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ORIGINAL RESEARCH
SPINE

Cervical Cordotomy for Intractable Pain: Do Postoperative
Imaging Features Correlate with Pain Outcomes and Mirror

Pain?
A. Berger, M. Artzi, O. Aizenstein, T. Gonen, R. Tellem, U. Hochberg, D. Ben-Bashat, and I. Strauss

ABSTRACT

BACKGROUND AND PURPOSE: Percutaneous cervical cordotomy offers relief of unilateral intractable oncologic pain. We aimed to
find anatomic and postoperative imaging features that may correlate with clinical outcomes, including pain relief and postoperative
contralateral pain.

MATERIALS AND METHODS: We prospectively followed 15 patients with cancer who underwent cervical cordotomy for intractable
pain during 2018 and 2019 and underwent preoperative and up to 1-month postoperative cervical MR imaging. Lesion volume and diame-
ter were measured on T2-weighted imaging and diffusion tensor imaging (DTI). Lesion mean diffusivity and fractional anisotropy values
were extracted. Pain improvement up to 1 month after surgery was assessed by the Numeric Rating Scale and Brief Pain Inventory.

RESULTS: All patients reported pain relief from 8 (7–10) to 0 (0–4) immediately after surgery (P¼ .001), and 5 patients (33%) devel-
oped contralateral pain. The minimal percentages of the cord lesion volume required for pain relief were 10.0% on T2-weighted
imaging and 6.2% on DTI. Smaller lesions on DWI correlated with pain improvement on the Brief Pain Inventory scale (r ¼ 0.705,
P ¼ .023). Mean diffusivity and fractional anisotropy were significantly lower in the ablated tissue than contralateral nonlesioned
tissue (P ¼ .003 and P ¼ .001, respectively), compatible with acute-phase tissue changes after injury. Minimal postoperative mean
diffusivity values correlated with an improvement of Brief Pain Inventory severity scores (r ¼ �0.821, P ¼ .004). The average lesion
mean diffusivity was lower among patients with postoperative contralateral pain (P ¼ .037).

CONCLUSIONS: Although a minimal ablation size is required during cordotomy, larger lesions do not indicate better outcomes.
DWI metrics changes represent tissue damage after ablation and may correlate with pain outcomes.

ABBREVIATIONS BPI ¼ Brief Pain Inventory; FA ¼ fractional anisotropy; MD ¼ mean diffusivity; RF ¼ radiofrequency; NRS ¼ Numeric Rating Scale; STT ¼
spinothalamic tract; POD ¼ postoperative day

Percutaneous cervical cordotomy is used to selectively disconnect
the nociceptive spinothalamic fibers traveling in the anterolat-

eral quadrant of the spinal cord.1 It offers relief for patients with uni-
lateral intractable oncologic pain below the C4 dermatome level
who have failed conservative treatment.2 Success rates in contempo-
rary series reach nearly 80% with advancing technology, including
combined intraoperative CT guidance and radiofrequency (RF)

tools.3-5 The 2 main reasons for patient dissatisfaction from the pro-
cedure include failure in achieving complete and long-standing pain
relief (up to 20%) and the development of postoperative pain in the
contralateral side (at least 17%).6-8

Previous studies showed that a lesion of at least 20% of the
entire cord and localized in the anterolateral quadrant is neces-
sary to achieve effective pain relief, yet no clear correlation was
found between the size of the lesion and the degree of improve-
ment.9-11 More recent MR imaging– and DWI-based studies
found direct correlations between the degree of the lesion’s mean
diffusivity (MD) as a measurement of local neural damage and
improvement on pain assessment scores after surgery.12 However,
data on the mechanisms behind the postoperative contralateral
pain phenomenon and its predicting factors are still lacking.

We performed this prospective study to analyze potential cor-

relations between clinical responses to surgery, including pain

relief and contralateral pain with several postoperative MR imag-

ing–based parameters, such as the size of the lesions and their
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DWI metrics, including trace, MD, and fractional anisotropy

(FA) measurements.

