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Abstract
Background: Celiac ganglion block has been adapted for abdominal pain 
management for decades with substantial effectiveness. Localization of celiac 
ganglion or plexus is to be performed during surgery. Our study aims to disclose 
the effectiveness and precision of Intraoperative Computer Tomography-guided 
Percutaneous Celiac Plexus Neurolysis (iCT-PCPN) for patients with abdominal 
pain related to peritoneal carcinomatosis.

Methods: From January 2013 to December 2017, we completed iCT-PCPN for 
patients with peritoneal carcinomatosis-related pain. Chemolytic agents of phenol 
or alcohol were used for ganglion neurolysis. We have compared Numeric Rating 
Scale (NRS) and morphine dosage pre-operatively and post-operatively.

Results: Fourteen patients were included and 4 patients excluded. A statistical 
decrease of NRS was observed (median of the basal NRS 10 (Q1=9, Q3=10) 
compared with median NRS 3 (Q1=2, Q3=5) at 1 day, p<0.005, and median NRS 5 
(Q1=4, Q3=6) at 28 days, p<0.005). The dosage of morphine administered did not 
increase significantly after iCT-PCPN (p>0.05). This indicates that iCT-PCPN could 
provide effective pain management for peritoneal carcinomatosis and decrease 
the use of morphine and its side effects.

Conclusion: Cancer-related peritoneal carcinomatosis is an ongoing process. We 
find that the patients may benefit from the procedure of iCT-PCPN by its precision, 
effective pain relief, and less complication arises from high dose of opioids. 
Therefore, patients with peritoneal carcinomatosis could have better quality of 
life during hospice care.
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Introduction
Patients with cancer and peritoneal carcinomatosis suffer greatly 
from severe pain [1,2]. The pain could be treated by either 
prescription medications or surgery. The medications include 
Patient-Controlled Analgesia (PCA), transdermal or transoral 
opiods including fentanyl, morphine, and hydromorphone [3-8]. 
The surgical approaches include celiac ganglion plexus neurolysis, 
celiac ganglionectomy, intrathecal pain pump, and spinal cord 
stimulation [1,2,9-14]. The visceral pain is carried by nociceptive 
fibers, which originate from abdominal viscera and organs, and 
pass through celiac ganglion plexus before entering the spinal 
cord. Hence, through blocking the celiac ganglion plexus, we 

could effectively relieve pain from these organs. After the pain 
is managed, we could thereby decrease the use of opioids and 
avoid adverse side effects of opioids, such as nausea, vomiting, or 
suppression of respiration.

The goals of this study are to introduce the practicality of 
intraoperative CT-guided percutaneous celiac plexus neurolysis 
(iCT-PCPN) and, subsequently, demonstrate the effectiveness 
of decreasing Numeric Rating Scale (NRS) and post-operational 
opioids use.

Materials and Methods
From January 2013 to December 2017, we completed iCT-PCPN 
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for 14 patients with peritoneal carcinomatosis at Chia-Yi Chang 
Gung Memorial Hospital. This was a single center retrospective 
study. The patients were selected through consultation from 
internal medical departments. The patients had intractable 
pain even with prescribed pain medications such as steroids, 
NSAIDs, opioids, and PCA. The followings were the exclusion 
criteria: non-neoplasm related abdominal pain from herpes or 
chronic pancreatitis, coagulopathy, local or systemic infections, 
chemotherapy or radiotherapy within 4 weeks, or patient’s 
refusal.

All operations were conducted by the same experienced 
neurosurgeon. The distribution of patients is shown in Table 1. 
There were 18 patients enrolled in this study, but excluded 4 of 
them due to non-neoplasm related abdominal pain from chronic 
pancreatitis or herpes zoster infection. Fourteen patients were 
selected and iCT-PCPN was performed to manage pain stemmed 
from carcinomatosis.

Patients had diagnoses of pancreatic cancer (8 patients), 
esophageal cancer (2 patients), rectal cancer (1 patient), 
cholangiocarcinoma (1 patient), ureter cancer (1 patient), and 
lung small cell carcinoma (1 patient). Nine patients were male, 
and 5 patients were female. Five patients were treated with 66% 
or 70% alcohol, and 9 patients were treated with 5% phenol. 
This was due to the unavailability of phenol at our institution in 
the recent years. Five patients were treated with left post-crural 
approach, while 9 patients were treated with bilateral post-crural 
approach. 

