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Abstract

Background: To study the qualitative efficacy and safety of percutaneous pain management under CT guidance.
The success rate of medical management for chronic pain in long term is very less. This study aids in evaluating the
clinical success rate in each CT-guided pain management procedure we have done.

Results: Among the 60 patients, 39 (65%) were male patients and 21 (35%) were female patients. We did 40 celiac
plexus neurolysis (66.7%), 13 radiofrequency ablations (21.6%), 4 stellate ganglion neurolysis (6.7%), and 3 trigeminal
nerve neurolysis (5%). The average pre-procedural pain score in all the procedures was 7 which was significantly
reduced to 1 in 24 h and 1 and 3 months.

Conclusion: Percutaneous pain management under CT guidance by virtue of its precise needle placement offers
effective pain relief. It has a lower rate of complications, reduces the need for repeat procedures, and ultimately
increases the quality of life.
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Background
Pain is defined as “an unpleasant sensory or emo-
tional experience associated with actual or potential
tissue damage or described in terms of such damage.”
It affects the quality of the patient’s life by affecting
their physical, psychological, and social aspects. The
common causes of excruciating pain are cancer-
related, bone pathology, and neuropathic-related pain.
Opioids are the mainstay of analgesics for chronically
ill patients; however, they are not readily available in
our country to common people; hence, percutaneous
pain management is preferred. Initially, C-arm fluor-
oscopy was used for facet and nerve root blocks using
anatomical landmarks with a large amount of steroid
and/or local anesthetics. Among the various imaging-
guided modalities like fluoroscopy, ultrasound (USG),

and computed tomography (CT) for percutaneous
management of pain, CT-guided procedures have a
lower rate of complications [1]. CT enhances ana-
tomic resolution with a more precise needle tip posi-
tioning. Our study explains the efficacy of immediate
pain relief in patients who have failed medical man-
agement. Percutaneous pain management can be of
two types. They are “block” which is a temporary
process by injecting steroids or long-acting anesthetics
and “neurolysis” which is a near-permanent process
of injecting alcohol.

Methods
Patients
This is a prospective study done from July 2010 to Au-
gust 2013 at our institution. Institutional ethics commit-
tee and informed written consent from patients were
obtained. Sixty patients have an age ranging from 4 to
80 years (mean 43.4 years). The commonest age group in
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our study is the 6th decade followed by the 3rd and 4th
decades. Among the 60 patients selected in our study, 39
(65%) were males and 21 (35%) were females. We in-
cluded patients who had a history of failed medical man-
agement, and they were referred to the Department of
Interventional Radiology. We excluded patients with

deranged coagulation profile and patients benefiting
from medical management.

Pre-treatment patient assessment
The pre-procedural workup included clinical evaluation,
coagulation profile, liver function test, renal function

Fig. 1 Showing the Wong-Baker pain scale used in our study [2]

Fig. 2 a Distance between the point of entry and target region is measured. b The point of entry and the target region are marked in a
transparent sheet against the monitor. c Draw a line joining these two points. d An assistant holding the transparent sheet from the foot end
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test, HIV and HbsAg, and thorough reading of imaging
studies. The pain score evaluation was done by Wong-
Baker’s scale (Fig. 1). It is a self-evaluating scale showing
a series of faces ranging from a happy face at 0, “no
hurt,” to a crying face at 10, “worst pain possible.” The
patient must choose the face that best describes how
they are feeling at that time.

CT-guided needle placement
The patient is placed on the table depending on the ap-
proach. The CT images are acquired for the patient and

the slice showing the appropriate target (lesion) for nee-
dle placement is chosen. The point of entry is chosen on
the image. The table with the patient is moved to the
chosen slice position, and radio-opaque fiducial soaked
in contrast is placed at the point of entry. Check slice is
then acquired. The angle of incidence of the needle is
ascertained (Fig. 2a), the point of entry and target region
are marked (Fig. 2b), and the line connecting those two
points is traced on a transparent film (Fig. 2c). The nee-
dle while being inserted by the operator is seen through
the transparent film held by an assistant from the foot
end (Fig. 2d), who guides the orbital angle of incidence
(Fig. 3). After sterile precautions and under local
anesthesia, the needle is inserted to the desired depth,
and a check scan is performed.