METHODS
Demographic and Clinical Parameters
We prospectively collected data of patients with intractable onco-
logic pain who underwent cordotomy in our center during 2018
and 2019, focusing on the following parameters: age, sex, cancer
type, original pain side, location, and duration before surgery. All
patients who signed informed consent and underwent pre- and
postoperative MR imaging were included in the study. Their data
were recorded throughout their course of treatment and follow-
up period, and they are reported in this article. We also reviewed
oncologic imaging work-ups to seek lesions that were considered
nonpainful before surgery and that were located along the mid-
line (spine or pelvis) or contralateral to the original painful side.

Patients were asked to fill in pain assessment questionnaires
before and after surgery, including the Numeric Rating Scale
(NRS) and Brief Pain Inventory (BPI) scores. NRS is used to eval-
uate the average degree of pain as it is currently being experi-
enced. The BPI score has been validated for patients with cancer,
and it estimates several aspects of the magnitude of pain out-
comes over a longer time period.13 We measured the relative
decrease in BPI severity score after surgery and present the results
as the percentage of decrease from the preoperative BPI severity
score.

Surgical Technique
Our surgical technique has been previously described.3 In short,
the procedure requires cooperation of the patient for electrophy-
siologic verification of the spinothalamic tract (STT), usually with
mild sedation (remifentanil and propofol) during the initial nee-
dle insertion until dural puncture. Patients are first injected with
8mL of intrathecal iohexol contrast dye (Omnipaque 300 mgI/
mL) by means of either lumbar puncture or direct cervical injec-
tion. We then use O-arm lateral fluoroscopy to insert the needle
into the lateral C1–C2 interspace. Needle location and trajectory
are verified with CT. After the correct angle is achieved, an RF
electrode is introduced through the cannula and slowly advanced
while the impedance is monitored. When the cord has been pene-
trated as indicated by an increase in impedance, we perform
another CT scan to verify the anatomic position of the electrode.
Then electrophysiologic monitoring testing with both motor and

sensory stimulation is used to confirm
proper electrode location inside the spi-
nothalamic tract. After this has been
accomplished, a test lesion is created at
60° for 30 seconds while simultaneously
monitoring motor strength. A perma-
nent lesion is then created at 80° for 60
seconds. If the painful area is not com-
pletely covered, additional lesions are of-
ten created in the same manner after
gentle repositioning of the electrode
until satisfactory pain relief is achieved.
The procedure usually involves more
than 1 pial penetration (median, 4;

range, 2–10) to find the optimal target and usually more than 1
ablation to achieve satisfactory pain relief (median, 3; range, 2–5).
The electrode is repositioned either anteroposteriorly or medio-
laterally, according to the findings of intraoperative stimulation.
The STT is organized in the cervical spinal cord with the fibers
from the leg located posterolaterally and fibers from the hand
and shoulder located more anteromedially.

Imaging
Patients underwent MR imaging of the cervical spine before and
again 1–2 days after the procedure (n¼ 15). They were also
scheduled to undergo an MR imaging 1month after surgery, but
only 5 of them were able to do so because of the complexity of
their condition. Scans were performed on a 3T MR imaging scan-
ner (Magnetom Prisma; Siemens) and included axial turbo spin-
echo T2-weighted imaging with TR of 5080 ms, echo time TE of
90 ms, and voxel dimensions of 0.56 � 0.56 � 3.3 mm3. Also
included was diffusion tensor imaging (DTI) acquired with TR of
10,000 ms, TE of 69ms, with 24 gradient directions, b-values of
0,1000 s/mm2, and voxel dimensions of 0.65 � 0.65 � 3mm3.
Transverse slices were set to cover the C1–C7 vertebral levels. To
minimize possible deviations between pre- and postoperative MR
imaging that might result from differences in angulation of the
axial slices or orientation of the neck, examinations were per-
formed by the same technician and in the same clinical setting.

