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Purpose: Intrathecal morphine infusion therapy via a percutaneous port (IMITPP) has been

used widely for its relatively low initial cost. However, there is scarce knowledge about

IMITPP. In this study, we sought to evaluate efficacy, complications, and the interval

required to achieve the cost equivalence of IMITPP in patients with refractory cancer pain

in China.

Patients and Methods: A retrospective chart review was conducted on cancer patients

who had received IMITPP at our hospital between April 2017 and April 2019. Data from the

numeric pain rating scale and Karnofsky performance scores, and complications and costs

related to IMITPP were collected from medical records. Daily analgesic costs before and

after IMITPP were calculated based on the doses of opioids on admission and at discharge,

respectively. The doses of systemic opioids before IMITPP were stratified into very high

doses [VHD, oral morphine equivalent dose (OMED) >599 mg/day], high doses (HD,

300 mg/day ≤ OMED ≤ 599 mg/day), and regular doses (RD, OMED < 300 mg/day).

Results: Intrathecal morphine infusion therapy via a percutaneous port provided significant

pain relief, but impaired activities of daily living in patients with refractory cancer pain. The

commonly reported complications included nausea/vomiting and urinary retention, most of

which were managed with symptomatic therapies. The median interval required to achieve

cost equivalence was 11.44 months. The median intervals of VHD group and HD group were

significantly shorter than that of RD group.

Conclusion: Intrathecal morphine infusion therapy via a percutaneous port provided effec-

tive cancer pain management without causing serious complications. Patients with higher

doses of systemic opioids would economically benefit from IMITPP in a shorter time.
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Introduction
Pain is a major fear and concern of many cancer patients and often causes depression,

morbid mood and reduced quality of life when poorly controlled.1,2 Intrathecal mor-

phine infusion therapy is considered for the management of refractory cancer pain

which failed to be treated with the World Health Organization (WHO) pain ladder.3–5

Intrathecal morphine infusion therapy directly delivers morphine at about 1/300 the

oral dose into the cerebrospinal fluid (CSF) through an intrathecal catheter, which

provides a strong analgesic effect and reduces the incidence of the adverse events
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caused by systemic opioids.4 The intrathecal catheter is con-

nected to either an implanted morphine pump or

a percutaneous port which is attached to an external drug

infusion pump.6,7

Despite its effectiveness in pain relief, the implementa-

tion of intrathecal morphine infusion therapy is impeded by

the high initial cost in cancer pain patients.7,8 Previous

reports on cost effectiveness suggested different intervals

for cost equivalence from 19 to 344months between intrathe-

cal morphine infusion therapy via an implanted morphine

pump and conventional medicine therapy depending on dif-

ferent countries or regions.4,9–12 Intrathecal morphine infu-

sion therapy via a percutaneous port (IMITPP) is expected to

take a shorter time to reach cost equivalence than intrathecal

morphine infusion therapy via an implanted morphine pump

because of its relatively lower initial implantation costs,

which would be a better choice for the advanced cancer

patients with short life expectancy.3,4 However, there is

a lack of knowledge about intervals for cost equivalence

between IMITPP and conventional medical therapy.

In this study, we conducted a retrospective chart review

on patients who had received IMITPP for refractory cancer

pain in China. The clinical efficacy and the incidence of

adverse events were assessed. Moreover, the interval

required to achieve cost equivalence of IMITPP and asso-

ciated factors were also studied.

Materials and Methods
Patient Population
From April 2017 to April 2019, 56 cancer pain patients

were implanted with an intrathecal catheter connected to

a percutaneous port (C.R. Bard, Inc., Murray Hill, NJ,

USA) for IMITPP. Thirteen patients were excluded from

the study for the following reasons. Two patients suffered

from chronic nonmalignant pain, four patients underwent

more than one operation for pain management during the

same hospitalization, and seven patients did not develop

opioid tolerance before IMITPP. Therefore, 43 patients

were included for analysis in the study.

All procedures were performed under local anesthesia

in the aseptic operating room at China–Japan Friendship

Hospital. Intrathecal access was obtained in the lumbar

region under the guidance of X-ray. The intrathecal

catheter was implanted into the intrathecal space and

the tip of catheter was placed at a spinal level correlated

best with the dermatomal distribution of the pain. Then,

a subcutaneous tunnel was built, and the catheter was

connected to a subcutaneous port via the tunnel.

Morphine diluted with 0.9% sodium chloride solution

to 100 mL (Qinghai Pharmaceuticals, Xining, China)

was infused to intrathecal space through the subcuta-

neous port by an external drug infusion pump (Hospira

Inc., Chicago, IL, USA). Intrathecal morphine was

initiated and titrated according to guidelines and clinical

experience. Opioids given by systemic routes were then

stopped or quickly weaned off before the patients were

discharged from the hospital.

