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Background/Aims: In most instances of abdominal pain associated with pancreatic cancer, 
pain may become refractory to increasing doses of narcotics. Celiac plexus neurolysis 
represents an option; however, altered celiac plexus anatomy may render this treatment 
infeasible or ineffective, where splanchnic nerve neurolysis may represent another option. 
This study aimed to investigate the outcomes of splanchnic neurolysis in pancreatic cancer 
patients not responsive to celiac plexus neurolysis.
Patients and Methods: Among all 84 patients who underwent celiac plexus neurolysis for 
pancreatic cancer pain during the study period, 34 patients did not respond and underwent 
splanchnic nerve neurolysis under fluoroscopic guidance and thus included in this retro-
spective study. Stage IV, III, and II disease was present in 38.2%, 47.1%, and 14.7% of the 
patients. During the study, 88.2% were receiving chemotherapy, whereas none were on 
radiotherapy. Data for daily narcotic dose equivalents and Visual Analogue Scale (VAS) 
scores during outpatient visits at baseline, 2 weeks, 2 months, and 3 months were extracted.
Results: Pain response rates were 76.5%, 84.4%, and 71.0%, at 2 weeks, 2 months, and 3 
months, respectively. A significant and dramatic reduction was seen in VAS scores at 2 
weeks (2.8±1.2 versus 6.3±1.1, p<0.001), and this significant decline was maintained for 3 
months. Similarly, a significant and dramatic reduction was seen in daily narcotic need at 2 
weeks (20.8±32.9 versus 93.4±86.2 mg, p<0.001), which was also maintained during the 
3-month follow-up. The procedure was generally well tolerated.
Conclusion: Findings of this study suggest that splanchnic neurolysis represents a durable 
and effective option for pain control in pancreatic cancer patients in whom the neurolysis of 
the celiac plexus is ineffective. However, these conclusions refer to only preliminary single- 
center results in a selected patient group; thus, further large studies are warranted.
Keywords: pancreatic cancer, pain control, splanchnic neurolysis, celiac plexus neurolysis

Plain Language Summary
Pain is a common symptom in pancreatic cancer. It is usually difficult to control and has 
a negative impact on the lives of the patients. In most instances, pain may even become 
refractory to increasing doses of narcotics, which may lead to narcotics-related side 
effects.

Splanchnic nerve carries sensory signals from the organs and thus has a role in the 
transmission of pain signals to the central nervous system in pancreatic cancer. In this 
study, we examined the effects of splanchnic neurolysis (chemical degeneration of the 
nerve) on the relief of pancreatic cancer pain among 34 patients in whom other options 
failed.
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A dramatic reduction was seen in pain intensity and narcotic 
need shortly after the treatment, which was maintained during the 
3-month follow-up. In addition, the procedure was well tolerated.

We believe that splanchnic neurolysis treatment represents 
a durable and effective option for pain control in pancreatic 
cancer patients in whom other treatments are ineffective.

Introduction
Pancreatic cancer is a treatment-resistant malignancy that 
represents the seventh most frequent cause of cancer 
deaths in the developed world.1 Abdominal pain asso-
ciated with pancreatic cancer is a common complication 
leading to reduced patient performance and survival.2,3 

Pain is the third most common symptom (72%) after 
weight loss (92%) and jaundice (82%) in patients with 
cancer of the head of pancreas, while it is the second 
most common symptom occurring in 87% of the patients 
in cancers involving the corpus and tail.2,3

As stated in the cancer pain ladder developed by the 
World Health Organization (WHO), opioid-containing sys-
temic analgesics are used as the initial choice of therapy 
for the management of pain associated with pancreatic 
cancer.4,5 However, in most instances, pain may even 
become refractory to increasing doses of narcotics, which 
may lead to opioid-related side effects.6–8