Celiac plexus neurolysis
The celiac plexus is a pair of dense networks of
nerves which is located in the retroperitoneum near
the origins of the celiac and superior mesenteric ar-
teries. It comprises pre-ganglionic sympathetic effer-
ent nerve fibers derived from the greater splanchnic
(T5–T9), lesser splanchnic (T10–T11), and least
splanchnic (T12) nerves; preganglionic parasympa-
thetic efferent fibers from the posterior trunk of the
vagus nerve; and the visceral afferent fibers that carry
nociceptive stimuli from the upper abdominal viscera
(Fig. 4). The left celiac plexus is more caudal in rela-
tion to the right celiac plexus. The right plexus is dif-
ficult to visualize due to its location between IVC and
the right diaphragmatic crus [3]. Common indications

Fig. 3 A view through the transparent sheet. The operator is
inserting the needle along the orbital angle of incidence guided by
an assistant by seeing through the sheet

Fig. 4 Schematic diagram showing the celiac plexus anatomy [3]
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are tumors of the pancreas, stomach, duodenum, and
liver and chronic pancreatitis. A 14-ml mixture of 8
ml of 80% ethanol, 2 ml of 2% lignocaine, 2 ml of
0.5% bupivacaine, and 2 ml of iohexol contrast
medium is injected (Figs. 5, 6, and 7). Pain, diarrhea,
and hypotension are expected to occur in this proced-
ure. Various approaches are mentioned in Table 1.

Retrocrural neurolysis
The retrocrural space is a triangular space located in
the inferior most aspect of the posteromedial thoracic
cavity. It is bounded by the diaphragmatic crura an-
terolaterally and by the distal thoracic and proximal
lumbar vertebral body posteriorly. Retrocrural neuro-
lysis (RN) targets the thoracic splanchnic nerves that

carry pain signals from the celiac plexus to the spinal
cord in the space posterior to the diaphragmatic crura
[5]. The advantage of RN over celiac plexus neuroly-
sis (CPN) is that the retrocrural space is more super-
ficial and less number of structures is traversed (Fig.
8). The complication rates are very low with im-
proved pain relief.

Stellate ganglion neurolysis
The stellate ganglion (cervicothoracic ganglion) is a sym-
pathetic ganglion formed by the fusion of the inferior
cervical ganglion and the first thoracic ganglion. It is lo-
cated at the C7–T1 level anterior to the neck of the 1st
rib, lateral to the longus colli muscle, and posterior to
the vertebral artery (Fig. 9) [4]. Various approaches done

Fig. 5 Celiac plexus block. Schematic (a) and axial CT section post-procedural free flow of contrast (b) of transgastric approach. Schematic (c) and
CT section post-procedural free flow of contrast (d) of transaortic approach

Fig. 6 Celiac plexus block. Schematic (a) and axial CT section (b) post-procedural needle tip (curved arrow) of transdiscal approach. Schematic (c)
and CT section post-procedural free flow of contrast (d) of anterior transhepatic approach
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in our study are shown in Table 2. This procedure is in-
dicated in pain syndromes such as complex regional pain
syndromes, phantom limb pain, reflex sympathetic dys-
trophy, herpes zoster, hyperhidrosis, and pain of the
head and neck and arterial vascular insufficiency (Rey-
naud syndrome, scleroderma, vasospasm, obliterative
vascular diseases, emboli, and trauma). One of the com-
mon complications encountered is injury to the adjacent
vascular structures (vertebral artery, carotid artery, and
internal jugular vein). In pneumothorax, intravascular/
intrathecal injection of local anesthetic can result in
arrhythmia, seizure, and cardiovascular collapse. A mix-
ture of 2 ml of 80% ethanol mixed with 2 ml of bupiva-
caine and 1ml of contrast is prepared. Of the
abovementioned mixture, 1.5 ml is taken and injected
(Figs. 10, 11, and 12) into the target site.

Trigeminal neurolysis
The trigeminal ganglion is contained within the Meckel’s
cavity posterolateral to the cavernous sinus. It has three
divisions: ophthalmic (V1), maxillary (V2), and mandibu-
lar (V3). Motor root fibers are distributed to the man-
dibular division which exits via the foramen ovale (Fig.
14). The ophthalmic nerve and maxillary nerve travel
laterally to the cavernous sinus exiting via the superior
orbital fissure and foramen rotundum, respectively [7].

The main indication for the procedure is the trigeminal
neuralgia. Trigeminal nerve block was performed with
the patient in the supine position with the head placed
in reverse occipitomental position (chin up and neck ex-
tended), turned 30° to the opposite side. The foramen
ovale is identified under CT guidance. CT-guided needle
placement is carried out, and a 22-G spinal needle is ad-
vanced to reach the foramen of the ovale. A 1.5-ml mix-
ture containing 1 ml of 80% alcohol and 0.5 ml
lignocaine with contrast is injected into the foramen
ovale (Fig. 15). Expected complications are abolition of
corneal reflexes causing exposure keratitis and dryness
of eyes and arachnoiditis/meningitis (if accidental injec-
tion of alcohol into the CSF space).

