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CT-Guided High-Level Percutaneous Cervical Cordotomy         
for Intractable Cancer Pain

ABSTRACT

to 55 to 95% in later stages (20). The procedure is generally 
useful for unilateral nociceptive pain. 

The percutaneous technique was introduced by Mullan in 
1963 (17). In 1965, Rosomoff et al. used radiofrequency (RF) 
current to produce a lesion (23). Kanpolat described the 
usage of CT-guided HPSCC (5,9). However, the broad use 
of intraspinal narcotics has affected the use of spinal cord 
ablation procedures, but CT-guided percutaneous cervical 
cordotomy (PCC) is still the most effective procedure for 
patients with unilateral intractable pain.

█  INTRODUCTION

Ameliorations in the medicine prolong the life of cancer 
patients. However, as they live longer, more patients 
with malignancy in the terminal stage will probably have 

intractable pain (4). Systemic analgesia provided by narcotics 
is the first choice of treatment for relieving pain generally. If 
the patient does not respond to narcotics, ablative procedures 
such as tractotomy, cordotomy or myelotomy must be 
considered. Cordotomy is generally useful for the patients 
with a limited life expectancy (29). The cancer pain incidence 
ranges from 20 to 50% in all patients in early cancer stages 

AIm: To evaluate the safety and effectiveness of computed tomography-guided high-level percutaneous selective cervical 
cordotomy (CT-guided HPSCC).   
MaterIal and Methods: CT-guided percutaneous procedures were performed in fifty-nine patients between the years 2004-
2013 for cancer pain. Forty-eight patients with cancer-related body pain were treated with CT-guided HPSCC was evaluated 
retrospectively.     
Results: CT-guided HPSCC was performed in 33 male and 15 female patients. The mean age was 49.93 years. The distance 
between skin-dura, anteroposterior diameter and mediolateral diameter was measured as 40 to 71.1 mm, 8 to 88 mm and 8 to 99 
mm respectively. The mean postoperative Karnofsky Performance Score (KPS) was 95. Mean preoperative Visual Analog Scale 
(VAS) score was 9.6, and 3.6 on postoperative day 1. The 6th month follow-up VAS score was 6.8. Preoperative total sleeping 
hours in a 24-hour period were 5.5 hours, which increased in the immediate postoperative period to 8.5 hours. The most common 
pathology treated was bronchogenic carcinoma. Six of the procedures were bilateral and there were no permanent complication 
due to the procedure.   
ConclusIon: CT-guided HPSCC is still very effective, cheap and repetitive procedure for cancer pain. The procedure should 
be performed by experienced surgeons and although there is a hegemony of opioids, the number of surgeons that perform the 
procedure must be increased.        
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The purpose of this study was to evaluate the safety and 
effectiveness of CT-guided HPSCC.

█    MATERIAL and Methods
The clinical and functional outcome of the forty-eight patients 
treated with CT-guided HPSCC between the years 2004-2013 
was evaluated and analyzed.

For study inclusion, patients had to meet the following criteria: 
1) histopathological diagnosis; 2) pain duration ≥ 1 month; 3) 
a KPS > 40; 4) an estimated life expectancy of more than 3 
months; 5) absence of bleeding tendency.

Pain intensity was assessed by the surgeon or the surgical 
team preoperatively using a VAS, and the total duration of sleep 
uninterrupted by pain was recorded. Patients were further 
evaluated using the KPS. Patient postoperative evaluation 
included VAS, total sleeping hours, and pain scale (Scores 
were recorded as I, no pain; II, almost no pain or partial but 
satisfactory pain relief; III, partial, unsatisfactory pain relief; IV, 
same; V, worse) at postoperative day 1 and 6 months (20). 
Patients were also evaluated for possible complications in the 
postoperative period.