Image Analysis
Imaging analysis was performed using FMRIB Software Library
(http://www.fmrib.ox.ac.uk/fsl) and Analyze (version 11.0;
AnalyzeDirect) software. It included manual-based segmentation
of the hyperintense lesion area and the spinal cord that delineates
it by means of AnalyzeDirect separately for the T2-weighted
imaging (Fig 1) and diffusion trace images. Segmentation was
performed on axial images using a semiautomatic threshold-
based algorithm (region of interest module). Segmentation was
initiated by manually setting a seed point at the hyperintense
lesion area or at the lesioned cord on the trace image and man-
ually adapting the threshold range. Semiautomatic segmentation
of the region of interest by means of a threshold-based algorithm
instead of manual segmentation is expected to minimize the
effects of partial volume averaging. The following numeric pa-
rameters were extracted based on the extracted lesion area: lesion
volume (in cc), lesion-to-cord ratio (in percentages) at the level

FIG 1. Manual-based segmentation of the hyperintense lesion area (blue) and the spinal cord
that delineates it (gray) based on T2-weighted imaging.
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of ablation, and largest in-plane axial (minor axis) and sagittal
(major axis) lengths (in millimeters).

Last, we measured the minimal, maximal, and average MD
and FA values of the lesions’ DWI areas (Fig 2) and of the nonle-
sioned cord as measured contralateral to the side of the lesion on
postoperative DTI. In addition, we measured preoperative MD
and FA on DTI of the future lesion’s area on the same anatomic
cervical segment.

Statistical Analysis
Statistical procedures were performed with SPSS 21.0 software
(IBM).

Categoric characteristics of patients with and without postop-
erative contralateral pain were compared using the Fisher exact
test. Comparison of continuous variables between unrelated sam-
ples was performed using the Mann-Whitney U test, and the
Wilcoxon test was used for related samples. Correlations between
continuous study parameters were performed with the Spearman
correlation. Analyses were performed by nonparametric tests
because of the small sample size and the fact that several parame-
ters did not show normal distribution on normality tests. A P
value,.05 (2-sided) was considered statistically significant.

This study was approved by the institutional review board.

RESULTS
Clinical and Demographic Data
Twenty patients with cancer underwent percutaneous cervical
cordotomy as part of a prospective trial in our center between
February 2018 and July 2019. Five patients were excluded from
this study because they could not undergo preoperative MR
imaging because of pain or general fatigue. The mean age of our
study population was 65 6 9 years. The Online Supplemental
Data describe individual demographic, clinical, and imaging pa-
rameters of the study group. All 15 patients had localized unilat-
eral intractable pain. The average duration of pain before surgery
was 10 6 7months. Four patients (27%) had pain in the upper
extremities and 11 in the lower part of the body (73%). Most
patients mainly had tumor-associated nociceptive pain, but 1
patient with sciatic malignant peripheral nerve sheath tumor also
had painful plexopathy. One patient died from a general deterio-
ration associated with his primary disease within 1month after

surgery; therefore, only relatively short-
term postoperative data are available for
that patient.

Imaging Data
All lesions were hyperintense on T2-
weighted imaging sequences with an av-
erage volume of 0.28 6 0.13 cc and 19%
6 8% of the total cord volume at the
level of ablation. Lesions on diffusion
trace images were smaller and measured
0.08 6 0.05 cc and 15% 6 9% of the
total cord volume at the same level. The
average percentages of the lesioned
cross-sectional area of the cord on T2-
weighted imaging and diffusion trace

images were 24% 6 8% and 26% 6 8%, respectively. The mean
major axis (sagittal) length on T2-weighted imaging and trace
images was 156 1.8mm and 7.66 1.8mm, respectively.

The average MD and FA of the measured lesions were
0.905 6 0.216 10�3 mm2/s and 0.4066 0.07 a.u. (arbitrary unit),
respectively (Online Supplemental Data).

Clinical Outcomes and Imaging Correlations
All 20 patients reported a substantial improvement in the original
pain intensity immediately after surgery: the median preoperative
NRS was 8 (range 7–10) compared with the postoperative NRS of
0 (0–4) (P ¼ .001). One month after surgery, 1/14 surviving
patients had pain in the original distribution of a similar intensity
as the preoperative levels. The other 13 patients reported a com-
plete or near-complete resolution of the original pain.