The operation procedures are shown in Table 2 and performed 
under local anesthesia. Patients were placed at prone position, 

draped and applied antiseptic. A pre-operative CT with 
combination and navigation system of BrainLab® was completed. 
22-gauge block needles were used unilaterally or bilaterally under 
guidance of iCT navigation. Several repeats of CT of abdomen 
were performed to check the needle tip placement toward 
the space of celiac ganglion plexus at the level of T12-L1 from 
posterior approach, in which the celiac ganglion lays. Contrast 
enhancement was also performed to check the celiac ganglion 
plexus. Intra-abdominal organs, including aorta, were noted and 
caution was taken to avoid injury to them. Injections of alcohol 
or phenol were performed for celiac plexus block. CT images of 
iCT-PCPN and post-operative needle puncture wounds are shown 
in Figure 1. After the whole procedure was completed, we then 
removed the needles and care for the wounds closely. We sent the 
patients to Post-Operative Room (POR) for careful observation. 
After each operation, we checked patients’ pain status using NRS. 
The NRS feedback was recorded pre-operatively, and on day 1, 
day 3, day 7, day 14, day 21, and day 28 postoperatively. We also 
documented the use of opioid for pain relieve.

The data was analyzed with IBM SPSS Statistics Version 25 (IBM 
SPSS Statistics for Windows, IBM, Armonk, NY, USA). Kruskal–
Wallis and Wilcoxon rank-sum tests were used for statistical 
analyses where appropriate, with significance thresholds set at 
p< 0.05.

Results
Shown in Table 1, iCT-PCPN has the advantages of precision and 
short operation time. The average operation time of this study is 
24.2 minutes (Q1: 19.5, median: 23, Q3: 30.5). The average time 

Table 1 Distribution of the 14 patients with the median age of 60 years old. Five out of the 14 patients were female and 9 were male. The origin of 
peritoneal carcinomatosis were pancreatic cancer (9 cases), esophageal cancer (2 cases), lung small cell carcinoma (1 case), cholangiocarcinoma (1 
case), rectal cancer (1 case), and ureter tumor (1 case). Case 8 has had operation twice. The median of operation time is 23 minutes. The median of 
operation day to death day is 48.5 days. Q1: 25th  percentile, Q3: 75th  percentile.

Case Gender Age Diagnosis (Origin) Approach Injected 
medicine

Injected 
volume

OP time 
(min)

OP to death 
time (Day)

1 M 82 Pancreatic cancer Left postcrural 66% alcohol 30 28 0
2 F 78 Rectal cancer Left postcrural 66% alcohol 30 15 0
3 F 65 Pancreatic cancer Bilateral postcrural 66% alcohol 40 35 0
4 F 51 Ureter tumor Bilateral postcrural 66% alcohol 22 6 0
5 M 61 Cholangiocarcinoma Left postcrural 70% alcohol 15 19 0
6 M 41 Ampular vater cancer Bilateral postcrural 5% phenol 40 30 0
7 M 53 Pancreatic cancer Left postcrural 5% phenol 40 15 0
8 F 56 Pancreatic cancer Bilateral postcrural 5% phenol 40 31 0
8' F 56 Pancreatic cancer Bilateral postcrural 5% phenol 40 22 0
9 M 60 Periampular cancer Bilateral postcrural 5% phenol 30 23 0

10 M 53 Esophageal cancer Bilateral postcrural 5% phenol 40 35 0
11 M 48 Esophageal cancer Left postcrural 5% phenol 30 22 0
12 M 61 Lung small cell carcinoma Bilateral postcrural 5% phenol 40 27 0
13 M 64 Pancreatic cancer Bilateral postcrural 5% phenol 40 20 N/A
14 F 67 Pancreatic cancer Bilateral postcrural 5% phenol 36 35 0

Average  - 59.73  -  -  -  - 24.2 0
Q1  - 53  -  -  -  - 19.5 0

Median  - 60  -  -  -  - 23 0
Q3  - 64.5  -  -  -  - 30.5 0
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between the operation and patients’ death is 62.54 days (Q1: 27, 
median: 48.5, Q3: 60.5).