Data-Gathering Procedures
Medical records of enrolled patients were retrospectively

reviewed. Patients’ demographic data (such as sex, age,

height and weight), types of cancer, technical data (such as

insertion interspace, catheter tip location), complications

related to IMITPP were obtained from the medical records.

Numerical pain rating scales (NRS) scores, Karnofsky per-

formance scores (KPS), and doses of opioids before and after

IMITPP were also determined. Costs before IMITPP (pre-

IMITPP) were calculated based on the types and doses of

systemic opioids on admission, including professional fee

and costs of systemic opioids. Costs after IMITPP (post-

IMITPP) were calculated based on the doses of intrathecal

morphine at discharge, including professional fee, rental of

the external drug infusion pump, costs of medication (mor-

phine hydrochloride injection and 0.9% sodium chloride

solution) and disposable wound care pack. The total implan-

tation costs were determined as the total hospitalization

expense, which included the costs of subcutaneous port and

medication, ward fee, laboratory fee, image examination fee,

anesthetic fee and operation fee.

Dose Stratification
The doses of systemic opioids before IMITPP were sum-

marized as the oral morphine equivalent dose (OMED), and

then patients were categorized according to the Edmonton

classification for daily oral morphine dose.13,14 Patients with

OMED > 599 mg/day were determined as very-high doses

(VHD) group, 300–599 mg/day as high doses (HD) group,

and <300 mg/day as regular doses (RD) group.

Assumptions
Certain assumptions were made:

1. We assumed that patients would remain on their

analgesic regimens without dose escalation both

before and after IMITPP.
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2. It was assumed that patients would have a fixed visit

frequency as required (once every 14 days) regardless

of whether they received ITIMPP or not, so the

professional fees of visits can be divided evenly.

Ethics Approval and Informed Consent
The present study was conducted in accordance with the

Declaration of Helsinki and approved by the ethical commit-

tee of China–Japan Friendship Hospital (2019-BZR-16).

Given that it was relatively difficult to contact all the patients

and acquire written informed consents for this retrospective

research, the ethical committee approved the study waiving

the informed consents in view of the academic significance

and the fact that the patients’ personal information was used

for research only.

Data Analysis
Paired-samples t-test was used to compare NRS and KPS

scores before and after IMITPP. The daily costs before and

after IMITPP were compared. The total implantation costs

for IMITPP were divided by the difference between the

daily costs before and after IMITPP to determine the

interval required to achieve cost equivalence in each

patient. The intervals among different groups were tested

by one-way analysis of variance (ANOVA) and post hoc

Bonferroni test. Statistical analyses were conducted using

SPSS version 22.0 (IBM Corp., Armonk, NY, USA). The

data are expressed as median values [75% interquartile

range (IQR)]. The significant level was taken as p<0.05.

Results
Complete data for 43 patients (30 male/13 female) were

analyzed. Median age at beginning of IMITPP was 60 years

(IQR: 53–64). Median duration of cancer pain before IMITPP

was 0.75 years (IQR: 0.42–1). Thirty-five patients (81.40%)

selected IMITPP due to inadequate pain relief by systemic

opioids, and for others (18.60%), intolerance of systemic

opioids-induced toxicity was the primary reason. The demo-

graphic characteristics of the patients are shown in Table 1.

The intrathecal catheters were inserted at the L2-3

(n=14), L3-4 (n=25) or L4-5 (n=4) intervertebral space

in all patients. The location of catheter tips was selected

based on pained region and most were located at the level

of the T8, T9, T10 and T11 vertebral body (16.28%,

13.95%, 18.60% and 13.95%, respectively) (Table 2).

All the patients were receiving systemic opioids (includ-

ing oral and intravenous morphine, oral oxycodone, and

transdermal fentanyl) before IMITPP, at a median daily

OMED of 320 mg (IQR: 170–560). The median dose of

intrathecal morphine was 1.1 mg (IQR: 0.5–2.4) at dis-

charge, and the median conversion ratio from OMED to

dose of intrathecal morphine was 307.69 (IQR: 191.60–440).

The 43 patients suffered moderate to severe pain with

a median NRS score of 7 (IQR: 7–7) on admission before

IMITPP, even treated with systemic opioids. The median

NRS score was 3 (IQR: 2–3) at discharged after IMITPP,

which was significantly lower than that before IMITPP

(t=21.148, p=0.000) (Figure 1).

On admission for IMITPP, the median KPS score of

patients was 75 (IQR: 60–95). A significant impairment of

the activity of daily living was observed when patients

were discharged after IMITPP as compared by paired-

samples t-test (t=2.243, p=0.030) (Figure 2).

