There were no exclusion
criteria. Median age was 46 years (range, 7–77 y).
Patients were selected for musculoskeletal tumor ablation
by consultation of a multidisciplinary tumor board
consisting of medical, radiation, surgical, and
interventional oncologists. Ablation was indicated for pain
palliation and/or local tumor control when pharmacologic,
radiation, and surgical options were contraindicated or
unsuccessful. The inclusion of IONM was determined by
the performing interventional radiologist based on
qualitative risk assessment for nerve injury, ie, proximity
to the spinal cord or spinal and/or peripheral nerves. All
ablation procedures were planned and completed as single
sessions. All ablations were performed by a board-certified
musculoskeletal radiologist with more than 10 years of
experience or a board-certified vascular and interventional
radiologist with more than 5 years of experience.

The choice of RF ablation versus cryoablation was guided
as previously described (13,14). Briefly, RF ablation was
preferred for osteolytic tumors with little to no extraosseous
spread and for tumors involving the vertebral body and
pedicles without paraspinal extension. Cryoablation was
preferred for soft-tissue and vascular tumors, osteoblastic
tumors, appendicular and pelvic tumors, and tumors with
large extraosseous soft-tissue components, given the ability
to sculpt conformal, additive cryoablation zones and the
ease of visualization on CT (14).

RF Ablation
RF ablation itself was performed as previously described (15)
by using the STAR Tumor Ablation System (Merit Medical,
South Jordan, Utah) and MetaSTAR generator (with 3-, 5-,
7.5-, and 10-W settings), which includes an 11-gauge artic-
ulating bipolar probe containing 2 built-in thermocouples 10
and 15 mm from the electrode for real-time confirmation and
quantification of the ablation zone size (Fig 1). The goal was
to create an ablation zone encompassing the entire tumor
volume, including margins when possible to account for
microscopic disease in malignant tumors (16). The average
ablation time per procedure was 15 minutes, 30 seconds
(range, 1 min, 55 s to 45 min, 18 s).

Two RF ablations were performed under fluoroscopic
guidance with concomitant vertebroplasty, whereas the
remaining 6 were performed under CT guidance. A post-
procedural epidural nerve root block with dexamethasone
was planned and completed in 4 of the RF ablations.
Cryoablation
Cryoablation was performed as previously described (5)
by using the Endocare CryoCare System (HealthTronics,
Austin, Texas) with Perc-15 and Perc-17 cryoprobes or
the Visual-ICE Cryoablation System (Galil Medical,
Arden Hills, Minnesota) with IcePearl, IceRod 1.5, Ice-
Edge 2.4, and IceSphere 1.5 series cryoprobes (Fig 2).
Both systems use circulating inert argon for freezing
and helium for active thawing. Cryoprobe placement
and number were operator-dependent based on tumor
size, location, and need for ice-ball configuration to
produce a contiguous ice ball encompassing the tumor; if
local tumor control was desired, an ablative margin of
5–10 mm was achieved. Intraprocedural CT images were
acquired at intervals of no more than 5 minutes during the
freeze cycle, depending on proximity to sensitive struc-
tures. The typical ablation included a 10-minute freeze
cycle followed by an 8-minute active/passive thaw,
another 10-minute freeze cycle, and a final 5–8-minute
active/passive thaw; however, times and cryoprobe
placements were adjusted with respect to tumor coverage,
proximity of the ablation margin to sensitive structures,



Figure 1. Imaging of a 15-year-old boy with right C7 transverse process osteoid osteoma. Preprocedural MR image shows low T1 signal

(a) and high T2 signal (b) in the right C7 hemivertebra (arrows, a, b), measuring 1.9 � 2.2 � 3.7 cm. (c) Intraprocedural CT image during

RF ablation demonstrates the RF probe accessing the C7 transverse process (arrow).
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and changes in TCeMEP/SSEP. The average number of
cryoprobes per procedure was 5 (range, 1–16).

