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Abstract
This study examined the effects of intrathecal analgesia (ITA) using an extracorporeal pump with a subcutaneous port system 
in cancer patients with bone metastasis. Among the patients who died of cancer with bone metastasis at the palliative care 
unit of our institution, 11 who received ITA were selected. Changes in pain, opioid doses, the palliative prognostic index 
(PPI), and Eastern Cooperative Oncology Group Performance Scale　after ITA were assessed. Pain, opioid doses, and PPI 
decreased after ITA (P = 0.002, 0.002, and 0.017). ITA for cancer patients with increased PPI due to refractory cancer bone 
pain decreased pain, opioid doses, and PPI.
(100 words).
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Introduction

Pain management and a reduced requirement for opioids 
may be effectively achieved in patients with unresectable 
pancreatic cancer by neurolytic splanchnic nerve block; 
however, it does not markedly improve quality of life (QOL) 
[1]. Therefore, the value of sympathetic neurolysis remains 
controversial [1–3]; if it decreases survival, this needs to be 
considered in general interventional treatments.

We performed a retrospective review to investigate the 
effects of intrathecal analgesia (ITA), an interventional treat-
ment, in patients with refractory cancer bone pain.

Materials and Methods

Study design

We performed a retrospective analysis of cancer patients 
with bone metastasis who died in the palliative care unit 
of Saga-ken Medical Center Koseikan between April 2013 
and February 2020. The study protocol was approved by 
the Institutional Research Ethics Board (No. 20-02-01-04).

Patients

Subjects were patients with bone metastasis who had 
received ITA. Bone metastasis was confirmed by radiolo-
gists using bone scintigraphy, computed tomography, or 
magnetic resonance imaging.

The following patient characteristics were examined: 
age, sex, body mass index (BMI), frailty [4], the primary 
lesion, stage at diagnosis, site of bone metastasis and pain, 
pain status, and the reasons for ITA. Patients without bone 
metastasis, those who died outside our palliative care unit, 
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those treated with neurolysis, and those who lacked infor-
mation on pain and factors related to prognostic indices in 
electronic chart records were excluded.

Among the items evaluated, physical activity levels 
were classified using the Eastern Cooperative Oncol-
ogy Group Performance Scale (ECOG-PS and palliative 
performance scale (PPS) [5]. The results obtained were 
scored as the palliative prognostic index (PPI) in combina-
tion with oral intake and the presence of edema, dyspnea, 
and delirium [6].

ITA was performed within 7 days from the day (day 0) 
of evaluation of PPI. Changes in pain, the morphine mil-
ligram equivalent (MME) [7, 8], and PPI 4–16 days after 
the implementation of ITA were assessed as the after-ITA-
day. The post-day 0 was defined as 50% from the day 0 to 
death. The pre-day 0 was set as within 21 days prior to the 
day 0. The degree of pain was evaluated using a numeric 
rating scale [9], with the absence of pain being rated as 
zero and intense pain as 10. Changes in pain, opioid doses, 
PPI, and ECOG-PS after ITA were assessed. Complica-
tions associated with ITA were examined.

Patient selection for ITA

The implementation of ITA was considered when pain per-
sisted despite the administration of analgesics according 
to the WHO method [10], non-steroidal anti-inflammatory 
drugs, or acetaminophen, increases in the doses of potent 

opioids, opioid switching, or the introduction of adju-
vant analgesics, causing refractory cancer pain (a poor 
response to standard opioid and/or co-analgesic therapy 
[11]), decreased oral intake or physical activity levels, opi-
oid side effects, and ineligibility for radiotherapy. Patients 
with the following were excluded as candidates for ITA: 
hemorrhagic tendency, intracranial hypertension, metas-
tasis at the puncture site, a previous history of surgical 
intervention at the puncture site, active infection, and no 
consent for ITA.

Intrathecal (IT) catheter placement

An IT catheter was placed according to a previously 
described protocol [12, 13] with some modifications. A 
polysulfone catheter was used (PORTA-A-CATH II POWER 
P.A.C. POLYSULFONE/TITANIUM, Smiths Medical, JP). 
Lumbar puncture was performed between T12 and L5, and 
the tip of the catheter was placed at the upper spinal level 
supplying the site of the most severe pain. A subcutaneous 
tunnel was created through the dorsal to lateral abdomen and 
the port was fixed on the subcutaneous facia in the lateral 
thoracic region.

Drug preparation

After the introduction of ITA, the administration of a mix-
ture of morphine and bupivacaine was initiated [14, 15]. 