As depicted in Table 3, we assessed the pre-operative pain status 
by NRS and NRS post-operatively on day 1, day 3, day 7, day 
14, day 21, andday 28. There is a statically significant decrease 
in the reported NRS. The median of NRS pre-operatively is 10 
(Q1: 9, Q3: 10). The median of NRS at day 1 post-operatively is 
3 (Q1: 2, Q3: 5), p<0.005. The median of NRS at day 3 is 2 (Q1:0, 
Q3: 4.5), p<0.0005. The median of NRS at day 7 is 2 (Q1:0, Q3: 
2.5), p<0.0005. The median of NRS at day 14 is 0 (Q1:0, Q3: 4), 
p<0.0005. We noted the median of NRS hit bottom at day 14. The 
median of NRS at day 21 is 4 (Q1:0, Q3: 5.5), p<0.005. The median 
of NRS at day 28 is 5 (Q1:4, Q3: 6), p<0.005. 

Additionally, the distribution of the reported NRS by the 14 
patients is shown in Figure 2. p<0.05 at post-operative on day 
1, day 3, day 7, day 14, day 21, and day 28 is compared to pre-
operative pain status. The null hypothesis that there is no 
difference between pre-operative NRS and post-operative NRS 
is rejected. Therefore, the patients had reported improvement 
of NRS with statistical significance. Figure 2 also discloses the 
fact that p>0.05 is noted between each post-operative time 
point, for example, on day 1 and day 3. This means there was no 

statistical significance difference of NRS between each time point 
post-operatively. As aforementioned, p<0.05 is noted comparing 
the pre-operative NRS to each time point. Therefore, the iCT-
PCPN remains effective for patients with pain from peritoneal 
carcinomatosis for at least 28 days.

We compared the opioid dosage pre-operatively, postoperative 
day 7, and day 21. Figure 3 shows the distribution of morphine 
dosage and illustrated the median of morphine consumption pre-
operatively at 23.33 mg, which increased to 33.33 mg on the 7th 
day post-operatively and remains 33.33 mg on the 21st day. We 
conducted Kruskal-Wallis test and p>0.05 was noted. The null 
hypothesis that there is no difference in administered morphine 
dosage pre-operatively, on the 7th day, and on the 21st day is 
true. Therefore, there is an increasing trend of use of opioids 
post-operatively without statistical significance. 

Table 4 also shows the detailed distribution of consumption of 
morphine dosage before and after iCT-PCPN. Especially, the Q3 
value of morphine use on pre-operative day was 78.34 mg, at 7 
days post-operation decreased to 65.20 mg, and that at 21 days 
post-operation decreased further to 45.83 mg. Hence, iCT-PCPN 
may help decrease the use of opioids for patients with peritoneal 
carcinomatosis and with heavier adhesion to opioids.

Table 2 The operation procedures of iCT-PCPN. The patient is placed with prone position and draped and antiseptic. The CT of abdomen is performed 
with navigation system of Brain Lab®. The celiac trunk level is checked at T12-L1 disc space. Under local anesthesia, the celiac plexus neurolysis is 
performed by injection of 5% phenol or 66% alcohol to the space of celiac plexus through post-crural approach with 22-gauge block needle bilaterally 
or unilaterally. After the whole procedure, needles are removed and we send the patient to Post-Operative Room (POR), observe the vital signs and 
give wound care and pain control.

Operation procedures
1. Obtain informed consent
2. Patient was placed at prone position
3. Draped and antiseptic
4. CT of abdomen was performed before operation and integrated with navigation system of BrainLab®
5. Celiac trunk level was checked by navigation
6. Local anesthesia
7. A 22-gauge block needle was placed via post-crural approach at level of T12-L1 disc space bilaterally or unilaterally
8. Injection of contrast was performed
9. Intraoperative CT was performed and celiac ganglion and periaortic space was checked
10. Injection of 5% phenol or 66% alcohol
11. Remove the needle
12. Wound care and send the patient to POR