The average percentages of the ablated cord’s cross-sectional
area were 22.1% 6 7.6% and 26.4% 6 8.0% on the T2-weighted
imaging and diffusion trace images, respectively, for the group of
patients who survived 1month after surgery. The minimal lesion
volumes that achieved adequate pain response were 13.4% and 9.6%
for T2-weighted imaging and the diffusion trace images, respec-
tively. The average volumes of the lesioned cord on the T2-weighted
imaging and diffusion images were 0.3 6 0.1 cc and 0.1 6 0.05 cc,
which respectively included 17.8%6 6.9% and 14.4%6 8.3% of the
cord’s volume at the ablated segments. The minimal volumes were
0.15 cc and 0.03 cc, including 10.0% and 6.2% of the cord’s volume
on T2-weighted imaging and diffusion images, respectively. No sig-
nificant differences were noted in the degree of 1-month postopera-
tive decrease in NRS when comparing patients with ablation below
or above 20% of the cord’s T2-weighted imaging cross-sectional
area (8 6 1, n¼ 5 and 8 6 3, n¼ 9, respectively; P ¼ .518).
Similarly, no significant differences between the groups were noted
when diffusion was used (P¼ .635).

Ten patients completed BPI questionnaires and reported a
significant improvement in pain severity scores, from 28 6 6
before surgery to 18 6 13 at 1month after surgery (P ¼ .022).
We measured the relative decrease in the BPI severity score after
surgery as the percentage of decrease from the preoperative BPI
severity score. There was a correlation between the minor axis
(in-plane, axial) length of the lesion on diffusion trace images
and the change in BPI severity score (r¼ 0.827, P ¼ .003): the

FIG 2. Postoperative MR imaging findings 1 day after cervical cordotomy. Red arrows indicate
the cordotomy ablation. A, Sagittal T2-weighted imaging. B, Axial T2-weighted imaging. C and D,
Axial diffusion trace images.
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shorter the lesion, the greater was the relative (percent) decrease
in BPI severity score after surgery. Similarly, a possible correla-
tion was demonstrated between the change in BPI severity and
the major axis (sagittal) length of the lesion on diffusion trace
images (r ¼ 0.705, P¼ .023) (Fig 3).

In addition, we evaluated the correlation between the size of
the lesion on the postoperative MR imaging and the number of
pial penetrations and the number of ablations during surgery.
The results showed a significant correlation between the major
axis (sagittal) length of the lesion on T2-weighted imaging and

the number of penetrations (r¼ 0.566, P ¼ .028). There were no
additional significant correlations between any of the other imag-
ing parameters and the number of pial penetrations or ablations.

Furthermore, we measured each lesion’s minimal, maximal,
and average MD and FA on the pre- and postoperative DTI stud-
ies. The postoperative MD was significantly lower at the site of the
lesion compared with the preoperative MD values of the same area
(0.947 6 0.213 � 10�3 mm2/s and 1.125 6 0.304 � 10�3 mm2/s,
respectively; P ¼ .023). Postoperatively, the lesion’s MD was also
significantly lower than the nonlesioned cord on the contralateral
side (1.1216 0.259 � 10�3 mm2/s; P ¼ .003). The lesion’s FA val-
ues (0.406 6 69) were significantly lower than the preoperative val-
ues of the normal cervical cord at the same segment (0.6036 0.145;
P¼ .001) as well as the contralateral nonlesioned cord values on the
postoperative scan (0.5656 0.130; P¼ .001).

Interestingly, patients with higher minimal MD values had
improved postoperative BPI severity scores. The minimal MD
correlated significantly with a greater relative decrease in the BPI
severity score (r ¼ �0.821, P ¼ .004). A higher average MD
showed a tendency toward similar trends, but results were not
statistically significant (r ¼ �0.450, P ¼ .192). No significant
association was demonstrated between either minimal, maximal,
or average FA and changes in postoperative BPI severity
(r ¼ �0.148, P ¼ .688; r ¼ 0.255, P ¼ .476; and r ¼ 0.292, P ¼
.413, respectively) (Table 1).

Lesion Parameters Over Time
Five patients were able to undergo a repeat MR imaging 1month
after surgery. The lesion volume on T2-weighted imaging signifi-
cantly decreased from 0.25 cc 6 0.06 cc on postoperative day 1
(POD 1) to 0.05 cc 6 0.02 cc 1month later (P ¼ .043). The lesion
volume on diffusion images decreased nonsignificantly, from 0.08
cc 6 0.04 cc to 0.05 cc 6 0.03 cc over 1month (P ¼ .066).
However, the lesion’s percentage of the cord’s cross-sectional area
on T2-weighted imaging and diffusion decreased significantly,
from 21.5 6 5.4 to 14.2 6 3.2 (P ¼ .043) and from 24.11 6 12.77
to 13.196 7.71 (P¼ .043), respectively.