Neurolytic block is an invaluable therapeutic approach 
for managing patients with resistant pain, and particularly in 
those with advanced cancer.9–14 Neurolytic interventions can 
be performed using neurolytic agents such as phenol or 
alcohol, which block pain signals in pain-eliciting nervous 
tissues by causing Wallerian degeneration. Neurolysis of the 
celiac plexus is known to be effective for the management of 
pain due to upper gastrointestinal malignancies.9–14 Most 
studies and reviews of celiac plexus block showed excellent 
pain control in carefully selected patients, with additional 
advantages of reduced opioid burden and increased quality 
of life.9–14 On the other hand, a number of factors such as 
surgery involving the gastrointestinal system, underlying 
malignancy, or enlarged celiac lymph nodes may alter the 
normal anatomy of the celiac plexus, leading to reduced 
access to celiac ganglia or inadequate diffusion of the neuro-
lytic agents into tissues.15,16 Therefore, in painful malignan-
cies affecting the upper abdomen infeasible for neurolysis of 
the celiac plexus due to distorted anatomy of the celiac lymph 
nodes as shown by radiological imaging, successful results 
have been attained by splanchnic neurolysis performed under 
fluoroscopic guidance.17 Major indications for the neurolysis 
of the celiac plexus include tolerance to narcotic agents and 

the need to avoid their side effects. When unsuccessful 
neurolysis of the celiac plexus is complicated by the presence 
of narcotic tolerance and side effects, management of the 
pain due to pancreatic cancer becomes even more 
challenging.

Under these circumstances, neurolysis of the splanch-
nic nerve may serve as a viable alternative when the 
traditional celiac plexus neurolysis fails, due to the distant 
location of this nerve from the primary anatomical source 
of the pain (ie the pancreas), site of surgery, or enlarged 
lymph nodes. Furthermore, some studies even suggested 
a higher efficacy of splanchnic neurolysis than celiac 
plexus neurolysis.18 Also, radiofrequency ablation of the 
splanchnic nerves is another therapeutic option, although it 
is rarely used.19

This study investigated whether splanchnic neurolysis 
may be a therapeutic option for patients with pancreatic 
cancer pain in whom neurolysis of the celiac plexus has 
failed.

Patients and Methods
Patients
A total of 34 patients who attended to our unit between 
March 2015 and August 2019 and underwent splanchnic 
nerve neurolysis under fluoroscopic guidance due to insuf-
ficient pain control after celiac plexus neurolysis were 
included in this study. During that period, a total of 84 
celiac plexus neurolysis were done for pain due to pan-
creatic cancer, with a response rate of 59.5%. All patients 
that did not respond (n=34) underwent splanchnic neuro-
lysis (40.5%). In our clinic, a total of 163 pancreatic 
cancer patients underwent splanchnic neurolysis procedure 
for pancreatic cancer during that period, 34 for inadequate 
pain control after celiac neurolysis (patients in this study), 
the remaining were done as first-line treatment.

Patients’ medical records were evaluated retrospec-
tively. Inclusion criteria were as follows: a diagnosis of 
pancreatic cancer, persistent and moderate to severe upper 
abdominal pain (Visual Analogue Scale (VAS) score ≥4), 
unresponsive to opioids or intolerable opioid-related side 
effects, and failure of a single attempt of celiac plexus 
neurolysis defined as insufficient pain control in up to 2–3 
weeks after the intervention.

Transdermal therapeutic system patch releasing 25 to 
100 µg of fentanyl per hour in combination with adjuvant 
analgesics was the commonly used medical treatment. 
Opioid therapy failure was defined as the inability to 
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control pain with maximum of 100 micrograms/hour fen-
tanyl dose or its equivalent, or unable to receive efficient 
opioid dose due to intolerable side effects. Those with 
systemic disorders and infections, coagulation disorders, 
severe spinal pathology, or clinically significant cardiac or 
pulmonary conditions were excluded. The study protocol 
was approved by the local ethics committee (Demiroglu 
Bilim University, Ethics Committee for Clinical Research; 
date, December 16, 2019; no, 44140529/482) and 
informed consent was not compelled due to the retrospec-
tive nature of the study. The study was conducted in 
accordance with the Declaration of Helsinki and all patient 
data accessed complied with relevant patient data protec-
tion and privacy regulations.