Figure 1 With use of intraoperative CT and navigation system of BrainLab®, the 22-gauge block needles were placed through 
post-crural approach at level of T12-L1 periaortic space and celiac ganglion. Injection of 5% phenol or 66% alcohol 
was performed. The post-operative needle-puncture wounds are shown as above.
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Table 3 The median of NRS decreased from 10 to 3(Q1:2, Q3:5), p<0.005, on post-operative day 1 with statistical significance compared to pre-
operative NRS. The NRS reached 0 on the 14th day (Q1:0, Q3:4), p<0.0005. The NRS decrease remained at 5 (Q1:4, Q3:6), p<0.005 with statistical 
significance until the 28th day. Q1: 25th percentile, Q3: 75th percentile.

NRS assessment time Score in NRS (Median) p-value (statistical significance<0.05, the 
Kruskal-Wallis test, reference: Pre-op)

Pre-op 10(Q1: 9, Q3: 10)  -
1 day 3(Q1: 2, Q3: 5) P<0.005
3 days 2(Q1: 0, Q3: 4.5) P<0.0005
7 days 2(Q1: 0, Q3: 2.5) P<0.0005

14 days 0(Q1: 0, Q3: 4) P<0.0005
21 days 4(Q1: 0, Q3: 5.5) P<0.005
28 days 5(Q1: 4, Q3: 6) P<0.005

Figure 2 Using Kruskal-Wallis test and Wilcoxon rank-sum test, the NRS decrease has proven statistical significance. The 
NRS decreased from median of 10 to 3 on the 1stpost-operative day. After that, the median of NRS reached 0 on 
the 14th day post-operation. The median of NRS then increased gradually to 5 on 28th days after the operation. 
There is no statistical significance (p>0.05) of NRS between each time point, for example, on day 1 and day 3, post-
operatively. ***: p<0.005, ****p<0.0005, #p>0.05, no significance.
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Figure 3 The median of morphine use increased from 23.33 mg/day pre-operatively to 33.33 mg/day on day 7 
post-operatively, and then remained 33.33 mg/day on day 21. #p>0.05, no significance.

Table 4 The median of morphine is 23.33 mg/day pre-operatively and it increased to 33.33 mg on day 7 post-operatively, and remains 33.33 mg on 
day 21. The 75th percentile of opioids use decreased from 78.34 mg/day pre-operatively to 65.20 mg/day on day 7 post-operatively, and eventually 
45.83 mg/day on day 21 post-operatively. Q1: 25th percentile, Q3: 75th percentile.

Case Pre-op morphine use 7 days post-op morphine use 21 days post-op morphine use
1 5.00 0.00 27.00
2 0.00 20.00 0.84
3 20.00 33.33 33.33
4 71.67 21.25 40.80
5 4.58 3.33 45.83
6 6.67 70.00 EXPIRED
7 85.00 1440.00 960.00
8 504.00 504.00 40.00
8' 24.00 10.00 30.83
9 23.33 84.17 202.83

10 190.21 40.83 6.67
11 168.33 46.67 86.67
12 61.67 60.40 EXPIRED
13 5.00 5.00 0.00
14 11.23 5.40 15.40

Average 78.71 156.29 114.63
Q1 5.83 7.70 15.40

Median 23.33 33.33 33.33
Q3 78.34 65.20 45.83
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There were no complications like motor impairment, urinary 
incontinence, infections, bowel perforation, intra-abdominal 
bleeding due to aortic injury or injury to major vessels noted after 
each operation.

Discussion
Celiac ganglion block was firstly introduced to the medical 
world by Kappis et al. in 1914 [15]. The procedure was initially 
performed by identifying external bony landmarks. Subsequently, 
anterior percutaneous approach was reported by Wendling et 
al. [16]. Jones initiated the use of ethanol for celiac ganglion 
neurolysis [17]. During 1950s, fluoroscopy-guided celiac ganglion 
block was performed, but was limited due to inaccuracy of needle 
tip and retroperitoneal anatomic structures. In 1977, Hagga et 
al. described CT-guided celiac ganglion block [18]. Ultrasound-
guided endoscopic approach for celiac ganglion block was 
documented in recent years [19-23]. iCT-PCPN with navigation for 
celiac ganglion block has not been published in English medical 
journals to date.