Fig. 1   Consort diagram
1717 cancer-related deaths in the palliative care unit of Saga-ken Medical 

Center Koseikan between April 2013 and February 2020

Received intrathecal analgesia               N=42

Did not receive intrathecal analgesia   N=1675

Patients with bone metastasis

Received intrathecal analgesia N=11

Exclusion criteria

1) Without bone metastasis

2) Outside our palliative care unit

3) A type of cancer that was not included in the intrathecal 

analgesia group 

4) Patients treated with celiac neurolysis

5) Lack of sufficient information on the degree of pain and factors 

related to the prognostic index 

6) Did not receive intrathecal analgesia
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The initial concentrations of each drug were at least 0.1 
and 1 mg/mL, respectively. The concentrations and flow 
rates of each drug intrathecally were gradually adjusted. 
Drug administration was initiated using an extracorporeal 
pump (CADD-LEGACY® PCA MODEL6300, Smiths 
Medical, JP). The administration volume of the morphine-
bupivacaine mixture was adjusted within ≤ 10 mL/24 h. 
The initial dose of morphine was adjusted with a target of 
1/100 of the oral dose of morphine equivalent to the dose 
of the opioid before the implementation of ITA, and the 
dose of bupivacaine was adjusted to a level that did not 
cause motor nerve paralysis.

Statistical analysis

Nominal variables were expressed as a frequency (%) 
and continuous variables as a median (range). The results 
obtained after ITA were compared using the McNemar 
test or Wilcoxon signed-rank sum test. Statistical analy-
ses were performed using R ver4.2.2 at the 5% level of 
significance.

Results

Baseline characteristics

Figure 1A shows a flowchart of the selection of patients. 
Among 1,717 patients who died of cancer during the 
study period in our institution, 42 received ITA. After 
the removal of patients based on exclusion criteria, 11 
who received ITA were examined. Patient characteris-
tics are shown in Table 1. Primary tumor origins were 
the colon in 3 cases (27.3%), cervix uteri in 2 (18.2%), 
and the corpus uteri, ovary, prostate, kidney, stomach, and 
lung in 1 each (9.1%). Median age was 54 (34–80) years 

and the male-to-female ratio was 3 (27.3%): 8 (72.7%). 
Stages at diagnosis were I in 4 cases (36.4%), II in 0, III 
in 4 (36.4%), and IV in 2 (18.2%). Median BMI was 18.6 
(13.9–22.3) and all cases had frailty. Sites of bone metas-
tasis were the pelvis in 9 cases (81.8%), vertebrae and the 
thorax in 3 each (27.3%), and appendicular in 2 (18.2%). 
Sites of pain were the lower limbs in 8 cases (72.7%), 
the pelvis in 7 (63.6%), the lower back in 4 (36.4%), and 
the upper back and chest in 1 (9.1%). Reasons for ITA 
were refractory cancer pain (100%), ineligibility for radio-
therapy (81.8%), physical activity (72.7%), a decline in 
oral intake (63.6%), somnolence (36.4%), nausea (18.2%), 
renal dysfunction (9.1%), and delirium (9.1%). All cases 
of refractory pain were caused by bone metastasis, and 
neuropathic pain was due to nerve invasion or compres-
sion by cancer.

Effects of ITA

Figure 2 (a, b) and Table 2 show changes in pain and MME 
after the implementation of ITA. ITA attenuated pain and 
reduced MME (P = 0.002, 0.002) (Fig. 2a, b). PPI at each 
time point (pre, before, after, and post) of ITA are shown 
in Fig. 3a and Table 2. Median PPI was lower on the after-
ITA-day than on the day 0 (before ITA) (Fig. 3a) (P = 0.017). 
No significant differences were noted in ECOG-PS, physical 
activity levels (palliative performance scale [PPS%], PPS 
[converted to PPI]), or oral intake after ITA. However, in 
many cases, PPS% and oral intake showed improvement 
(Fig. 3b and Table 2). There was one case of IT catheter 
infection after ITA (Table 1 annotations).

Fig. 2   (a) Changes in pain and 
(b) MME, morphine milli-
gram equivalent. ɸ One case 
showed MME 0 on the day 0 
because only methadone was 
administered without morphine 
conversion
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Discussion

We herein conducted a retrospective analysis of the effects of 
ITA with a subcutaneous port system in cancer patients with 
bone metastasis who died in the palliative care unit. Pain, 
opioid doses, and PPI significantly decreased after ITA.

Although neurolysis improved pain relief and delayed 
opioid dose escalations [16–18], its effects on QOL and 
survival remain controversial [1–3]. Among interventional 
treatments, we herein focused on ITA, which controls pain 
via different mechanisms from neurolysis.

