Get Clarity On Generics =) messvs

WATCH VIDEO

AJNR

Postoper ative MRI Evaluation of a
Radiofrequency Cordotomy L esion for
I ntractable Cancer Pain

A. Vedantam, P. Hou, T.L. Chi, K.R Hess, P.M. Dougherty,
E. Brueraand A. Viswanathan

Thisinformationiscurrentas AINRAmMJ Neuroradiol 2017, 38 (4) 835-839

of August 10, 2025.

doi: https://doi.org/10.3174/gjnr.A5100
http://www.ajnr.org/content/38/4/835


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
https://doi.org/10.3174/ajnr.A5100
http://www.ajnr.org/content/38/4/835

ORIGINAL RESEARCH
SPINE

Postoperative MRI Evaluation of a Radiofrequency Cordotomy
Lesion for Intractable Cancer Pain

A. Vedantam, “*P. Hou, ““T.L. Chi, “’K.R Hess, "“'P.M. Dougherty, ““'E. Bruera, and “*A. Viswanathan

ABSTRACT

BACKGROUND AND PURPOSE: There are limited data on the use of postoperative imaging to evaluate the cordotomy lesion. We
aimed to describe the cordotomy lesion by using postoperative MR imaging in patients after percutaneous cordotomy for intrac-
table cancer pain.

MATERIALS AND METHODS: Postoperative MR imaging and clinical outcomes were prospectively obtained for 10 patients after percu-
taneous cordotomy for intractable cancer pain. Area, signal intensity, and location of the lesion were recorded. Clinical outcomes were
measured by using the Visual Analog Scale and the Brief Pain Inventory—Short Form, and correlations with MR imaging metrics were
evaluated.

RESULTS: Ten patients (5 men, 5 women; mean age, 58.5 * 9.6 years) were included in this study. The cordotomy lesion was hyperintense
with central hypointense foci on T2-weighted MR imaging, and it was centered in the anterolateral quadrant at the CI-C2 level. The mean
percentage of total cord area lesioned was 24.9% = 7.9%, and most lesions were centered in the dorsolateral region of the anterolateral
quadrant (66% of the anterolateral quadrant). The number of pial penetrations correlated with the percentage of total cord area that was
lesioned (r = 0.78; 95% Cl, 0.44—0.89; P = .008) and the length of T2-weighted hyperintensity (r = 0.85; 95% Cl, 0.54—0.89; P = .002). No
significant correlations were found between early clinical outcomes and quantitative MR imaging metrics.

CONCLUSIONS: We describe qualitative and quantitative characteristics of a cordotomy lesion on early postoperative MR imaging. The
size and length of the lesion on MR imaging correlate with the number of pial penetrations. Larger studies are needed to further investigate

the clinical correlates of MR imaging metrics after percutaneous cordotomy.

ABBREVIATIONS: ALQ = anterolateral quadrant; PIS = pain intensity score; PSS = pain severity score; VAS = Visual Analog Scale

C ordotomy is a lesion of the spinothalamic tract used to treat
medically refractory pain. Percutaneous cordotomy is most
commonly performed in the upper cervical spine at the C1-C2
level and targets the anterior and lateral spinothalamic tracts,
which ascend in the anterolateral spinal cord." This percutaneous
technique, with either fluoroscopic guidance or an intraproce-
dural CT scan, has become the preferred method for performing
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cordotomy because it requires minimal recovery time and can be
performed during cancer treatment or at advanced stages of disease.””

Although cordotomy leads to effective pain relief in most pa-
tients,” up to 20% of patients may experience only partial or tran-
sient pain relief. These cordotomy failures may be due to incom-
plete ablation of the spinothalamic tract.” At present, there are
limited data on the evaluation of patients with poor outcomes
after percutaneous cordotomy. Prior research has shown great
variability in the size of a radiofrequency lesion despite the same
current flow®; however, the role of postoperative MR imaging to
characterize the cordotomy lesion has not been explored thus far.
Postoperative MR imaging of the cervical spinal cord can visualize
the location and size of the lesion and may explain poor clinical
outcome after cordotomy.