Intraoperative CT is featured by precision with combination of 
navigation system. iCT has been previously documented for radio 
ablation surgery for trigeminal neuralgia, dorsal root ganglion 
ablation for thoracic or lumbar compression fractures, and 
navigated screws insertions for spondylolisthesis [24-27]. With 
theuse of iCT and navigation system, the present study of iCT-
PCPN for block of celiac ganglion plexus also has the advantages 
of increased accuracy and shorter operation time.

In the present study, iCT-PCPN has shown an effective decrease 
of NRS. From the statistics, the NRS decreases from median of 
10 to 3 at day 1 postoperatively. Consequently, the median NRS 
reached bottom at 0 on day 7. The median of NRS then increased 
gradually to 5 at day 28.

The abdominal visceral pain fibers gather at celiac ganglion plexus 
before ascending into the spinal cord. Therefore, we could treat 
the peritoneal carcinomatosis-related pain by blockade of celiac 
ganglion plexus. However, there are some literatures stated that 
somatic pain may not be effectively treated by celiac ganglion 
block [2].

The celiac ganglion block has long been adapted for treatments 
of abdominal-related pain from peritoneal carcinomatosis. The 
technique could be performed by identifying the external bony 
landmarks under fluoroscopy guidance, under CT guidance, or 
under ultrasound guidance, and endoscopy. The procedure of 
celiac ganglion block or neurolysis could be performed through 
these four different approaches, each of them with attempts 
of reaching the peri-aortic space at level of T12-L1, where the 
celiac plexus is located. Direct celiac ganglion neurolysis is 
more difficult to approach and requires visualization by either 
endoscopy or surgery, however, it is conceptionally more 
effective [9,13,22]. Anterior approach has also been reported 
but there are risks of bowel perforation or intra-abdominal 
bleeding. Posterior approach has been the mainstream approach 
for celiac ganglion neurolysis. There are different posterior 
approaches, such as, postcrural approach, transdiscal approach, 

and transaortic approach. There are literatures showing risks of 
bleeding from the transaortic approach. There are also literatures 
showing transient back pain by transdiscal approach. Transdiscal 
approach also belongs to posterior approaches, but compared 
to postcrural approach, it is less likely than transdiscal approach 
to injure the adjacent intra-abdominal organs while performing 
procedure of celiac ganglion block. The postcrural approach has 
the advantage of easier localization of trajectory from the lateral, 
but it is more likely to injure abdominal organs. In the present 
study, we use the postcrural approach and identify the T12-L1 
level peri-aortic space by iCT and navigation. Therefore, we 
could identify and avoid injury to the abdominal organs while 
performing the postcrural approach.The celiac ganglion block 
is performed with the aid of image guidance since the 1950s 
[2,11,12,14]. Fluoroscopy could provide adequate localization of 
T12-L1 disc level by lateral view, but it is less precise compared 
to other approaches. At the same time, surgeons may also be 
exposed to harmful radiation. CT-guide PCPN could also ensure 
more accuracy of injection to celiac ganglion plexus and the 
identification of abdominal organs. However, compared to iCT-
PCPN, CT-guided PCPN lack navigation and, thus, may require 
more scans, which will lead to more radiation exposure to the 
patient. Ultrasound-guided endoscopy has become more popular 
recently with the preciseness of localizing and visualizing the 
celiac ganglion plexus from the anterior approach. On the other 
hand, it is a more invasive procedure compared to iCT-PCPN due 
to the insertion of endoscopy.

After reviewing prior English literatures, the current study of 
iCT-PCPN has not been documented. iCT-PCPN procedure is 
similar to CT-guided celiac ganglion neurolysis, but it is more 
accurate with the combination of CT and navigation. Our 
procedure is performed in an operation room with the use of 
physiological monitors and local anesthesia. Anesthetists are 
present throughout the procedure. 22-gauge needles are used 
for injection in contrast of phenol or alcohol. The average time 
of operation is 24.2 minutes. With the application of navigation, 
we can approach celiac ganglions with more exact guidance and 
proper modification for appropriate trajectory. Therefore, we can 
reach celiac ganglion plexus with more precision and less injury 
to adjacent intra-abdominal organs.