PPI on the after-ITA-day improved from that on the day 0 
(before ITA); however, we were unable to show a beneficial 
effect on the prognosis of patients because the control group 
in the preliminary study, in which the primary lesion, the 
diagnosis stage, and age were not matched, was insufficient.

More improvements were detected by PPS with ten 
grades than by ECOG-PS with five grades, and oral intake, 
which was not included in ECOG-PS, showed improvement. 
These factors may have contributed to the significant differ-
ence observed in PPI. Further studies on a larger number of 
subjects may reveal more significant differences.

Table 2   Changes in Pain, Morphine, ECOG-PS, and PPI factors

PPI: Rated from 0 to 15, with higher scores indicating a worse performance status and poorer survival, combining PPS (converted to PPI): 
[> 60%: 0, 30–50%: 2.5, or 10–20%: 4.5], Edema: [−: 0 or + : 1], Dyspnea: [−: 0 or + : 3.5], Delirium: [−: 0 or + : 4.5], and Oral intake: [normal: 
0, reduced to more than a mouthful: 1, or a mouthful: 2.5]
ECOG-PS: Rated from 0 to 4 (five-grade), with higher scores indicating a worse performance status and poorer survival
PPS: Rated from 100 to 10% (ten grades), with a lower score indicating a worse performance status
PPS (converted to PPI): Rated as 0, 2.5, and 4.5 (three grades), with higher scores indicating a worse performance status, PPS > 60% converted 
to PPI: 0, PPS 30–50% converted to PPI: 2.5, PPS 10–20% converted to PPI: 4.5
Edema: swelling due to fluid in the body, with the exclusion of unilateral lymph edema,
NA: not applicable
Column after IT: 4–16 days after the implementation of ITA, 8 (4–16)
Column post-day 0: 50% from the day 0 to death, 19 (7–132)
* Morphine row of column day 0: 10 cases in total, oral morphine milligram equivalent,
e.g. oral morphine, mg: oral oxycodone, mg: fentanyl citrate patch, mg = 60: 40: 2
** Morphine row of column after IT: 11 cases in total, intrathecal morphine milligram
Ω  Methadone row of column day 0: 3 cases in total, without morphine conversion
Ψ  Ketamine row of column day 0: 2 cases in total, without morphine conversion
§  Edema, Dyspnea, Delirium and Oral intake row of column pre-day 0: 10 cases in total, one case had a missing value
†  ECOG-PS row of column P-value: After IT status: (improvement/no change/deterioration) = (18/82/0%)
††  PPS% row of column P-value: After IT status: (improvement/no change/deterioration) = (55/36/9%)
‡  PPS (convert to PPI) row of column P-value: After IT status: (improvement/no change/deterioration) = (36/64/0%)
‡‡  Oral intake row of column P-value: After IT status: (improvement/no change/deterioration) = (64/18/18%)

Pre-day 0 Day 0 (Before IT) (After IT) Post-day 0 P-value 
(Before vs 
After)

Pain NA 10 (1–10) 0 (0–3.5) NA 0.002
Morphine milligram equiva-

lents
NA 360.0 (0–2400)* 28.8 (1.44–201.60)** NA 0.002

Methadone 3/11 cases NA 20 (20–30)Ω 0 NA
Ketamine 2/11 cases NA 21.6 (19.2–24)Ψ 0 NA
PPI 2.25 (0–3.5) 3.5 (2.5–7.5) 2.5 (0–6.5) 2.5 (0–10.5) 0.017
ECOG-PS (0/1/2 /3/4) 0(0.0)/0(0.0)/3(33.3) 

/6(66.7)/0(0.0)
0(0.0)/0(0.0)/0(0) 

/10(90.9)/1(9.1)
0(0.0)/1(9.1)/1(9.1) 

/8(72.7)/1(9.1)
0(0.0)/1(9.1)/1(9.1)
/5(45.5)/4(36.4)

0.5†

PPS% 55 (50–60) 50 (40–50) 50 (40–60) 50 (20–80) 0.125††

PPS convert to PPI 1.25 (0–2.5) 2.5 (0–2.5) 2.5 (0–2.5) 2.5 (0–4.0) 0.125‡

Edema (absent/present) 8(80.0)/2(20.0)§ 9(81.8)/2(18.2) 9(81.8)/2(18.2) 8(72.7)/3(27.3) NA
Dyspnea (absent/present) 10(100.0)/0(0.0)§ 11(100.0)/0(0.0) 11(100.0)/0(0.0) 11(100.0)/0(0.0) NA
Delirium (absent/present) 10(100.0)/0(0.0)§ 10(90.9)/1(9.1) 10(90.9)/1(9.1) 10(90.9)/1(9.1) NA
Oral intake (0/1/2.5) 6(60.0)/4(40.0)/0(0.0)§ 4(36.4)/5(45.5)/2(18.2) 8(72.7)/3(27.3)/0(0.0) 7(63.6/3(27.3)/1(9.1) 0.117‡‡
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As of December 2023 in Japan, ITA by subcutaneous 
reservoir implantation has not yet been approved, and the 
effects of the early implementation of ITA on the prognosis 
of patients remain controversial [19–21]. Therefore, based 
on the improvement observed in PPI, further evaluations of 
its indications are necessary.