The sagittal length (major axis) on T2-weighted imaging
decreased significantly, from 12.8 mm 6 2.4mm on POD 1 to

FIG 3. Spearman correlation between percentage of change in BPI 1
month after cordotomy and the following values: A, Ablation size
of minor axis (in-plane, axial) on diffusion trace images, (r ¼ 0.827,
P ¼ .003). B, Major axis (sagittal) length on diffusion trace images (r ¼
0.705, P ¼ .023). C, Lesion minimal MD, 10–3 mm2/s (r ¼ �0.821,
P¼ .004).

Table 1: Change in BPI after cordotomy and its correlation with
different postoperative imaging characteristics

% BPI Change Correlation
(n= 10/15)

Spearman
Rho

Significance
(2-Tailed)

T2-weighted imaging total cord, % �0.091 .802
Diffusion, total cord, % 0.590 .073
Major axis (sagittal), T2-weighted

imaging, mm
�0.529 .116

Minor axis (in-plane, axial), T2-
weighted imaging, mm

�0.091 .802

Major axis (sagittal), DWI, mm 0.705 .023
Minor axis (in-plane, axial), DWI, mm 0.827 .003
Minimal MD �0.821 .004
Maximal MD �0.091 .802
Average MD �0.450 .192
Minimal FA �0.148 .688
Maximal FA 0.255 .476
Average FA 0.292 .413

4 Berger � 2021 www.ajnr.org



8.8 mm6 0.8mm 1month later (P¼ .043). The lesion’s in-plane
axial length (minor axis) on diffusion decreased significantly,
from 5.26 0.98mm to 4.66 1.0mm (P¼ .043). We did not find
any significant differences when we compared the lesion’s sagittal
length on diffusion or axial length on T2-weighted imaging
between the POD 1 and the 1-month postoperative MRIs (P ¼
.08 and P ¼ .08, respectively). The MD showed a nonsignificant
increase from 0.9266 0.251 to 1.0706 0.285 � 10�3 mm2/s; P¼
.08). We found no significant changes in FA from POD 1 to
1month after surgery (0.409 6 0.083 and 0.361 6 0.063, respec-
tively; P¼ .225).

Contralateral Pain
Pain contralateral to the original one appeared immediately after
surgery in 5 of the 15 patients (33%), which, with 1 exception,
was considered less severe than the original one. We did not
detect any significant differences between patients with and those
without immediate postoperative contralateral pain in terms of
lesion volume or percentage of the involved cord (P ¼ .270 and
P ¼ .999 for T2-weighted imaging and DWI, respectively). The
MD was significantly lower among patients with contralateral
pain (P ¼ .037), but the FA showed no significant association (P
¼ .903) (Table 2).

Three patients in our cohort had clear preoperative documen-
tation of metastatic lesions contralateral to the side of the origi-
nally painful lesion. All 3 had relief of their original pain, but 2 of
them developed postoperative contralateral pain. Eight patients
had lesions that were assumed to at least partially involve midline
structures. However, because of their frailty, we were unable to
obtain more recent adequate oncologic imaging data from all 15
patients.

One month after surgery, 9/14 (64%) reported developing
contralateral pain, which was as severe as the original pain in 1
patient. Six of these 9 patients (66%) required medical treatment
for relief of the contralateral pain. Of note, 8 of them had tumors
along the midline or on the contralateral side that could be the
cause of the new contralateral pain.

DISCUSSION
In this prospective study, we characterized the postoperative
changes on MR imaging studies after percutaneous RF cordot-
omy. We further examined the correlations between postcordot-
omy diffusivity and T2 MR imaging changes and 2 clinical
outcomes, pain improvement and the development of contralat-
eral pain. In addition, we observed the evolution of the imaging
characteristics of the ablated area up to 1month from
surgery. We hypothesize that postoperative parenchymal

imaging changes could reflect intrao-
perative events, and after correlating
such changes to clinical results, we
might therefore be able to search for
ways to improve surgical technique
and outcomes.