The present study aimed to describe the characteristics and
clinical correlates of the cordotomy lesion by using postoperative
MR imaging in a series of patients who underwent percutaneous
cordotomy for intractable cancer pain.
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MATERIALS AND METHODS

We conducted a prospective study at the University of Texas MD
Anderson Cancer Center, Houston, Texas, for patients with uni-
lateral intractable cancer—related pain below the C5 dermatome
with a pain intensity =4 of 10. These patients are part of a ran-
domized controlled trial, the results of which will be published
separately. All patients underwent a percutaneous CT-guided
cordotomy by the senior author after a detailed preoperative eval-
uation. All patients provided informed consent, and the study was
approved by the institutional review board.

Clinical Evaluation

Preoperative evaluation of pain was assessed with the Visual An-
alog Scale (VAS) score (from 0, no pain, to 10, worst pain) and the
Brief Pain Inventory—Short Form. Postoperative pain was as-
sessed by using the VAS and Brief Pain Inventory—Short Form on
day 7 after the cordotomy. The VAS score represents the average
pain experienced by the patient during the previous 24 hours. The
Brief Pain Inventory—Short Form is a validated and responsive
tool to measure pain outcomes for patients with cancer pain.”®
For the present study, the pain severity score (PSS) of the Brief
Pain Inventory-Short Form (average score for questions 3-6)°
and the pain intensity score (PIS) (average score for questions
9a—g) were used for analysis.

Surgical Technique

A radiofrequency ablation technique (G4 radiofrequency genera-
tor and LCED disposable cordotomy electrode; Cosman Medical,
Burlington, Massachusetts) was used to perform the cordotomies.
Intravenous opioids, benzodiazepines, and either propofol or
dexmedetomidine were used for patient comfort. A myelogram
was performed before the procedure for most patients. Using in-
traprocedural CT guidance, we performed the cordotomy at the
C1-C2 level.

As the spinal needle was advanced into the anterolateral quad-
rant (ALQ) of the spinal cord, multiple, limited, short-segment
axial CT scans were obtained (Fig 1). The radiofrequency elec-
trode with an exposed tip of 2 mm and a diameter of 0.2 mm was
introduced into the spinal cord parenchyma. Intraoperative test-
ing was then performed once the patient was fully awake and
conversant. We ensured that motor stimulation (2 Hz, 100-us
pulse width) did not elicit contractions below 1 V, thereby verify-
ing a safe distance from the corticospinal tracts. We confirmed
physiologic presence within the spinothalamic tract when sensory
stimulation (100 Hz, 100 us) elicited contralateral paresthesias
(optimally in the area of pain), at a voltage less than 0.2 V.

Two-to-4 radiofrequency ablations at 70°C—80°C were per-
formed to lesion the spinothalamic tract. Clinical testing to assess
the development of hypesthesia in the region of pain was per-
formed between ablations. Further ablations were performed if
hypesthesia was not present by clinical examination or if there was
no elevation in the threshold for sensory stimulation. The number
of pial penetrations and ablations performed was recorded for
each patient. The number of pial penetrations exceeded the num-
ber of ablations when a given pial penetration did not elicit spi-
nothalamic tract stimulation or if it led to unwanted corticospinal
tract stimulation.
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FIG1. A, Intraprocedural CT myelogram showing the electrode en-
tering the spinal cord parenchyma in the right anterolateral quadrant.
B, Postoperative axial T2-weighted MR image of the cordotomy le-
sion with overlay of the cord anatomy and anatomic location of the
anterolateral spinothalamic tracts marked (black pattern).

Imaging

MR imaging of the cervical spine was performed on postoperative
day 1. Sagittal and axial T1-weighted, T2-weighted, and contrast-
enhanced images were obtained of the cervical spine on a Discov-
ery wide-bore 750W 3T MR imaging scanner (GE Healthcare,
Milwaukee, Wisconsin) with a maximum 3.3-g/cm gradient with
a cervical spine and neck coil.

For sagittal images, we used a fast spin-echo technique: FOV =
200 mm, matrix = 352 X 256, 4 averages, section thickness = 2.5
mm, gap = 0.3 mm, TR/TE = 4000/110 ms, TR/TE = 650/9 ms
for T2- and T1-weighted imaging, respectively. For axial images,
we used FSE: FOV = 160-180 mm, matrix = 320 X 256, 4 aver-
ages, section thickness = 3.0 mm with a 0.3-mm gap, TR/TE =
4000/110 ms, TR/TE = 650/9 ms for T2- and T1-weighted imag-
ing, respectively. Postcontrast, axial, and sagittal T1 images were
obtained with the same acquisition parameters as for precontrast
images. Acquisition time was between 4 and 5 minutes, depend-
ing on the number of sections covered.