Demographic and other descriptive data as well as 
required daily narcotic doses and VAS scores during out-
patient visits at baseline, 2 weeks, 2 months, and 3 months 
were extracted. Possible side effects after the intervention 
were examined, including hypotension, increased fre-
quency of defecation, neuritis, pneumothorax, and other 
adverse reactions. Radiotherapy and chemotherapy status 
were recorded. Primary and secondary outcome was the 
change in VAS scores and daily narcotic doses (morphine 
equivalent) over time, respectively.

Statistical Analysis
Data were analyzed using SPSS (Statistical Package for 
Social Sciences) software version 21 (IBM Corp.; 
Armonk, NY, USA). Descriptive data are presented in 
number (percentage) or mean ± standard deviation, 
where appropriate. A longitudinal mixed model was used 
to examine the significance of changes in VAS scores and 
required daily narcotic doses over time. A “compound 
symmetry” and “unstructured” covariance structure was 
used for VAS and narcotic dose, respectively, since respec-
tive structures provided the best model fit with the lowest 
Akaike Information Criterion (AIC) value. Post hoc com-
parisons of VAS and daily narcotic dose between different 
time points were done with Bonferroni correction. Two- 
sided p values <0.05 were considered an indication of 
statistical significance.

Results
Patient Characteristics
Distribution of patients by pancreatic cancer stage was as 
follows: Stage IV, 13 patients (38.2%); Stage III, 16 patients 
(47.1%); Stage II, 5 patients (14.7%). Table 1 shows patient 

characteristics at baseline. Majority of the patients had 
a history of narcotic intolerance (79.4%). Only less than one- 
quarter of patients had recurrent disease at the time of study 
initiation. Most of the patients had local extension and/or 
lymphatic involvement at baseline (85.3%), whereas less 
than half had liver metastasis (38.2%). During the study 
period, 30 patients (88.2%) received chemotherapy. These 
patients received chemotherapy courses at the time of celiac 
plexus neurolysis, and/or splanchnic neurolysis, and/or dur-
ing the follow-up period (thus during the study). Four 
patients had received chemotherapy before celiac plexus 
neurolysis, but not during the study. Eight patients (23.5%) 
had received radiotherapy before celiac plexus neurolysis. 
Thus, none of the patients received radiotherapy during the 
study. Although all celiac plexus neurolysis procedures could 
be completed successfully from technical point of view, 
patients did not respond clinically.

Technique for Celiac Plexus Neurolysis
Celiac plexus neurolysis was done using classical retro-
crural double-needle technique. Under fluoroscopy gui-
dance, each of the two 15 cm 18G needles was placed to 
the left and right anterolateral areas of the first lumbar 
vertebral body, respectively. Following a test injection 
with 2 mL of 2% lidocaine to both sides, 10 mL of 
100% alcohol plus 5 mL of 2% lidocaine were injected 
to each side for neurolysis.

The Technique for Splanchnic Nerve 
Neurolysis
The entire procedure was performed under aseptic conditions 
with X-ray guidance at the operation theater. Patients fasted 
for 6 hours prior to the procedure, and a 20 G intravenous 
cannula was placed. Before the procedure, 500 mL of 

Table 1 Demographical and Clinical Characteristics of the 
Patients at Baseline

Characteristics n=34

Age, y (mean±SD) 58.4±10.8

Male gender 16 (47.1%)

BMI, kg/m2 (mean±SD) 23.1±3.5
Previous operation 8 (23.5%)

Recurrent disease 8 (23.5%)

Narcotic intolerance 27 (79.4%)
Local/lymphatic extension 29 (85.3%)

Distant metastasis* 13 (38.2%)

Notes: *All were liver metastasis. Unless otherwise stated data presented as n (%). 
Abbreviations: SD, standard deviation; BMI, body mass index.

Dovepress                                                                                                                                                               Comlek

Journal of Pain Research 2020:13                                                                                            submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2025

http://www.dovepress.com
http://www.dovepress.com


physiological saline was administered intravenously. The 
patient was positioned in the prone position on the surgical 
table with the chest supported using a pillow, in order to 
reverse the thoracolumbar lordosis and to increase the dis-
tance between the superior iliac spine and the chest cage. The 
patient was monitored using electrocardiography, non- 
invasive blood pressure measurements, and pulse oximetry 
in accordance with the standards proposed by the American 
Association of Anesthesiologists. Physiological saline infu-
sion was initiated. T12 was visualized with fluoroscopy, and 
the distance between the transverse processes and corpus of 
the vertebra was appropriately adjusted by rotating the c-arm 
20–30 degrees. A 22G 15 cm Chiba needle (Cook Medical 
Inc., Bloomington, IN, USA), which would be used for 
injections, was inserted, and directed to the anterolateral 
border of T12 vertebra under fluoroscopy guidance. This 
procedure was done for the left and right sides separately.