Radiofrequency ablation
Osteiodosteoma (OO) is a benign painful condition
affecting the young population. Surgery has been the
usual method of treating these patients. Resection of
the lesion, with curettage of the perifocal bone,
effected a prompt clinical cure in these cases. Radio-
frequency ablation (RFA) is a simple, minimally inva-
sive, safe, and highly effective technique for the
treatment of OO [8]. CT-guided RFA of osteoid oste-
oma was done under general anesthesia. Grounding

Fig. 7 Schematic diagram showing the tip of needle placement in the celiac plexus (a) and retrocrural (b) neurolysis [4]

Table 1 Shows different approaches and no. of attempts we
did in our study for the celiac plexus

Approaches No. of attempts

Anterior transhepatic 3

Posterior transdiscal 1

Posterior transaortic 1

Table 2 Different approaches and no. of attempts we did in
our study for the stellate ganglion

Approach No. of
attempts

Classic 2

Posterolateral 1

Hydrodissection (to separate the carotid and jugular
veins) (Fig. 13)

1
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Fig. 8 Retrocrural neurolysis. Schematic (a) and axial CT section of the pre-procedure (b) with needle tip in the left retrocrural space and post-
procedural free flow of contrast (c) in the retrocrural space

Fig. 9 Schematic diagram of the stellate ganglion [14]

Fig. 10 Anterior approach in stellate ganglion block for Pancoast tumor. Axial CT section (a) of the pre-procedure showing the needle tip in the
stellate ganglion and post-procedure (b) free flow of contrast (arrowhead) in the stellate ganglion

Fig. 11 Antero-lateral approach in stellate ganglion block. Axial CT section (a) of the pre-procedure showing the needle tip in the stellate
ganglion and post-procedure (b) free flow of contrast (arrowhead) in the stellate ganglion
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pads are put in place away from the point of entry.
The nidus is accessed with a bone biopsy trephine
needle (Murphy’s 11-G needle). The stylet of the nee-
dle is exchanged for a K-wire. Then, the cannula over
the K-wire is removed and is exchanged for an insu-
lated cannula. The K-wire is then removed and ex-
changed for an RF electrode (Starburst SD,
AngioDynamics) which is passed through the insu-
lated cannula and is placed within the nidus (Fig. 16).
The RF electrode is then connected to the RF gener-
ator, and thermal heating is applied at a temperature
of 90 °C for 7–8 min. RFA is the preferred treatment
for extraspinal osteoid osteoma because of the advan-
tages such as quick recovery, no hospitalization, and
free from complications [9].

Aftercare and follow-up
Patients were re-evaluated at regular intervals (24 h, 1
and 3months) over a phone call. Each time, they were
asked to mention their Wong-Baker pain score scale.

Results
The most common procedure in our study was celiac
plexus neurolysis in 40 (66.7%), 13 cases underwent ra-
diofrequency ablation (21.6%), 4 cases stellate ganglion
neurolysis (6.7%), and 3 cases trigeminal nerve neuroly-
sis (5%).
The maximum pre-procedural pain score in all the

procedures was 9 in a patient with chronic pancreatitis
which subsided to a pain score of 0 after 24 h post-celiac
plexus neurolysis. The minimum pre-procedural pain

score was 6 in patients diagnosed with trigeminal neural-
gia, and the pain reduced to 0 after 24 h of trigeminal
neurolysis.
The mean pain score of the pre-procedure, 24 h, and 1

and 3months post-procedure obtained after each percu-
taneous CT-guided neurolysis is outlined in Table 3.
Fifty-four patients out of 60 (90%) showed a total dis-

appearance of their pain over 3 months post-procedure.
Five patients out of 60 (8.4%) showed a marked reduc-
tion in their pain scores.
One patient out of 60 (1.6%) had not responded well

regarding the pain score. This patient (62 years, male)
returned to the department within 2 days after TN, as he
had no relief of pain after 1 day. Hence, a repeat proced-
ure was attempted. Since there was CSF aspirate while
attempting the procedure, the repeat procedure was
abandoned.
A graph showing the mean pain score before and after