Imaging analysis was performed off-line on OsiriX Imaging
Software, V3.3 (http:// www.osirix-viewer.com) after importing
the DICOM images. Measurement of the lesion area and signal
intensity was performed on axial T2-weighted images. The area of
T2-hyperintensity was marked by using manual ROIs. The entire
cord was divided into 4 quadrants as shown in Fig 2, and the area
in the anterolateral and posterolateral quadrants was measured.
The ALQ was further bisected to determine the proportion of the
lesion in the anteromedial-versus-dorsolateral region. The length
of the lesion was measured on sagittal T2-weighted images. Qual-
itative characteristics of the lesion on T1-weighted and contrast-
enhanced scans were also recorded.



Statistical Analysis

Statistical analysis was performed by using SPSS 20.0 (IBM, Ar-
monk, New York). Descriptive statistics were used to report clin-
ical outcome and quantitative MR imaging metrics. Correlations
between MR imaging metrics, VAS scores, and Brief Pain Inven-
tory—Short Form were performed by using the Spearman corre-
lation. The association between enhancing lesions and the num-
ber of pial penetrations and lesions was studied by using the Fisher
exact test. Means * SDs were reported, and the level of signifi-
cance was set at P < .05.

FIG 2. A, Axial T2-weighted image at the level of the cordotomy
lesion for patient 1 shows the demarcated hyperintense lesion in the
right anterolateral quadrant. B, Midline reference lines and the line
bisecting the anterolateral quadrant show the portion of lesion in
the dorsolateral (x) and ventromedial (y) regions of the anterolateral
quadrant.

RESULTS

We studied 10 consecutive patients (5 men, 5 women; mean age,
58.5 = 9.6 years) who underwent percutaneous cordotomy for
intractable cancer pain (Table). There was a significant improve-
ment in the VAS (5.5 = 2.7, P < .001), PSS (4.8 = 2.2, P < .001),
and PIS scores (6.5 = 1.9, P < .001) on postoperative day 7 com-
pared with the preoperative scores. All patients showed improve-
ment in VAS, PIS, and PSS scores on postoperative day 7. Of the
10 patients included in this study, 8 patients had a VAS pain score
of 0 or 1 on postoperative day 7. Two patients showed improve-
ment in their VAS pain scores but had pain scores of >1 on post-
operative day 7 after cordotomy. All patients had an improvement
in PSS and PIS scores, with most patients (PSS, 60%; PIS, 70%)
having a score of zero on postoperative day 7. Five patients un-
derwent 3 radiofrequency ablations, 4 patients underwent 2 abla-
tions, and 1 patient underwent 4 ablations.

Imaging Findings
The median time between cordotomy and MR imaging was 25.6
hours (range, 7.6-28.9 hours).

Qualitative Data

All lesions were hyperintense with central hypointense foci on
T2-weighted images and were centered in the anterolateral quad-
rant at the C1-C2 level (Figs 3 and 4). On T1-weighted imaging,
the lesion was isointense in 9 patients and hyperintense in 1 pa-
tient. Five patients had contrast enhancement of the lesion, and 4
patients did not have contrast enhancement of the lesion. One
patient did not undergo contrast-enhanced imaging due to an
inability to lie still for this sequence. There was no significant
difference in the median time interval between cordotomy and
MR imaging between patients with enhancing cordotomy lesions
and those without enhancing lesions (25.2 versus 25.6 hours, P =
1.0; Mann-Whitney U test). There was no significant association
between contrast enhancement and the number of lesions (P =
1.0) and the number of pial penetrations (P = .52).