Nausea/vomiting and urinary retention were the most

frequent drug-related adverse events, which was observed

in 14 patients (32.56%) and nine patients (20.93%),

respectively (Figure 3). Two patients experienced severe

diarrhea after conversion from systemic opioids to

intrathecal morphine, which was reversed by deceleration

of decreased speed of systemic opioids dosage, instead of

symptomatic treatment. Other drug-related adverse

advents subsided with conservative treatments within

a few days. Another two patients suffered from post-

dural puncture headache in consideration of cerebrospinal

fluid leak, which was managed conservatively with bed

Table 1 Baseline Characteristics of Patients

Parameter Patients (n=43)

Age, y 60 (IQR: 53–64)

Gender (M/F) 30/13

BMI (kg/m2) 20.82 (IQR: 18.38–23.34)

Pain duration before IMITPP, y 0.75 (IQR: 0.42–1)

Type of Cancer, %

Lung 13 (30.23%)

Gastrointestinal tract 9 (20.93%)

Hepatobiliary tract 7 (16.28%)

Gynecological 4 (9.30%)

Kidney 2 (4.65%)

Mediastinal 2 (4.65%)

Prostate 2 (4.65%)

Other 4 (9.30%)

Reason for IMITPP

Inadequate pain relief 35 (81.40%)

Intolerance of drug-related toxicity 8 (18.60%)

Abbreviations: F, female; M, male; y, year; IQR, 75% interquartile range; IMITPP,

intrathecal morphine infusion therapy via a percutaneous port.
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rest and increased fluid intake. No other operative compli-

cations were noted.

The costs of IMITPP include the initial implantation

costs and daily maintenance costs. The median daily

analgesic costs before and after IMITPP were 130.67

RMB (IQR: 67.17–321.37) and 4.62 RMB (IQR: 4.36–

5.38), respectively. The median hospitalization expense for

IMITPP was 47058.70 RMB (IQR: 40812.56–54741.41),

and the median interval required to achieve cost equiva-

lence was 11.44 months (IQR: 5.88–28.40). The estimated

interval to cost equivalence varied significantly when

patients were categorized according to different OMED

before IMITPP (F=42.01, p<0.001) (Figure 4). Very-high

doses group (2.89 months, IQR: 2.15–4.07) had

a significant shorter interval than both HD group (9.71

months, IQR: 7.43–11.30) (p<0.001) and RD group

(28.83 months, IQR: 20.90–36.18) (p<0.001), and HD

group also had a shorter interval compared with RD

group (p<0.001).

Discussion
Intrathecal morphine infusion therapy is an effective treat-

ment option for refractory cancer pain, which delivers

smaller doses of morphine into the intrathecal space to

produce powerful analgesic effect with minimal systemic

adverse effects.3–5 The implanted intrathecal morphine

pump is usually used for intrathecal morphine infusion

therapy and is suitable for long-term use. However, the

high initial cost is a major obstacle.15 Recently, intrathecal

morphine infusion therapy via a percutaneous port

(IMITPP) has become a widely used approach in some

countries for its relatively lower cost.3,16–18 The efficacy

and safety of IMITPP were assessed in this study.

A significant decrease of NRS and KPS scores was

observed after IMITPP, without serious drug-related

adverse events and operative complications. The present

study was the first to examine the cost utilization of

IMITPP in patients with refractory cancer pain in China.

Our results showed a median interval required to achieve

cost equivalence at 11.44 months, but at 9.71 months and

2.89 months for HD group and VHD group, respectively.

Our results suggested IMITPP as an effective approach

and more cost-saving selection for cancer pain patients

with limited life expectancy.

The effectiveness of intrathecal morphine infusion

therapy via an implanted morphine pump has been vali-

dated for both cancer pain and non-cancer pain

worldwide.19–22 Our present study shows that IMITPP is

also effective for cancer pain refractory to the World

Health Organization’s (WHO) “analgesic ladder” of pain

Table 2 Location of Catheter Tips

Vertebral Body Level C7 T2 T3 T6 T7 T8 T9 T10 T11 T12 L1 L5

Patients (n) 1 2 1 2 1 7 6 8 6 5 3 1

Figure 1 Comparison of numeric rating scale (NRS) scores before and after

IMITPP (n=43). ***p <0.001 vs pre-IMITPP.

Abbreviation: IMITPP, intrathecal morphine infusion therapy via a percutaneous

port.

Figure 2 Comparison of Karnofsky performance scores (KPS) before and after

IMITPP (n=43). *p <0.05 vs pre-IMITPP.