CT-guided HPSCC Technique

The surgical procedure was performed as described before by 
Kanpolat et al. (5,6,8,12). The procedure was performed in a 
computed tomography unit. To rule out mass lesions, cranial 
magnetic resonance imaging was performed in all patients. 
The patient was placed on the CT table in the supine position. 
The patient’s head was kept in flexion with the help of a head 
support. CT images with 2 mm slice thickness were used. 
A cordotomy needle (Radionics, Inc, Burlington, Mass) was 
used in all procedures for CT-guided HPSCC procedures. 
The straight electrode was used to make the ablative lesion 
at the lateral spinothalamic tract. Thermocouple sensor at the 
electrode tip measured the temperature to confirm that a lesion 
is truly being made (11). The target of the procedure, lateral 
spinothalamic tract, was located in the anterolateral region of 
the spinal cord at the C1–C2 level. Before the procedure, the 
dimensions of the spinal cord were determined for each patient. 
Iohexol (7–8 mL, 240 mg/mL) was administered 20 to 30 
minutes before the operation intrathecally (5,12). After the local 
anesthetic agent, the cordotomy needle was inserted inferior 
to the mastoid process in the vertical plane perpendicular to 
the axis of the spinal cord (12). The anterolateral part of the 
dura of the spinal canal was the ideal placement of the needle. 
Using repeated slices. the ideal position for cannula was 
determined. The ideal localization of the cannula tip was 1 mm 
anterior to the denticulate ligament for lumbosacral fibers and 
2 to 3 mm anterior to the denticulate ligament for thoracic and 
cervical fibers after the puncture (9,12). The needle was in the 
ideal position if it is nearly perpendicular to the spinal cord. 
After achieving the ideal position of the needle tip, the straight 
electrode (0.27-mm diameter and 2-mm open-tip electrode; 
Radionics, Inc., Burlington, Mass, USA) was inserted (Figure 
1). The functional response was confirmed with impedance 
measurement and stimulation. The impedance was measured 
as 100-200Ω in the cerebrospinal fluid, 300-400Ω in contact 

with the spinal cord and 800-1000Ω inside the spinal cord. 
The patient’s compliance is crucial for this procedure. If the 
electrode is located in the target, 100-Hz stimulation gives a 
response around 0.2 V (12,14). The energy and tip temperature 
of the active electrode were continuously monitored. Motor 
functions, pain perception, and discrimination of hot and cold 
sensation were tested peroperatively and postoperatively. The 
mean duration of procedure was approximately 40 min.

A VAS was used for the pain score, total sleeping hours 
were measured and the KPS was used to determine the 
performance status of the patients.	

█    Results
The procedure was performed in 33 male and 15 female 
patients. Most patients were at the 5th or 6th decade (range,3 
7-71 yr; mean 49.93±11.37 yr). The distance between skin-
dura, anteroposterior diameter and mediolateral diameter was 
measured as 40 to 71.1 mm (mean, 49.8 mm), 8 to 88 mm 
(mean, 15.69 mm), 8 to 99 mm (mean, 21.2 mm) respectively 
at the occiput–C1 level, C1–C2 level (Table I). Surgical 
outcome was evaluated by KPS, and VAS was used for pain 
and sleeping hours (Table II). The mean preoperative KPS 
was 78.1, and the mean postoperative KPS was 95. Mean 
preoperative VAS score was 9.6, and 3.6 on postoperative 
day 1. The 6th months follow-up VAS score was 6.8. Total 
sleeping hours were also significantly improved. Preoperative 
total sleeping hours in a 24-hour period were 5.5 hours, which 
increased in the immediate postoperative period to 8.5 hours. 
Considering the 27 patients that survived more than 6 months, 
the 6 months follow-up mean sleeping hours gradually 
decreased to 7 hours but still remained statistically significant 
compared with the preoperative value (p=0.0002). The most 
common pathology treated was bronchogenic carcinoma 
(41.6 %); other pathologies treated are outlined in Table III.

Transient paresis was observed in one patient after the opera-
tion and ameliorated within one week. Satisfactory hypoes-
thesia was obtained in all patients. Sleep apnea related to the 

Figure 1: Computerized tomography scan showing the needle 
and electrode in their final position.
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procedure was not encountered. Dysesthesia occurred in 7 
patients undergoing cordotomy and persisted in 5 patients, 
but completely resolved by the first month follow-up assess-
ment. One unilateral cordotomy patient had transient urinary 
retention that completely improved after one month. 