It has been previously shown that
ablation of at least 20% of the cord is
required to achieve optimal pain improve-
ment after cordotomy.9 However, these

numbers derive from a histology-based cohort from the 1990s, and
they were based on older surgical techniques that were associated
with relatively lower success and safety profiles. That report was later
challenged by a more contemporary series by Vedantam et al,10 who
showed similar degrees of pain relief when comparing patients with
ablations above and below 20% of the cord-cross sectional area, as
represented by postoperative T2-weighted MR imaging. Similarly,
our current study did not detect any significant differences in the
decrease in NRS between patients with lesions below or above 20%
of the cord’s cross-sectional area based on both T2-weighted imag-
ing and DWI. Lesions encompassing as low as 13% of the cord’s
cross-sectional area achieved excellent and long-term pain control.
Therefore, our findings agree with the conclusions of Vedantam et
al,10 who stated that larger lesions do not necessarily represent
adequate ablation of the STT. In fact, we showed that smaller lesions
on diffusion imaging correlated with greater improvement on the
BPI severity score, probably signifying better intraoperative localiza-
tion of the STT while sparing the need for repeated repositioning of
the electrodes (Table 1, Fig 3). This is also explained by the fact that,
as was previously shown and in accordance with our results, the size
of the lesions on postcordotomy T2-weighted imaging directly cor-
relates with the number of pial penetrations.10 We believe that more
accurate localization of the STT, based on improved imaging and
neurophysiologic techniques, may decrease the need for unnecessary
repeated positioning of the electrodes and result in smaller surgical
lesions and better pain control outcomes.

To our knowledge, this is the first study to describe the evolu-
tion of the imaging characteristics of cordotomy ablated areas up
to 1month after surgery. Our results showed that the lesions’ per-
centage of the cord’s cross-sectional areas on both T2-weighted
imaging and diffusion imaging decreased significantly from
POD1 to 1month after surgery. Because only 5 patients were able
to arrive for the scheduled 1-month postoperative MR imaging,
we were not able to search for potential correlations between the
lesions’ dynamics and clinical outcomes at this point. We are cur-
rently gathering more data on this topic.

Furthermore, we analyzed the MD and FA values of the lesion
on DTI. Whereas MD quantifies the diffusion of water molecules
within tissues, FA estimates the degree of tissue organization.
Overall, these parameters may indicate the degree of tissue injury,
as was previously shown in patients after cordotomy and patients
with spinal injuries.12,14-16

Similar to previous reports, FA was significantly lower in the
lesioned side of the cord compared with the nonlesioned side.12

Our study also demonstrated a significant decrease in tissue FA
of the targeted cervical cord area from pre- to postoperative DTI.
FA values did not change at 1month after surgery (P ¼ .225).

Table 2: Imaging characteristics of patients with and without immediate postoperative
contralateral pain

POD 1 Contralateral Pain Yes 5/15 No 10/15 Sig.
Pain side, right, n (%) 2 (40%) 6 (60%) .608
T2-weighted imaging total cord, % 17.46 6 10.27 20.10 6 7.91 .270
Diffusion, total cord, % 14.60 6 7.60 15.67 6 9.65 .999
MD 0.804 6 0.98 1.019 6 0.222 .037
FA 0.402 6 0.07 0.408 6 0.073 .903

Note:—Sig indicates significance.
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Tissue FA decreased after neuronal tissue ablation because of dis-
ruption of axons that are aligned longitudinally, as was previously
shown in studies of spinal cord injuries.17,18 Decreased FA has
been associated with impaired white matter microstructure,
including myelin damage, increased axonal diameter, low axonal
attenuation, and impaired cellular membrane.19,20 In addition,
we found significantly lower MD values in the lesioned area com-
pared with the nonlesioned cord on the contralateral side. The
lesion’s MD was also significantly lower compared with the same
area’s MD on preoperative imaging. We then observed a non-
significant increase in the lesion’s MD at 1month after surgery (P
¼ .08). These results represent acute changes that typically follow
sudden neural tissue insults, such as trauma or ischemic
stroke.17,18,21 MD is initially decreased within the first few hours
because of restriction of the movement of water molecules in the
intracellular compartment. MD is later increased after the disrup-
tion of tissue barriers and the formation of necrotic tissue, but FA
often stays decreased because of permanent axonal disruption.21