T12 vertebra and the final position of the needles were 
ascertained under fluoroscopy guidance on anteroposterior 
and lateral views. The absence of blood or liquid was 
ascertained by a gentle aspiration. Then, the radio- 
opaque material was administered, and its diffusion is 
confirmed with fluoroscopy. For splanchnic nerve neuro-
lysis, 6% phenol solution was administered to both sides at 
a dose of 5 to 8 mL using the Chiba needle (Cook Medical 
Inc., Bloomington, IN, USA). Figure 1 shows fluoroscopic 
views during the procedure.

The procedure lasted 30 minutes, and the recovery 
period lasted 10 minutes since conscious sedation was 

used. After the procedure, patients were kept under med-
ical observation for 4 to 6 hours to monitor possible 
hemodynamic complications. Regular administration of 
analgesics was initiated after the procedure using the 
WHO criteria, when necessary.

Response Rates to Splanchnic Neurolysis
Majority of the patients responded to splanchnic neuroly-
sis (VAS score <4), response rates were 76.5% (26/34), 
84.4% (28/33), and 71.0% (22/31), at 2 weeks, 2 months, 
and 3 months, respectively. At 2 weeks, 2 months, and 3 
months, 26.5% (9/34), 30.3% (10/33), and 29.0% (9/31) of 
patients did not require narcotics.

Changes in Visual Analogue Scale Scores 
Over Time
Figure 2 shows the changes in VAS scores over time (at 
baseline and at 2weeks, 2 months and 3 months). 
A significant change in VAS scores was evident over 
time (p<0.001 for global difference). A significant and 
dramatic reduction was seen at 2 weeks (2.8±1.2 versus 
6.3±1.1, p<0.001). Similarly, VAS scores were signifi-
cantly lower at 2 months and 3 months when compared 
to baseline (2.6±1.0 and 2.9±1.2 versus 6.3±1.1, p<0.001 
for both). However, scores at 2 weeks, 2 months and 3 
months did not differ significantly (p>0.05 for all compar-
isons). Thus, the significant decline in VAS scores was 
maintained during the 3-month follow-up period.

Figure 1 Lateral (left) and anteroposterior fluoroscopic views during the procedure. Positions of the two needles and spread of radiopaque material are seen in both views.
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Changes in Narcotic Requirement Over 
Time
Figure 3 shows the changes in the required daily narcotic 
dose (morphine equivalent) over time. A significant 
change in doses was evident (p<0.001) with a pattern 
similar to the changes in VAS scores. A significant and 
dramatic reduction was seen at 2 weeks (20.8±32.9 versus 
93.4±86.2 mg, p<0.001). Similarly, VAS scores were sig-
nificantly lower at 2 months and 3 months when compared 
to baseline (24.6±52.6 and 28.2±60.4 versus 93.4 
±86.2 mg, p<0.001 and p=0.001, respectively). However, 
scores at 2 weeks, 2 months and 3 months did not differ 
significantly (p>0.05 for all comparisons). Thus, 
a dramatic reduction in daily narcotic dose requirement 
was evident and maintained during the 3-month period.

Safety
No procedure-related complication was seen during the 
study period except for a suspected neuritis characterized 
by back pain developed after the procedure, which spon-
taneously resolved in 2 weeks. The procedure was gener-
ally well tolerated. An acceptable increase in defecation 
frequency was seen in nine patients, and one of them 
required intravenous fluids for 1 week. Hypotension 

developed in 14 patients, which responded to intravenous 
fluid administration and resolved on the same day.

Discussion
Our results showed that splanchnic neurolysis is an effec-
tive therapeutic approach to control pain and reduce nar-
cotic use for at least 3 months in pancreatic cancer patients 
following a failed attempt of celiac plexus neurolysis for 
pain control. To the best of our knowledge, this is the first 
study to evaluate splanchnic neurolysis in this patient 
group.