All 22 cryoablations were performed under CT guidance.
One procedure necessitated tumor embolization the previous
day to reduce bleeding risk of the hypervascular tumor. One
procedure involved a concomitant right ischial and posterior
acetabulum cementoplasty for stabilization. At the conclusion
of 4 procedures, steroid nerve root blocks or joint injections
were performed in anticipation of postprocedural pain.
Tumor Characteristics
Osteoid osteoma (n ¼ 6), sarcoma (n ¼ 5), and renal cell
carcinoma (n ¼ 4) were the most common of 10 different
biopsy-confirmed histologies (Table 2). The most common
tumor location was the spine (n ¼ 22), followed by the
lower extremities (n ¼ 4) and scapula (n ¼ 2). Mean
greatest tumor axial dimension was 4.7 cm (range, 0.4–16
cm). For the CT-guided procedures, mean distance between
tumor and the most proximal neural structure at the time of the
procedure was 1.6 cm (range, 0.2–4.5 cm).
Thermoprotection
Active and passive thermoprotective techniques were chosen
based on location and increased risk of neural injury. For
ablations of tumors judged by the radiologist to be in close
proximity to the spinal cord or nerve roots, a thermocouple
was placed into the neural foramen and/or epidural space to
monitor temperature. If temperatures approximated 45�C
during RF ablation or 10�C during cryoablation, carbon di-
oxide or warmed/cooled 5% dextrose in water was injected
into the epidural or perineural space. Carbon dioxide dissec-
tion was also used to protect peripheral nerves (ie, brachial
plexus and sciatic nerve) and bowel in 4 cases. A myelogram
was obtained to help displace and better visualize the spinal
cord in 2 cases. No cases necessitated hydrodissection.
Cutaneous thermoprotection via warm saline gauze placed
over the skin was used for all cryoablation cases.

Neurophysiologic Monitoring
TCeMEP and SSEP monitoring were performed by neuro-
electrophysiologic technologists certified by the American



Figure 2. Imaging of a 55-year-old man with an ocular melanoma metastasis (6.7 � 6.0 cm) to the right iliopsoas muscle. (a) Intra-

procedural cryoablation CT shows 2 cryoprobes within the tumor (arrow) during a freeze cycle, with the hypoattenuating ice ball clearly

visible. The outer margin of this ice ball correlates to a temperature of 0�C. (b) Ice ball (arrow) at the end of the procedure. (c) Post-

procedural coronal MR image shows heterogenous enhancement suggestive of internal necrosis (arrow).
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Board of Registration of Electroencephalographic and
Evoked Potential Technologists. The technologists had an
average of more than 10 years of experience and belonged
to one in-house department that had collectively monitored
more than 23,000 cases. There is no MD or PhD oversight at
the study institution for technologist monitoring during
surgical or percutaneous procedures. A collaborative effort
by the operating interventional radiologist and the technol-
ogist determined the nerve territories that necessitated
monitoring. Based on their findings, the technologist
monitored the neural structures at greatest risk for thermal
compromise.

All cases included a total intravenous general anesthesia
protocol, which involved propofol (50–150 μg/kg/min) with
remifentanil (0.05–0.4 μg/kg/min) or sufentanil (0.1–0.7
μg/kg/h) and dexmedetomidine (0.1–0.7 μg/kg/h). Pediatric
patients received methadone before propofol infusion.
Fentanyl boluses were given as needed for analgesia. No
inhalation agents were used, and a short-acting neuromus-
cular blockade was administered for intubation only.
All data were collected on a Cascade PRO 32-channel
system (Cadwell Industries, Kennewick, Washington) with
use of the Cascade Classic IONM program. TCeMEPs were
stimulated cranially (80–400 V, 75-μs pulse duration,
7-pulse train at 1.9 ms) directly over the motor cortex.
TCeMEPs were recorded on targeted myotomes (amp gain,
200 μV per division; bandpass, 10–3,000 Hz) by using
13-mm subdermal electrodes (same electrodes used for
cranial stimulation).