█    Discussion
The incidence of cancer and degenerative diseases has 
increased especially during the last decade. Intrathecal 
opioids are the current trend for cancer pain management.   

The concept of sectioning pain-carrying fibers to relieve pain 
was first proposed by Spiller (28). In 80% of patients, pain 
relief can be provided by the application of the WHO guidelines 
and co-analgesics. For patients with midline or bilateral pain, 
continuous spinal infusion techniques are more beneficial for 
further pain control (3). For the remaining 20%, if the pain is 
located unilaterally, cordotomy can be a good option (24,27). 

Pulmonary malignancies, mesothelioma, Pancoast tumors, 
gastrointestinal carcinoma, and metastatic carcinoma are the 
most commonly treated pathologies (13). The procedures have 
also been performed to relieve pain from noncancerous causes 
such as electrical burns, postherpetic neuralgia, tuberculosis, 
phantom limb pain, cauda equina injury, radiculopathy, joint 
pain, arachnoiditis, unsuccessful back surgery, and gunshot 
trauma (2). In this manuscript we only evaluated the patients 
suffering from intractable cancer pain.

CT-guided unilateral or bilateral selective cordotomy may 
control unilateral upper body pain (secondary to lung 
carcinoma, mesothelioma, or Pancoast tumors) and bilateral 
somatic intractable pain in the lower body and extremities 
(1). The somatotropic segmentation of the spinothalamic 
tract provides the opportunity for selective cordotomy and 
is used particularly for bilateral lesioning to denervate the 
sacral and lumbar area (bilateral selective cordotomy) (1). 
Bilateral selective cordotomy is not widely used because of 
the close proximity to the reticulospinal tract and the risk of 
sleep-induced apnea (26). We performed four bilateral CT-
guided HPSCC procedures without causing any pulmonary 
dysfunction. 

Patients with lung mesothelioma and pulmonary carcinoma 
are accepted as high-risk patients for radiographically-guided 
cordotomy. In a prospective study, Price et al. reported that 

Table I: Summary of Data Measured

Minimum Maximum Mean + SD

Skin dura distance (mm)                                      40 71.1 49.8±4.85

Anteroposterior cord diameter (mm) 8 88 15.69 ±21.83

Mediolateral cord diameter (mm) 8 99 21.2±29.2

Table II: Pain Surgery Outcome

Minimum value Maximum value Mean

Karnofsky Performance Scale                                         Preoperative 50 100 78.12±15.12

Immediate postoperative 90 100 95±5.4

Visual Analog Scale                                                                                    Preoperative 7 10 9.6±0.8

Immediate postoperative 0 6 3.9±0.7

Postoperative 6 months 1 8 2.3±0.7

Total sleeping hours                                                                                         Preoperative 1 12 5.5±2.6

Immediate postoperative 5 12 8.5±2.1

Postoperative 6 months 2 8 4.8±0.8

Table III: Pathology of Patients

Pathology Number %

Bronchogenic Ca 20 41.6

Colon Ca 5 10.4

Mesothelioma 4 8.3

Pancoast tumor 4 8.3

Prostate Ca 3 6.2

Mesenchymal sarcoma 3 6.2

Vulva cancer 2 4.1

Rectal cancer 2 4.1

Adenoid cystic carcinoma 2 4.1

Breast cancer 1 2.0

Chordoma 1 2.0

Pharynx cancer 1 2.0
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plications of cordotomy (2,12,28). We observed none of these 
complications in our series.

In Lahuerta’s series of over 100 cases that underwent 
cordotomy, the mortality rate was 6%. Ipsilateral leg weakness 
was observed in 69% and urinary retention in 20% of the 
cases (15). Motor complications ranged from zero to 17% 
in unilateral procedures and permanent urinary disturbances 
were found only after bilateral procedures (22%) in Sindou’s 
review (25). There was one transient urinary retention with 
unilateral cordotomy patient in our series.