Various methods have been described to achieve neu-
rolysis at the celiac plexus and splanchnic nerves. Such 
methods can be performed under fluoroscopy, ultrasound, 
endoscopy, as well as computerized tomography guidance. 
Neurolysis of retrocrural splanchnic nerves under fluoro-
scopy guidance is a commonly used strategy, and we used 
the same technique in our study.20 Chemical neurolysis is 
generally achieved using alcohol (50% to 100%) or phenol 
(5% to 10%) that provides effective pain control for 3 to 6 
months.21,22 No significant difference in efficacy between 
alcohol and phenol was reported, while the risk of neuritis, 
which is one of the major side effects of this procedure, 
was found to be lower with phenol use.20,23 Therefore, we 
preferred 6% phenol solution for our patients.

Figure 2 Changes in mean Visual Analogue Scale scores of 34 patients over time (at baseline, 2 weeks, 2 months, and 3 months). Error bars indicate 95% confidence 
intervals.
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To date, several studies separately examined celiac 
neurolysis and splanchnic neurolysis for cancer-related 
pain of the upper abdomen.24,25 A study compared radio-
frequency ablation and chemical neurolysis of splanchnic 
nerve, and found better outcomes with the former.26 

However, very few studies directly compared splanchnic 
vs celiac neurolysis so far.18,20,27 Some reported better 
analgesic efficacy, reduced opioid use, decreased fre-
quency of complications, as well as improved quality of 
life with splanchnic nerve neurolysis as compared to celiac 
plexus neurolysis.18,27 In addition, splanchnic block was 
found to be associated with longer pain relief effect when 
compared to celiac plexus block in chronic abdominal pain 
not related to cancer.28 In the retrospective study by 
Koyyalagunta et al, the involvement of the celiac plexus 
was not a factor that altered the efficacy of splanchnic 
neurolysis.20 The anatomy of the celiac plexus may 
undergo significant changes due to underlying malignant 
condition or enlarged celiac lymph nodes in patients with 
advanced cancer, leading to challenges in accessing the 
celiac ganglia or inadequate diffusion of the neurolytic 
agent.15–17

Side effects observed in our study included self- 
limiting hypotension and diarrhea/increased stool 

frequency, in addition to temporary neuritis in one patient; 
and we believe that such effects may be considered minor 
complications/side-effects. Again, these observations 
strongly suggest that fluoroscopy-guided splanchnic neu-
rolysis is a safe as well as an effective therapeutic option.

Several other methods other than chemical neurolysis 
target celiac plexus/splanchnic nerve and/or other struc-
tures for pain relief. High intensity focused ultrasound 
(HIFU) technology seems to be an attractive alternative 
because it is a non-invasive and safe technique that pro-
vides rapid pain relief; in addition, it has been used suc-
cessfully after failed celiac plexus neurolysis.29–31 

Endoscopic ultrasound-guided celiac plexus neurolysis 
(EUS-CPN) and EUS-guided celiac ganglion radiofre-
quency ablation are other techniques with promising 
results in patients with pancreatic cancer pain.32–34 The 
latter technique was found to be superior to celiac plexus 
neurolysis in terms of pain relief and improvement in the 
quality of life.32 Spinal cord stimulation may be another 
option for these patients, but evidence regarding efficacy is 
lacking.35,36 One of the valuable options for the palliative 
treatment of cancer pain in general, pancreatic cancer pain 
in particular, is the intrathecal or epidural port catheter use 
for opioid or local anesthetic administration, which 

Figure 3 Changes in mean required daily narcotic dose in mg (morphine equivalent) of 34 patients over time (at baseline, 2 weeks, 2 months, and 3 months). Error bars 
indicate 95% confidence intervals.
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represents an effective method for the end-of-life care of 
these patients.37–39 Although many studies have reported 
successful results with mechanical splanchnicectomy,40,41 

this procedure may also lead to serious complications such 
as pneumothorax, chylothorax, spleen injury, and inter- 
costal neuralgia.42 Finally, bilateral splanchnicectomy 
with thoracotomy may be considered in patients who 
require abdominal surgery for other reasons; thereby 
there will be no additional surgical risk for the patient.41 

Nevertheless, team expertise and availability should also 
be kept in mind while selecting the appropriate technique 
for a particular patient.