SSEPs were stimulated peripherally (repetition rate, 2.35–
4.7 Hz; pulse width, 500 μs) by using 15 � 20-mm adhesive
surface electrodes. Stimulation sites included the posterior
tibial nerve adjacent to the medial malleolus, median nerve
at the wrist, and ulnar nerve at the cubital tunnel, with a
maximum stimulation intensity of 50 mA. Stimulation in-
tensity was selected based on visible distal movement and
reproducible data. The SSEP recording montage included 3
cortical potentials and 1 subcortical potential (amp gain, 10
μV per division; bandpass, 10–250 Hz).



Table 2. Tumor Characteristics

Characteristic Value

Longest axial dimension (cm)

Mean 4.7

Range 0.4–16.0

Distance to nearest neurologic structure (cm)

Mean 1.6

Range 0.2–4.5

Tumor histology

Osteoid osteoma 6 (20)

Venous malformation 5 (17)

Sarcoma* 5 (17)

Renal cell carcinoma 4 (13)

Non–small-cell lung cancer 3 (10)

Prostate 2 (7)

Neurofibroma 2 (7)

Desmoid 1 (3)

Melanoma, ocular 1 (3)

Germ cell tumor 1 (3)

Tumor location

Spine 22 (73)

Lower extremity 4 (13)

Scapula 2 (7)

Pelvis 1 (3)

Trapezius 1 (3)

Note–Values in parentheses are percentages.

*Sarcoma includes myxoid liposarcoma (n ¼ 1), myogenic

hemangioendothelioma (n ¼ 2), mesenchymal chon-

drosarcoma (n ¼ 1), and clear-cell sarcoma (n ¼ 1).
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Warning criteria for abnormal SSEP changes were
defined as a 60% reduction in baseline amplitude and/or
10% increase in latency per the institutional standards for
spinal surgeries (Fig 3). Similarly, for TCeMEP monitoring,
an abnormal change was defined as a 100-V increase above
baseline threshold activation for a given myotome (Fig 4).
When TCeMEP or SSEP warning criteria were met, the
ablations were immediately terminated; for cryoablations,
an active thaw was immediately begun. Changes in
TCeMEP or SSEPs were considered transient (or
recovered) if they returned to baseline before the end of
the procedure.
Statistical Analysis
Primary endpoints analyzed were intraprocedural changes in
TCeMEP and/or SSEP and presence of any neurologic
sequelae, which were defined as immediate postprocedural
motor or sensory deficits and/or radicular pain as diagnosed
by the performing radiologist. These endpoints were
assessed via chart review of the electronic medical record or
through Brief Pain Inventory short forms collected at
various time points (pretreatment, 1 wk, 1 mo, 3 mo, 6 mo, 9
mo, 1 y) (17). Other data points analyzed include longest
tumor axial dimension and tumor distance to the nearest
neurologic structure. An independent t test was used to
determine significant differences between means. Compli-
cations were evaluated based on the system established by
the Society of Interventional Radiology (18).
RESULTS

Neurophysiologic Monitoring
Warning criteria for TCeMEP and/or SSEP monitoring were
met in 12 of 30 procedures (40%). Seven of 30 (23%) met
warning criteria for TCeMEPs, 3 (10%) met warning criteria
for SSEPs, and 2 (7%) met warning criteria for both. Eleven
of these 12 procedures (92%) were cryoablations, and only 1
(8%) was an RF ablation. Nine of these 12 procedures
(75%) targeted tumors involving the spine, and the
remaining 2 (25%) involved the scapula. There was no
difference between mean tumor-to-nerve distances for pro-
cedures without (1.7 cm ± 1.3) or with (1.4 cm ± 0.9)
abnormal TCeMEP/SSEP changes (P ¼ .42; Fig 5a). Five of
the 12 abnormal TCeMEP/SSEP changes (42%) did not
recover, with the remaining 7 (58%) being transient.