Quantitative Data

The mean lesion area was 0.22 *+ 0.1 cm?, and the mean percent-
age of total cord area that was lesioned was 24.9% * 7.9%. The
mean signal intensity of the lesions was 798.7 = 272.2. The mean
length of the T2-weighted hyperintensity on sagittal imaging was
1.6 = 0.6 cm. The mean percentage of lesions in the anterolateral
quadrant was 59.3% = 13.4%. Most lesions were centered in the

Demographic and imaging data on 10 patients who underwent percutaneous cordotomy for intractable cancer pain

Area of Area of Length of
No. of Pial No. of RF T2W Lesion T2W Lesion T2W
No. Age (yr) Sex Penetrations Ablations (cm?) in ALQ (cm?) Lesion (cm)
1 43 M 3 2 1460 .0800 1.9850
2 66 F 3 3 1880 1150 1.7800
3 54 F 2 2 1360 .0870 11950
4 53 F 2 3 170 .0850 .5480
5 76 M 3 3 .2980 1670 2.3600
6 68 M 2 3 2350 1410 17450
7 61 M 3 2 2460 .0710 1.8200
8 55 F 3 3 .2380 1470 1.9000
9 59 F 2 4 1330 1060 .8200
10 50 M 3 2 .3050 1650 2.1600

Note:—RF indicates radiofrequency; T2W, T2-weighted.

AJNR Am J Neuroradiol 38:835-39  Apr 2017  www.ajnr.org 837



FIG3. A, Sagittal T2-weighted image of the cervical spine for patient
6 shows hyperintensity in the anterior half of the cord at C1-C2. Axial
T2-weighted image (B) shows hyperintensity in the right anterolateral
quadrant. Axial Tl-weighted (C) image with isointense signal in the
lesion and a contrast-enhanced Tl-weighted (D) image with no en-
hancement of the lesion.

FIG4. Sagittal T2-weighted image (A) and axial T2-weighted image (B)
of the cervical spine of patient 4 show hyperintensity with central
hypointensity at CI-C2. Axial TI-weighted (C) and contrast-enhanced
Tl-weighted (D) images show an isointense lesion with peripheral
enhancement.
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dorsolateral region of the ALQ (area = 0.07 * 0.01 cm?, 66% of
the anterolateral quadrant).

The number of pial penetrations correlated with the percent-
age of total cord area that was lesioned (r = 0.78; 95% CI, 0.44—
0.89; P = .008) as well as the length of T2-weighted hyperintensity
(r = 0.85; 95% CI, 0.54—-0.89; P = .002). The number of radio-
frequency ablations correlated with the percentage oflesion in the
ALQ (r = 0.66; 95% CI, 0.0—0.95; P = .04) as well as the area of
the lesion in the ventromedial region of the ALQ (r = 0.72; 95%
CL 0.22-0.95; P = .02).

Clinical Correlations of Quantitative MR Imaging Data
The percentage area of cord lesioned did not correlate with the
change in VAS (r = —0.04; 95% CI, —0.72-0.75; P = .92), PSS
(r=0.18; 95% CI, —0.63-0.82; P = .63), or PIS (r = 0.38; 95%
CI, —0.44-0.86; P = .28) scores at 7 days after the procedure.

The signal intensity in the lesions did not correlate with
changes in the VAS (r = —0.28; 95% CI, —0.77-0.57; P = .44),
PSS (r = —0.01; 95% CI, —0.67-0.72; P = .97), or PIS (r =
—0.02; 95% CI, —0.86-0.67; P = .96) scores at postprocedure
day 7.

Three patients had <20% of total cord area lesioned, and there
was no significant difference for the change in VAS (5.7 = 1.5
versus 5.4 * 3.2, P = 91), PSS (4.3 = 0.87 versus 5.0 &= 2.6, P =
.65), and PIS (5.6 * 1.6 versus 6.9 = 2.1, P = .39) at 7 days
postprocedure for these patients compared with those with
>20% of total cord area lesioned.

DISCUSSION

We report one of the first clinical studies to describe MR imaging
characteristics of the cordotomy lesion created by radiofrequency
ablation. All lesions were hyperintense on T2-weighted imaging,
and most lesions were isointense on T1-weighted imaging. Con-
trast enhancement was seen in 50% of the lesions. The area of the
lesion correlated with the number of pial penetrations and radio-
frequency ablations performed.