Since ITA is an invasive method, careful considerations 
are required before its implementation, particularly contrain-
dications for puncture, such as infection, bleeding/clotting 
abnormalities, intracranial hypertension, and bone metasta-
sis at the puncture site.

The present study has a number of limitations that need 
to be addressed. This was a single-center retrospective 
study, patient selection was arbitrary, and the sample size 
was small.

In conclusion, the present results suggest that ITA 
reduced refractory cancer bone pain, opioid doses, and PPI.

Acknowledgements  We thank the patients and their families who 
participated in this study, the clinicians from the palliative care unit 
at Saga-ken Medical Center Koseikan, the anesthesiologists at Kitaky-
ushu Municipal Medical Center, and Medical English Service (www.​
med-​engli​sh.​com) for English language editing.

Author contributions  Study concept and design: IH and ES; data col-
lection: IH; manuscript preparation: IH; manuscript editing, review 
and approval: all authors.

Funding  The authors have no sources of funding to declare for this 
manuscript.

Data availability  Raw data were generated at Saga-ken Medical Center 
Koseikan. Derived data supporting the findings of this study are avail-
able from the corresponding author IH on request.

Declarations 

Conflict of interest  The authors declare no conflicts of interest.

Ethical approval  This study was received from the Saga-ken Medical 
Center Koseikan Institutional Research Ethics Board in Saga, Japan.

Prior presentation Part of this article was presented at the 25th Con-
gress of the Japanese Society for Palliative Medicine (August 9–10, 
2020, online, Japan).

References

	 1.	 Dong D, Zhao M, Zhang J, Huang M, Wang Y, Qi L, Wan CF, 
Yu X, Song T. Neurolytic splanchnic nerve block and pain relief, 
survival, and quality of life in unresectable pancreatic cancer: a 
randomized controlled trial. Anesthesiology. 2021;135:689–98.

	 2.	 Fujii-Lau LL, Bamlet WR, Eldrige JS, Chari ST, Gleeson FC, Abu 
Dayyeh BK, Clain JE, Pearson RK, Petersen BT, Rajan E, Topa-
zian MD, Vege SS, Wang KK, Wiersema MJ, Levy MJ. Impact 
of celiac neurolysis on survival in patients with pancreatic cancer. 
Gastrointest Endosc. 2015;82:46–56.

	 3.	 Rathmell JP, Rickerson EM, Tulsky JA, Lillemoe KD. Reassess-
ing the role for sympathetic neurolysis in patients with pancreatic 
cancer. Anesthesiology. 2021;135:573–5.

	 4.	 Fried LP, Tangen CM, Walston J, Newman AB, Hirsh C, Gott-
diener J, Seeman T, Tracy R, Kop WJ, Burke G, McBurnie MA; 
Cardiovascular Health Study Collaborative Research Group. 
Frailty in older adults: evidence for a phenotype. J Cerontol A 
Bio Sci Med Sci. 2001. https://​doi.​org/​10.​1093/​Gerona/​56.3.​
m146.

	 5.	 Anderson F, Downing GM, Hill J, Casorso L, Lerch N. Pal-
liative performance scale (PPS): a new tool. J Palliat Care. 
1996;12:5–11.

	 6.	 Morita T, Tsunoda J, Inoue S, Chihara S. The palliative prognostic 
index: a scoring system for survival prediction of terminally ill 
cancer patients. Support Care Cancer. 1999;7:128–33.

	 7.	 De Iaco F, Mannaioni G, Serra S, Finco G, Sartori S, Gandolfo 
E, Sansone P, Marinangelii F. Equianalgesia, opioid switch and 
opioid association in different clinical settings: a narrative review. 
Eur Rev Med Pharmacol Sci. 2022;26:2000–17.

	 8.	 Takakuwa O, Oguri T, Maeno K, Murase H, Asano T, Ichikawa 
H, Kawaguchi Y, Uemura T, Ohkubo H, Takemura M, Niimi A. 
Long-term use of a once-a day fentanyl citrate transdermal patch 
in lung cancer patients. Oncol Lett. 2015;9:2105–8.