Luz and his colleague have depicted direct block of celiac ganglion 
as Celiac Ganglion Neurolysis (CGN), and indirect block of celiac 
ganglion by injection of alcohol or phenol to the adjacent space 
as Celiac Plexus Neurolysis (CPN). CGN is conceptionally more 
effective than CPN. Compared to Endoscopic Ultrasound Celiac 
Ganglion Neurolysis (EUS-CGN) or Endoscopic Ultrasound Celiac 
Plexus Neurolysis (EUS-CPN), our procedure is less invasive by 
only inserting 22-gauge needles and more veracity by iCT and 
navigation. Luz has also documented that EUS-CGN and EUS-CPN 
are effective methods with up to 70% accuracy of identifying 
celiac ganglia, namely, performing CGN, and a 94% of pain relief 
rate in patients with peritoneal carcinomatosis. Literatures have 
recorded better pain relief with direct block on celiac ganglion, 
but pain block with injection of alcohol at peri-ganglion space 
also provides pain relief [22]. Sheshadri et al. haveexecuted 
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celiac ganglionectomy during Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC) surgery and have proven effectiveness in 
pain relief from peritoneal carcinomatosis, but this is a far more 
invasive procedure compared to the this study [13].

Opioids have an important role in peritoneal carcinomatosis-
related pain control. The iCT-PCPN or other pain block procedures 
are aimed to decrease the use of opioids in pain control due to 
adverse side effects like respiratory inhibition, dizziness, nausea 
or vomiting, and other discomforts. In our study, the median of 
morphine dosage increased from 23.33 mg/day pre-operatively 
to 33.33 mg/day at day 7, and then remained at 33.33 mg/day at 
day 21. This result showed an increase of opioids dosage without 
a statistical significance. Interestingly, the 75th percentile of 
opioids dosage decreased from 78.34 mg/day pre-operatively 
to 65.20 mg/day at day 7, and eventually reached 45.83 mg/day 
at day 21. Therefore, from this study, the patients with initially 
higher attachment to opioids later showed a better improvement 
in decreased dosage of opioids.

In this study, we noted that case No.8 had been performed twice 
with iCT-PCPN. The patient was satisfied with the effectiveness of 
pain control each time. The morphine dosage did not decrease 
after each procedure. This may be attributed to the relatively 
late intervention by iCT-PCPN. From our study, we concluded 
that iCT-PCPN provides patients with effective pain control. The 
procedurecanbe repeated throughout the end-stage of oncologic 
diseases. Better quality of pain management may be achieved 
by early intervention of iCT-PCPN and repeated treatment of 
iCT-PCPN. Sousa Correia shared similar results in ganglion impar 
block (GIB) with fluoroscopy guidance for patients with pelvic 
carcinomatosis and recorded beneficial outcome of decreased 

opioids-use and a significant VAS decrease of median from 7 to 4 
in the following three months [28].

Common complications from PCPN include hypotension, 
transient back pain or shoulder pain, infection, or intra-abdominal 
bleeding [29,30]. In this study, none of the 14 cases experienced 
the aforementioned complications.

Searching prior English literatures regarding pain control for 
carcinomatosis, we found pain management is mainly treated 
either surgically or with pain medication. The dosage of 
medication prescription for peritoneal carcinomatosis could 
escalate from 100 mg/day to 300 mg/day, causing severe adverse 
effects of respiratory inhibition or impaired consciousness [3-
9,13,31,32]. For surgical treatments, intrathecal morphine 
pump and spinal cord stimulation are alternative treatments for 
peritoneal carcinomatosis but the operation for either treatment 
is more invasive than PCPN itself [4,33-37].

Limitations 
Limitations for our study include the following: small sample size, 
relatively late intervention in the natural course of peritoneal 
carcinomatosis, and retrospective study. Further prospective or 
randomized studies could be carried for patients with peritoneal 
carcinomatosis in the future.

Conclusion
iCT-PCPN is an effective procedure for pain management of 
peritoneal carcinomatosis. It has the advantages of precision 
with navigation, less invasive surgery, less radiation exposure to 
patient or surgeon, improved patient safety, and the possibility of 
repeating procedure on the same patient.
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