Abbreviation: IMITPP, intrathecal morphine infusion therapy via a percutaneous

port.
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management, which coincides with Zheng’s as well as

Kim’s reports.16,18 Positions of catheter tips were sup-

posed to be important for the effectiveness of IMITPP,

which varied between C7 and L5 in the 43 patients in

the present study. As the existence of concentration gradi-

ents for many compounds in the CSF after intrathecal

infusion was supported by recent magnetic resonance ima-

ging evidences, it seems to be helpful for improving effec-

tiveness to place the catheter tip close to the target

receptors of the spinal segment responsible for the pain

generator.5,23–25 Despite its effectiveness in pain relief,

IMITPP was demonstrated to be harmful to the patients’

activities of daily living, which contrasts with a previous

study showing an improvement in the quality of life and

the ability to participate more fully in daily activities in

patients treated with intrathecal morphine infusion therapy

via an implanted morphine pump.26 There are several

explanations for the decrease of KPS scores after

IMITPP in this study. First, the patient treated with

IMITPP had to wear an external drug infusion pump,

which hinders patient’s movement.3 Second, meticulous

exit site care with appropriate measures is necessary to

avoid infection and catheter dislodgement or removal.6

Concerns regarding complications impede the further

dissemination of IMITPP.22,27 Although intrathecal morphine

infusion therapy reduces the incidence of the adverse advents

caused by systemic opioids due to high morphine concentra-

tions at the site of action, several operative and drug-related

complications may arise after implantation.3,4 As compared

to intrathecal morphine infusion therapy via an implanted

morphine pump, disadvantages of IMITPP in operative com-

plications are infection and the possibility of inadvertent

catheter dislodgement or removal, which could be avoided

by careful maintenance and was not observed in this study.6

Drug-related adverse events were the most common compli-

cations in intrathecal morphine infusion therapy.4 In the

present study, most of the drug-related adverse events were

controlled by symptomatic treatments and generally subsided

within a few days, which is in accordance with other

studies.11,22 It is notable that severe diarrhea was reported

in two patients after conversion from systemic opioids to

intrathecal morphine, which was reversed by deceleration

of decreased speed of systemic opioids dosage, but not by

symptomatic treatment. We considered diarrhea as

a gastrointestinal withdrawal symptom associated with sys-

temic opioids withdrawal in the two patients.27 Additional

studies examining factors associated with risks of gastroin-

testinal withdrawal symptom are required.

The cost savings attributable to intrathecal morphine

infusion therapy deserve further mention because of its

high initial costs. The advantage of intrathecal morphine

infusion therapy in expenditure is the lower maintenance

cost.4 So, it takes time for patients to cost benefit from

intrathecal morphine infusion therapy. An interval of 334

months was required to reach cost equivalence in cancer

patients with intrathecal morphine infusion therapy via

an implanted morphine pump in the USA, while the

interval was 24.2 months in Korea and 28 months for

chronic low back pain in Canada.10–12 Based on our

results, IMITPP may become cost-beneficial at a shorter

interval (11.44 months) than intrathecal morphine infu-

sion therapy via an implanted morphine pump, profiting

Figure 4 Interval required to achieve cost equivalence among different pre-IMITPP

oral morphine equivalent dose (OMED) groups. N=19 for RD group, n=14 for HD

group, and n=10 for VHD group. ***p <0.001 vs RD group, ###p <0.001 vs HD

group.

Abbreviations: RD, regular doses; HD, high doses; VHD, very high doses.

Figure 3 Adverse events related to intrathecal morphine experienced by IMITPP

patients.
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from the relatively low initial costs of IMITPP. Notably,

patients in the VHD group achieved cost equivalence in

less than 3 months in this study, suggesting that IMITPP

is suitable for patients with extremely limited life expec-

tancy. As we assumed that patients would remain on their

analgesic regimen without dose escalation, the cost of

systemic opioids was expected to be significantly under-

estimated, which leads to a longer calculated interval

than it should be.10

Inevitably, there are still some limitations in this study.

First, it is a retrospective study without clinical follow-ups,

which makes it difficult to assess the long-term complications

of IMITPP. Second, the present study only included patients

who underwent IMITPP in China–Japan Friendship Hospital

and did not consider the differences in medical costs between

hospitals. Finally, a contrastive analysis of IMITPP and

intrathecal morphine infusion therapy via an implanted mor-

phine pump should be conducted in further study, which could

reveal the advantages of IMITPP in cost utilization better.

Conclusion
Intrathecal morphine infusion therapy via a percutaneous port

could provide effective pain relief without causing serious

complications in patients with refractory cancer pain. Cancer

pain patients with limited life expectancy were expected to

cost benefit from IMITPP for its merits of easy operation and

cost savings. Intrathecal morphine infusion therapy via

a percutaneous port may be a more cost-beneficial treatment

option for patients receiving systemic opioids in large doses.
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