24 h and 1 and 3months post-procedure in each CT-
guided pain management. (RN, retrocrural neurolysis;
CPN, celiac plexus neurolysis; SGN, stellate ganglion
neurolysis; TN, trigeminal neurolysis; RFA, radiofre-
quency ablation)

Discussion
Management of pain is the most important issue to be
addressed by the health care system to improve the qual-
ity of individual life. Initial treatment for pain is oral
non-steroidal anti-inflammatory drugs (NSAIDs), corti-
costeroids, and opioids. Despite increased attention to
the assessment and treatment of pain, many barriers still

Fig. 12 Postero-lateral approach in stellate ganglion neurolysis. Axial CT section (a) of the pre-procedure showing the needle tip in the stellate
ganglion and post-procedure (b) free flow of contrast (arrowhead) in the stellate ganglion

Fig. 13 Hydrodissection approach for stellate ganglion neurolysis. Axial CT section showing the a injection of saline (star). b Needle tip passing
through the saline into the stellate ganglion
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exist causing patient dissatisfaction. Historically,
fluoroscopy-guided nerve root block was performed by
palpating anatomical landmarks. However, important
structures such as the vessels and visceral organs along
the path of the needle are not visualized resulting in ser-
ious mortality and morbidity to the patients. CT offers a
better spatial resolution and greater cross-sectional anat-
omy. CT in contrary to fluoroscopy guidance allows pre-
cise needle placement with a minimal complication rate.
The drugs we used are bupivacaine, lignocaine, and

80% ethanol. Anesthetics (bupivacaine and lignocaine)
act by blocking conduction in nociceptive fibers because
of their effects on sodium channels, decreasing sensa-
tions arising from inflamed tissue. Ethanol acts by
destroying the surrounding structure.

We considered the complete or marked relief of pa-
tient’s symptoms without the use of oral medications or
physical therapy within the first 3 months after the pro-
cedure as a “clinical success.”
Retrocrural neurolysis of the splanchnic nerve gave

good results than celiac plexus neurolysis. Later in 2012,
Süleyman et al.’s study concluded that splanchnic nerve
blockade can be an alternative to coeliac plexus block in
patients with advanced body and tail located pancreatic
cancer [10]. In all these patients (n = 33) pain score
remained 0 for 3 months. The clinical success rate was
100% with RN when compared to 85% of CPN.
Two out of 3 patients (66.7%) had a significant reduc-

tion of pain following TN. This was similar to the study
done by Han et al., stating that trigeminal nerve block
with a high concentration of lidocaine (10%) is capable
of achieving an intermediate period of pain relief, par-
ticularly in patients with lower pain and shorter duration
of pain prior to the procedure [11]. One out of 3 pa-
tients (33.3%) had a failed procedure. Three patients en-
countered exposure keratitis which was treated with
topical corticosteroids and eye patch. The clinical suc-
cess rate was only 66.7% for TN.
Radiofrequency ablation of OO was the second

most common procedure in our study where 13 pa-
tients presented with severe pain at different locations
(femur, 7; tibia, 4; lumbar spine, 1) at night. All 13
patients had a pain score of 0 immediately after the
procedure and were completely pain-free even at 3
months after the procedure. Hence, the clinical suc-
cess rate was 100%.
Stellate ganglion neurolysis was done for pain associ-

ated with Pancoast tumor. A clinical success rate of 75%
was found in SN. Hydrodissection was done in one of
our patients to widen the space between the carotid ar-
tery and the internal jugular vein for easy approachabil-
ity of the stellate ganglion.
The limitation of our study is that the number of pa-

tients for neurolysis is less than that for retrocrural neu-
rolysis. In our study, we neither did a comparative study
with ultrasound guidance nor a blind method; however,
we depended on the clinical response of the patients as a

Fig. 14 Divisions of the trigeminal nerve. The arrow shows the
mandibular division exiting via the foramen ovale [6]

Fig. 16 Radiofrequency ablation. Axial section of right femur shows
a the nidus with a thickened cortex. b RF electrode tip noted within
the lesion

Fig. 15 Axial CT section of the skull base with the needle tip at the
foramen ovale (straight arrow)
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qualitative indicator of effectiveness. One theoretical dis-
advantage of CT guidance is the increased radiation dose
involved in the procedure. By using low-dose protocols
and limiting the number of slices acquired, radiation
dose could be significantly reduced, as demonstrated by
Slomczykowski et al. for pedicle screw insertion [13].

Conclusion
Percutaneous pain management under CT guidance by
virtue of its precise needle placement offers effective
pain relief. It has a lower rate of complications, reduces
the need for repeat procedure, and increases the quality
of life.
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