The minimum time required to achieve pain relief after 
celiac neurolysis shows some degree of variability, with 
some studies reporting immediate pain control and others 
reporting a more delayed onset of efficacy.43,44 In our 
study, a significant pain relief was achieved 2 weeks 
after the procedure. Although previous studies showed an 
increased rate of survival after splanchnic neurolysis,45 we 
have not been able to evaluate such an effect on survival 
due to the short follow-up duration, ie 3 months.

In a study by Ischia et al comparing several approaches 
including splanchnic, classic retrocrural, and trans-aortic 
techniques, the incidence of hypotension was shown to be 
higher with the retrocrural (50%) and splanchnic (52%) 
approach as a result of sympathetic neurolysis, while ante-
rocrural transaortic technique led to increased defecation 
more frequently (65%).46 With regard to other temporary 
complications, all three groups exhibited similar rates of 
hematuria, hiccups, inter-scapular back pain, reactive 
pleurisy, and dysesthesia.46 In addition, gastroparesis and 
gastric perforation, as well as retroperitoneal fibrosis have 
been reported.46

Celiac and splanchnic neurolysis are associated with 
very few complications, and these include hypotension, 
diarrhea, gastric or intestinal perforation, vessel injury, 
hematoma, and chemical peritonitis.47 Due to the 
absence of anatomical structures in the close adjacency 
of the splanchnic nerve that may lead to complications 
other than pneumothorax, neurolysis of the nervous tis-
sue at this site is rarely associated with the above-stated 
complications. The reported rate of orthostatic hypoten-
sion and increased defecation after a diagnostic block 
was 23% in the study by Ahmed A. et al, where splanch-
nic block and neurolysis were administered to the study 
participants. In that study, 19% and 14% of the patients 
reported orthostatic hypotension and increased defeca-
tion, respectively.17 On the other hand, in a study by 

Shwita AH et al the respective incidences of orthostatic 
hypotension and increased defecation were 33% and 
29%, and 34% and 30% in celiac and splanchnic neuro-
lysis groups, respectively.27 Fourteen patients (36.8%) 
experienced orthostatic hypotension in our study group, 
and this complication resolved on the same day in all 
patients. Again, nine patients experienced temporary 
diarrhea/increased defecation in our study, and in only 
one case the complaints required medical treatment and 
lasted 1 week. Except for moderately severe neuritis that 
resolved spontaneously in a few days, no patients experi-
enced serious complications in our study.

Major limitations of our study include retrospective 
design and limited duration of follow up. Since overall 
changes over time and pairwise differences between base-
line and other time points reached statistical significance, 
the relatively small sample size does not seem to be 
a major limitation; however, a larger sample size would 
be able to show differences between 2 weeks, 2 months 
and 3 months, if any. Although there are alternative and 
more comprehensive methods to access pain in general, 
cancer pain in particular, such as numerical rating scale 
(NRS), Brief Pain Inventory (BPI),48 McGill Short Form 
Questionnaire,49 Alberta Breakthrough Pain Assessment 
Tool,50 the current study used only VAS for the purpose 
of evaluation owing to its ease and simplicity, which may 
be considered another limitation.

In conclusion, splanchnic neurolysis seems to provide 
durable pain control and reduced opioid use in patients 
with upper abdominal pain due to pancreatic cancer in 
whom the neurolysis of the celiac plexus was unable to 
control the pain. Therefore, this method represents a viable 
option for this group of patients. On the other hand, the 
procedure needs well-trained stuff; thus, it may not be 
available in many hospitals. It is of note to emphasize 
that our conclusions refer to only preliminary single- 
center results in a selected patient group; thus, further 
randomized studies with larger sample size, in different 
patient groups, and with longer follow-up are warranted to 
confirm our findings.

Ethics Committee Approval
The study protocol was approved by local ethics commit-
tee (Date, December 16, 2019; no, 44140529/482). The 
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