There are limited data on the evaluation of patients with poor
outcomes after cordotomy. Inadequate lesioning and the pres-
ence of alternate pain pathways are reported to be responsible for
poor outcomes after cordotomy.” MR imaging can define the an-
atomic location of the lesion, and scalar metrics of the lesion on
T2-weighted imaging correlate with the number of radiofre-
quency ablations. Early changes visualized on MR imaging after
cordotomy may result from edema, demyelination, and axonal
injury created by radiofrequency lesioning.'” Previous authors
have reported similar T2-weighted hyperintensity and central hy-
pointensity after radiofrequency ablation for intracranial tar-
gets'' and after spinal cord ablation in nonhuman models.'? The
central hypointensity on T2-weighted imaging likely represents
parenchymal injury from hemorrhagic coagulative necrosis adja-
cent to the radiofrequency electrode.'” Prior studies have hypo- to
isointense lesions on T1-weighted MR imaging, but we had 1
patient with a hyperintense lesion, which may represent acute-to-
early subacute microhemorrhage within the lesion. The presence
of contrast enhancement, which likely indicates a breach of the
blood-spinal cord barrier, was seen in 5 of 9 patients (55.6%).
Repair of the blood—spinal cord barrier may lead to reduced con-



trast enhancement of the lesion with time."" Although we found
no statistically significant associations for contrast enhancement
of the cordotomy lesion, larger studies are required to determine
the impact of time and the number of lesions on contrast en-
hancement of the cordotomy lesion.

Prior studies have indicated that approximately 20% of the
total cord area must be ablated for acceptable pain outcomes.'*
To further evaluate this finding, we measured the area of the cor-
dotomy lesion on axial T2-weighted MR images. Most patients
had >20% of the total cord area lesioned; however, there was no
statistically significant correlation between lesion area and clinical
outcome in our study. A larger lesion area may not represent
adequate ablation of the spinothalamic tracts. This possibility
highlights the importance of accurate localization of the target
during the cordotomy procedure. Most lesions in the present
study were in the dorsolateral region of the ALQ. This is in agree-
ment with the histopathologic localization of pain pathways by
Lahuerta et al,"* though these authors suggested that more medi-
ally located lesions produce better pain relief. Radiofrequency le-
sions, however, have been shown to vary in size due to differences
in microcirculation and tissue resistance.”'> In this study, we
found that the number of pial penetrations and radiofrequency
ablations was directly correlated with the area of the lesion. Pial
penetrations were events in which the electrode was inserted into
the cord but lesioning was not necessarily performed. Each pial
penetration can create a small degree of trauma to the cord paren-
chyma and possibly edema as well, which may contribute to size of
T2-weighted hyperintensity on postoperative imaging. These
findings are important for surgeons and neurointerventionalists
to consider when evaluating postoperative cordotomy MR
images.

We found that the area and signal intensity of the lesion on
T2-weighted imaging did not correlate with early clinical out-
comes in our study. Although these results need to be verified in a
larger patient population, one possible reason could be that early
T2-weighted changes may not exclusively reflect neural ablation.
Early postoperative imaging, however, can help visualize the lo-
cation of the lesion and perhaps explain unsatisfactory pain out-
comes at follow-up. Also, our protocol offers a practical time
point for imaging because many of these patients are hospitalized
for only 24 hours after the procedure. We did not perform subse-
quent follow-up MR imaging, though this could potentially im-
prove our evaluation of the cordotomy lesion. It is possible that
delayed imaging and the use of advanced MR imaging such as
diffusion tensor imaging may help further investigate microstruc-
tural changes in the spinal cord after ablation.

This study is limited by the small number of patients and
short-term clinical outcomes. Although we show that early post-
operative MR imaging after percutaneous cordotomy is a feasible
technique, it is important to keep scan times short because pa-
tients with intractable cancer pain may not be able to lie still for
prolonged intervals. Overall, we present a description of the cor-
dotomy lesion on early postoperative MR imaging in a prospec-
tive cohort and intend to further explore the utility of this tech-
nique in improving the accuracy of lesioning and predicting
outcome.

CONCLUSIONS

In this study, we characterize early MR imaging features after
percutaneous cordotomy for intractable cancer pain. On early
T2-weighted imaging, the lesions were hyperintense with a central
hypointense focus. Quantitative MR imaging metrics of the cor-
dotomy lesion correlate with the number of radiofrequency abla-
tions; however, these metrics did not correlate with early clinical
outcome. Delayed MR imaging and alternate MRI sequences such
as diffusion tensor imaging may provide more accurate quantifi-
cation of neural ablations.
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