Interestingly, we found a significant correlation between the
lesions’minimal MD values on postoperative scans and improved
BPI severity scores after cordotomy. Average MD values showed
a similar trend in relation to BPI severity, but the correlation was
nonsignificant. No significant correlations were seen between FA
values and changes in BPI after surgery. Our results are therefore
in line with a previous study that found a correlation between the
lesions’ MD (but not FA) and the degree of improvement in the
1-week postoperative BPI severity score.12 A higher MD is
believed to be associated with cellular edema, demyelination, and
disruption of membranes, which follow RF ablation.12 Therefore,
although MD values on immediate postoperative MR imaging
are generally lower in the ablated area compared with nonle-
sioned tissue, higher MD values may, in fact, indicate better abla-
tion of the neural tissue during cordotomy.

The development of contralateral pain after unilateral cordot-
omy has been reported in 17%–73% of patients.3,6-8 This type of
pain is commonly reported as less severe when compared with
the original one and is usually well controlled with pain medica-
tions. The mechanisms behind this phenomenon are still contro-
versial because it is often difficult to differentiate between pure
new-onset mirror pain and pain that is related to an underlying
midline or contralateral disease. It is believed that pure mirror-
image pain is a type of referred pain resulting from chronic
changes in the spinal cord circuitry, coupled with disinhibition
following ablation of descending pain inhibitory pathways.7 In
our study, pain in the contralateral side appeared immediately af-
ter surgery in 33% of the cases and increased to 64% within 1
month after surgery. In most cases, this new pain was signifi-
cantly less severe than the original one. We did not find any sig-
nificant impact of the size of the lesion on the occurrence of
immediate postoperative contralateral pain. However, patients
who developed postoperative contralateral pain had lower MD
on their immediate postoperative MR imaging.

Even though our patients were not asked to undergo preoper-
ative total-body imaging, we assume that at least some of them
harbored nonpainful metastatic lesions involving midline axial or
contralateral structures. Previous reports emphasized the role of
the dorsal columns in transmitting visceral and potentially also

midline axial pain. They mentioned the higher effectiveness
of midline myelotomy (either thoracic or cervical) in eliminating
midline pain compared with anterolateral cordotomy.22-24 It is
therefore plausible that pain transmitted from silent midline spi-
nal or pelvic tumors could potentially reach the surface after
eliminating the more dominant original pain by unilateral cor-
dotomy and contribute to the contralateral pain phenomenon.
We plan to gather more preoperative total-body imaging data to
investigate the correlation between the distribution of nonpainful
metastatic spread, the ablation’s anatomic characteristics, and the
contralateral pain phenomenon.

Limitations
The main limitation of this study is its small cohort size.
Additional correlations between different factors, including sub-
group analyses, would have been possible with a larger patient
population. Furthermore, pre- and 1-month postoperative BPI
questionnaires were available for only 10/15 of the patients,
mainly because of the medical and psychosocial complexity of
our patients, as well as clinical deterioration and even death.
Having more data derived from this well-validated tool would
allow a better quantification of the studied associations.13 In addi-
tion, our imaging studies were performed within 24hours after
surgery. The patients’ complex conditions made it too difficult to
bring them back for a 1-month follow-up MR imaging study in
parallel to the clinical evaluation. Therefore, we are currently
working on increasing our data to analyze whether changes in
diffusionMD values and the size of the lesions over time correlate
with clinical outcomes.

CONCLUSIONS
The results of this study suggest that postoperative MR imaging
has a role in predicting clinical outcomes after cordotomy. Even
though a minimal size of ablation is required, larger lesions do not
necessarily indicate better outcomes. Smaller lesions may signify
better intraoperative localization of the spinothalamic tract and are
correlated with better outcomes. Changes in MD and FA values
represent neural tissue damage after ablation, and increased lesion
MD values may be linked to better clinical response.

Disclosure: Ido Strauss—RELATED: Grant: European Society for Stereotactic and
Functional Neurosurgery.* *Money paid to institution.
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