Lorenz and Sindou et al. stated that cordotomy is an effective 
procedure, but it carried a risk of 0% to 9% mortality and 
morbidity at their collected series (16,25). Contrary to the 
criticism of Sindou et al., Kanpolat et al. pointed to the 
possibility of repeating the procedure in case of pain relief 
over time (12). There was no mortality in our series.

Kanpolat et al. reported no mortality or major morbidity in 
their large series (12). The authors reported temporary slight 
motor paralysis in 5 (2.4%) cases and also 5 (2.4%) cases 
of temporary ataxia. The only permanent complication was 
postcordotomy dysesthesia in 4 cases (1.9%) reported in 
this series and they reported 92.5% success rate while 
emphasizing the experience of the surgeon (12).

In a literature review, Raslan et al. examined 3601 patients 
and pointed that there were no Class I reports (21). In a 
prospective study, the author reported a statistically significant 
improvement in all outcome measures that compared 
postprocedure pain levels with baseline (20). None of the 
prospective papers or the retrospective cohorts qualified as 
Class II evidence even though the quality of data were higher 
than that of conventional Class III literature (21).

█    conclusıon
CT-guided HPSCC is still very effective, cheap and repeatable 
procedure for cancer pain. The procedure should be performed 
by experienced surgeons. Although there is a hegemony of 
opioids, the number of surgeons that performed the procedure 
must be increased. 
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cordotomy as a safe and well-tolerated procedure even in 
patients with impaired respiratory function tests (19). These 
patients can be treated successfully with the guidance of CT 
(10). There were 24 patients with bronchogenic carcinoma and 
mesothelioma in our series and all tolerated the procedure 
well.

Kanpolat et al. measured the transverse distance as 9.3 to 
14 mm and the anteroposterior distance as 7.0 to 12.8 mm 
(7). Raslan found the skin-dura distance as 43 to 56 mm. We 
measured the distance between the dura and the skin at the 
level of occiput-C1 as 40 to 71.1 mm (mean= 49.8 mm) with 
CT scans (20). 8 to 88 mm was the anteroposterior distance, 
and 8 to 99 mm was the mediolateral cord diameter in our 
series. The differences between the studies may be the result 
of more precise measurements with newer CT machines.

Raslan and Nauta et al. reported an improvement in the mean 
KPS scores after cordotomies and myelotomies in patients 
with cancer pain (18,20). The authors pointed that the KPS 
reflects the overall functional status and as such was not 
measured in subsequent follow-up visits generally because 
other aspects of disease progression not necessarily related 
to pain control may skew results. Similar to the literature, the 
mean preoperative KPS was 78.1 and improved to 95 at early 
postoperative period in our series.

Disadvantages of cordotomy are the limited duration of pain 
relief, with recurrence of symptoms often within 1 year (22). In 
a review of 5770 cases whose pain relief was independently 
evaluated, at least 75% of cancer patients reported pain relief 
for 6 months (28). In a retrospective study, Raslan found a 
statistically significant reduction in VAS after cordotomy that 
sustained during the 6- month follow-up (20). There was a 
significant reduction in VAS in our series (Table IV), in line with 
Raslan’s series. 

Total average sleeping hours increased from 3.25 hours to 7 
hours in the immediate postoperative period and at 6-months 
follow-up. Total sleeping hours were 4.78 hours in Raslan’s 
series (20). Sleeping progressed from 5.5 hours to 7 hours at 
6 months follow-up in our series. 

Ondine’s curse, failure of unconscious respiration after abla-
tion of the reticulospinal tract especially after bilateral selec-
tive cordotomy, ipsilateral motor weakness, ataxia, bladder 
dysfunction, Horner’s syndrome, sexual impotence, unmask-
ing pain on the opposite side of the body, exacerbation of 
pain at other sites and general fatigue are the expected com-

Table IV: Patient Pain Relief Postprocedure

Scale Pain Immediate postoperative Postoperative 6th month
I No pain 35 (72.9%) 21 (43.7%)
II Partial satisfactory pain relief 12 (25.0%) 24 (50.0%)
III Partial nonsatisfactory pain relief 1 (2.0%) 3 (6.2%)
IV No change in pain 0 0
V Worse pain 0 0
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