Abnormal TCeMEP and/or SSEP changes are reported in
Table 3. In the 18 procedures without abnormal TCeMEP/
SSEP changes, there were no neurologic sequelae. Three
of 5 procedures with unrecovered abnormal changes
(60%) and 2 of 7 procedures with transient abnormal
changes (29%) had new charted motor (n ¼ 1) and/or
sensory (n ¼ 4) symptoms, for an overall complication
rate of 16%. All 5 cases of neurologic sequelae were in
patients who underwent cryoablation. There was no
significant difference between mean tumor-to-nerve dis-
tances for procedures with neurologic sequelae (1.0 cm ±
0.4) or without (1.7 cm ± 1.2; P ¼ .22; Fig 5b). The relative
risk for neurologic sequelae for procedures with any
abnormal TCeMEP/SSEP change versus those without
was 16.1 (95% confidence interval [CI], 0.970–266.5; P ¼
.053). The relative risk for neurologic sequelae for
procedures with unrecovered abnormal TCeMEP/SSEP
changes versus those with transient or no changes was
7.50 (95% CI, 1.66–33.9; P ¼ .009).

As a whole, any abnormal TCeMEP or SSEP change was
100% sensitive (95% CI, 48%–100%) and 72% specific
(95% CI, 51%–88%) for neurologic sequelae, whereas any
unrecovered change was 60% sensitive (95% CI, 15%–

95%) and 92% specific (95% CI, 74%–99%). The area
under the curve of the receiver operating characteristic curve
was 0.86 (95% CI, 0.73–0.99). Any abnormal TCeMEP
change was 100% sensitive (95% CI, 2.5%–100%) and 72%
specific (95% CI, 53%–87%) for new motor deficits; unre-
covered TCeMEP changes had the same sensitivity, but a
specificity of 93% (95% CI, 77%–99%). Any abnormal
SSEP activity change was 75% sensitive (95% CI, 19%–

99%) and 92% specific (95% CI, 74%–99%) for new sen-
sory deficits or radicular pain; unrecovered SSEP activity
changes were 50% sensitive (95% CI, 7%–93%) and 100%
specific (95% CI, 82%–100%).



Figure 3. Characteristic SSEP tracings of the posterior tibial nerve, Cz-Fpz (white arrows) and C40-Fpz (yellow arrows), thatmeet the latency

warning criteria. Baseline SSEPs are in red, whereas SSEPs during a cryoablation are in blue (standard time sweep of 10 ms per division).

Pluses delineate the troughs and peaks of the evoked potential, with the latencies labeled inmilliseconds. Peak amplitudes in microvolts are

listed in parentheses. An abnormal SSEP changewas defined as a 60% decrease in amplitude or, as in this tracing, a 10% increase in latency.

Figure 4. Characteristic TCeMEP tracings of the right quadriceps (Quads) and right medial gastrocnemius (MG) that meet warning

criteria. Normal right anterior tibialis (AT) tracings are also shown. Baseline (BL) TCeMEP are in red, whereas TCeMEP during a cry-

oablation are in blue (standard time sweep of 10 ms per division). Voltages for threshold activation listed on the right of the tracings. An

abnormal TCeMEP change was defined as a 100-V increase above the baseline threshold activation. An abnormal data loss is seen in the

tracings on the left for the quadriceps (white arrows) and medial gastrocnemius (yellow arrows). The change was transient, with a return

of data after rapid thaw as seen in the tracings on the right.
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Complications
Four patients reported exclusively new sensory sequelae
following ablation. The first patient underwent cryoablation
of a left paraspinal mass extending from T11 to L3 and had
an unrecovered increase of latency of tibial-nerve SSEP
bilaterally. She reported decreased sensation in the lateral
aspect of her legs at discharge (class A complication). The
second patient also experienced an unrecovered increased
SSEP latency of the left posterior tibial nerve while
undergoing cryoablation of a right paraspinal mass extend-
ing from T8 to T12. She reported new radicular pain in the
left T10 distribution after the procedure (class B complica-
tion). At 3-month follow-up, pain remained at a score of 6
per the Brief Pain Inventory. The third patient experi-
enced new left forearm numbness after cryoablation of a
tumor encompassing the T1 spinous process and bilateral
laminae (class A complication). The left anterior tibialis
and flexor hallucis brevis TCeMEPs transiently met



Figure 5. Box plots comparing tumor-to-nerve distances for patients with or without TCeMEP/SSEP changes (a) and for patients with or

without neurologic sequelae (b). There were no differences in mean tumor-to-nerve distances in either of the 2 comparisons.