	 9.	 Williamson A, Hoggart B. Pain: a review of three commonly used 
pain rating scales. J Clin Nurs. 2005;14:798–804.

	10.	 World Health Organization. Cancer pain relief. 2nd ed. Geneva: 
World Health Organization; 1996.

Fig. 3   a Changes in PPI and b 
ECOG-PS, PPS, PPI (PPS), and 
oral intake

http://www.med-english.com
http://www.med-english.com
https://doi.org/10.1093/Gerona/56.3.m146
https://doi.org/10.1093/Gerona/56.3.m146


411Journal of Anesthesia (2024) 38:405–411	

	11.	 Mercadante S. Refractory cancer pain and intrathecal therapy: 
critical review of a systematic review. Pain Ther. 2023;12:645–54.

	12.	 Sjöberg M, Nitescu P, Appelgren L, Curelaru I. Long-term intrath-
ecal morphine and bupivacaine in patients with refractory cancer 
pain. Results from a morphine: bupivacaine dose regimen of 0.5: 
4.75 mg/ml. Anesthesiology. 1994;80:284–97.

	13.	 Nitescu P, Appelgren L, Hultman E, Linder LE, Sjögern M, 
Curelaru I. Long-term, open catheterization of the spinal suba-
rachnoid space for continuous infusion of narcotic and bupiv-
acaine in patients with “refractory” cancer pain. a technique of 
catheterization and its problems and complications. Clin J Pain. 
1991;7:143–61.

	14.	 Arcidiacono PG, Calori G, Carrara S, McNicol ED, Testoni PA. 
Celiac plexus block for pancreatic cancer pain in adults. Cochrane 
Database syst Rev. 2011. https://​doi.​org/​10.​1002/​14651​858.​
CD007​519.​pub2.

	15.	 Yan BM, Myers RP. Neurolytic celiac plexus block for pain 
control in unresectable pancreatic cancer. Am J Gastroenterol. 
2007;102:430–8.

	16.	 Lillemoe KD, Cameron JL, Kaufman HS, Yeo CJ, Pitt HA, Sau-
ter PK. Chemical splanchnicectomy in patients with unresectable 
pancreatic cancer: a prospective randomized trial. Ann Surg. 
1993. https://​doi.​org/​10.​1097/​00000​658-​19930​5010-​00004.

	17.	 Süleyman Ozyalçin N, Talu GK, Camlica H, Erdine S. Efficacy 
of coeliac plexus and splanchnic nerve blockades in body and tail 
located pancreatic cancer pain. Eur J Pain. 2004;8:539–45.

	18.	 Nomak H, Szwacka DM, Pater M, Mrugalski WK, Milcrarek MG, 
Staniszewska M, Jankowski R, Barciszewska AM. Holistic approach 

to the diagnosis and treatment of patients with tumor metastases to 
the spine. Cancers. 2022;14:3480.

	19.	 Smith TJ, Staats PS, Deer T, Stearns LJ, Rauck RL, Boortz-Marx 
RL, Buchser E, Català E, Bryce DA, Coyne PJ, Pool GE, Implant-
able Drug Delivery System Study Group. Randomized clinical trial 
of an implantable drug delivery system compared with comprehen-
sive medical management for refractory cancer pain: impact on pain, 
drug-related toxicity, and survival. J Clin Oncol. 2002. https://​doi.​
org/​10.​1200/​JCO.​2002.​02.​118.

	20.	 Davis MP, Walsh D, Lagman R, LeGrand SB. Randomized clini-
cal trial of an implantable drug delivery system. J Clin Oncol. 
2003;15:2800–1.

	21.	 Ripamonti C, Brunelli C. Randomized clinical trial of an implant-
able drug delivery system compared with comprehensive medical 
management for refractory cancer pain: impact on pain, drug-related 
toxicity, and survival. J Clin Oncol. 2003;15:2801–2.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1002/14651858.CD007519.pub2
https://doi.org/10.1002/14651858.CD007519.pub2
https://doi.org/10.1097/00000658-199305010-00004
https://doi.org/10.1200/JCO.2002.02.118
https://doi.org/10.1200/JCO.2002.02.118

	Effects of palliative intrathecal analgesia on patients with refractory cancer bone pain
	Abstract
	Introduction
	Materials and Methods
	Study design
	Patients
	Patient selection for ITA
	Intrathecal (IT) catheter placement
	Drug preparation
	Statistical analysis

	Results
	Baseline characteristics
	Effects of ITA

	Discussion
	Acknowledgements 
	References