Table 3. Tallied Abnormal TCeMEP/SSEP Changes with

Correlated Neurologic Sequelae

Abnormal Change No

Symptoms

Motor

Deficits

Sensory Deficits

and/or Radicular

Pain

No abnormal change 18 0 0

TCeMEP

Transient 4 0 1

Unrecovered 2 0 0

SSEP

Transient 1 0 0

Unrecovered 0 0 2

TCeMEP and SSEP

Transient 0 0 1

Unrecovered 0 1 0

SSEP ¼ somatosensory evoked potential; TCeMEP ¼ trans-

cranial electrical motor-evoked potential.
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warning criteria during this procedure, whereas SSEPs
remained normal.

The fourth patient reported bilateral lower-extremity and
groin anesthesia (right S1–S4 and left S3/4 distributions)
following cryoablation of a T1 spinous process tumor (class
C complication). During the procedure, bilateral lower-
extremity TCeMEP and SSEP both entered warning
criteria but recovered. Magnetic resonance (MR) imaging
after the procedure showed a T2 hyperintensity of the spinal
cord suggestive of thermal injury (Fig 6). After 24 hours,
only right lower-extremity numbness remained, with new
right axilla (right T1 distribution) numbness, and the patient
received a course of high-dose intravenous dexamethasone.

Only one patient reported new motor symptoms
following ablation, with left hip flexion, knee flexion/
extension, and plantar/dorsiflexion weakness following
cryoablation of a large paraspinal mass at T10/11 (class C
complication). There was a permanent increase of latency in
bilateral lower-extremity SSEP, as well as decreased
amplitude in the anterior tibialis and adductor hallucis
TCeMEP. The patient received a methylprednisone bolus of
30 mg/kg over 15 minutes after the procedure, followed by
5.4 mg/kg over 23 hours. At discharge, the patient had
improvement in hip flexion, knee flexion/extension, and
plantar flexion, but foot drop had not improved.
DISCUSSION

In the present single-institution retrospective cohort study,
correlations between abnormal TCeMEP/SSEP changes,
specifically during image-guided musculoskeletal tumor
ablations, and neurologic complications after such ablations
were assessed. There is a significant increased risk of
neurologic sequelae when there is an unrecovered latency
increase or amplitude decrease of TCeMEP/SSEP. Unre-
covered TCeMEP losses are specific for motor deficits, and
unrecovered SSEP losses are specific for sensory deficits or
radicular pain. Therefore, to avoid neurologic damage in
high-risk cases, abnormal TCeMEP/SSEP data changes
should necessitate a termination of the ablation, assessment
of the ablation zone via intraprocedural imaging, and/or
adjustment of the cryo- or RF probes. An unrecovered
abnormal TCeMEP or SSEP change will likely correlate
with a postprocedural neural thermal injury.

The authors are aware of only one systematic study
describing the value of IONM during percutaneous ablations,
a retrospective cohort study covering 59 percutaneous
musculoskeletal tumor ablations by Kurup et al (10). A much
higher relative risk of 69.8 (95% CI, 5.9 to > 100) for motor
injury with unrecovered TCeMEP losses versus transient or
no TCeMEP changes was reported in that study. Sensitivity
and specificity of TCeMEP losses for nerve injury were
similar to those in the present study at 100% (95% CI, 19%–

100%) and 70% (95% CI, 57%–82%), respectively (10).
The use of SSEP during percutaneous image-guided ab-

lations has been described in multiple case reports (12,19).
Kurup et al (10) suggested that TCeMEP monitoring might
be more sensitive for neurologic injury than SSEP moni-
toring, based on a study by Hilibrand et al (20) of 427
cervical spine surgeries in which 2 patients awoke with new
deficits. One of these deficits was not accompanied by an
SSEP amplitude loss, and both were accompanied by a



Figure 6. Imaging of a 21-year-old man with hemangioendothelioma metastases to the T1 spinous process. (a) Postprocedural

T2-weighted MR image shows a signal abnormality (arrow) in the dorsal spinal cord at the level of T1 suggestive of thermal injury.

(b) T1-weighted fat-suppressed MR image shows typical postablation changes (arrows) at the T1 spinous process.
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TCeMEP loss (20). However, both of these studies (10,20)
analyzed only motor deficits, and the present study
demonstrated that SSEP monitoring may have acceptable
sensitivity and specificity for sensory deficits or radicular
pain. Two patients in the present study who experienced
postprocedural sensory symptoms had unrecovered SSEP
losses exclusively. A multicenter survey (21) involving
SSEP monitoring during scoliosis surgery cases (N ¼
51,263) and neurologic deficit rate reported a sensitivity of
92% and specificity of 99%. Additionally, even though the
studies of Hilibrand et al (20) and Kurup et al (10), along
with the present study, report 100% sensitivity for TCeMEP
monitoring for motor deficits, the small fraction of patients
with motor deficits (2 of 427, 2 of 59, and 1 of 30,
respectively) makes it difficult to have confidence in these
reported sensitivities. A multimodality approach to IONM is
the current standard of care in spinal surgery to minimize the
false-negative rate of each monitoring technique, and the
present study’s findings suggest that a combination of
TCeMEP and SSEP monitoring is better than either alone
when assessing for both motor and sensory deficits (22).

The incidence of clinically relevant neural injuries following
percutaneous musculoskeletal tumor ablation has not been
fully characterized. Two prospective, multicenter trials inves-
tigating RF ablation for painful osseous metastases (1,6)
observed neurologic injury rates of 2% (1 of 43 patients) (6)
and 4% (2 of 55 patients) (1), and a similar trial investigating
cryoablation (2) reported a rate of 0% among 61 patients. A
retrospective study by Auloge et al (23) encompassing 320
bone tumor cryoablations (68 spinal) found a nerve-injury
complication rate of 1.8%, although it is unclear how many
cases involved their described thermoprotection techniques
(23,24). Tomasian et al (4) suggested that nerves are more
vulnerable to injury during cryoablation than during RF abla-
tion, as tissue is more sensitive to cold than heat. In this study
(4), all 5 neurologic sequelae occurred after cryoablation.
There are several limitations to the present study. The low
number of postablation neurologic injuries made it difficult to
sufficiently power the study for statistically significant sensi-
tivities. RF ablation and cryoablation were conflated in the
study to increase sample size and introduce generalizability
across ablation modalities, as both are the principal modalities
used for these high-risk ablations near neural structures.
However, their indications are slightly different, which may
introduce confounding. Selection bias was unavoidable, given
that the study is retrospective, and the decision to use IONM
and/or passive and active thermoprotection was at the discre-
tion of the operating interventional radiologist. The study did
not elucidate any significant tumor-to-nerve distance cutoff for
when IONM is recommended, nor a threshold warning criteria
for TCeMEP/SSEP changes that would best reduce risk for
neurologic injury while maintaining treatment efficacy. Both
topics are of interest and may necessitate larger, multicenter
prospective studies. SSEP and motor-evoked potential moni-
toring also have had historically variable sensitivity and
specificity as predictive indications of neural injury, despite
their use in myriad surgical disciplines in the past 40 years.

Despite these limitations, the present study shows a cor-
relation between neurologic sequelae and increased latency
and/or decreased amplitude of SSEPs or an increase in
TCeMEP threshold stimulation during percutaneous abla-
tion procedures of musculoskeletal tumors. Monitoring of
SSEPs and TCeMEPs should be considered in ablations in
which there is concern for neural thermal injury.
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