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Purpose: Intrathecal morphine pump (ITMP) infusion therapy is efficient in managing malignant and nonmalignant chronic 
pain refractory to standard treatment. However, the high cost of an ITMP is the greatest barrier for starting a patient on ITMP in-
fusion therapy. Using the revised Korean reimbursement guidelines, we investigated the cost effectiveness of ITMP infusion ther-
apy and conducted a patient survey. 
Materials and Methods: A retrospective chart review of 12 patients who underwent ITMP implantation was performed. Mor-
phine dose escalation rates were calculated, and numeric rating scale (NRS) scores were compared before and after ITMP im-
plantation. We surveyed patients who were already using an ITMP as well as those who were candidates for an ITMP. All survey 
data were collected through in-person interviews over 3 months. Data on the cost of medical treatment were collected and pro-
jected over time.
Results: The NRS score decreased during the follow-up period. The median morphine dose increased by 36.9% over the first year, 
and the median time required to reach a financial break-even point was 24.2 months. Patients were more satisfied with the effica-
cy of ITMP infusion therapy than with conventional therapy. The expected cost of ITMP implantation was KRW 4000000–5000000 
in more than half of ITMP candidates scheduled to undergo implantation.  
Conclusion: The high cost of initiating ITMP infusion therapy is challenging; however, the present results may encourage more 
patients to consider ITMP therapy. 
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INTRODUCTION

Cancer mortality rates have continuously decreased since the 
development of new anti-cancer drugs and advances in radia-
tion therapy and surgical techniques. According to the Korean 

Ministry of Health and Welfare (2013), the number of cancer 
patients has exceeded 1 million in Korea, with a cancer sur-
vival rate of 64.1%.1 For this reason, some physicians believe 
that cancer should be reclassified as a “chronic disease.” Inter-
estingly, after receiving a cancer diagnosis, patients frequently 
have a greater fear of the pain they will encounter during 
treatment than of the difficulties of the cancer treatment pro-
cess or death.2,3 Cancer pain control is the most critical deter-
minant of quality of life for cancer patients; however, multiple 
studies have reported that 40–70% of cancer patients com-
plained that their cancer pain was undertreated.4,5

Intrathecal morphine infusion is used to provide strong 
pain relief by directly infusing low doses of morphine into the 
cerebrospinal fluid surrounding the opioid receptors. This an-
algesic technique reduces the incidence of the adverse effects 
caused by systemic morphine administration, including nau-
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sea, vomiting, somnolence, constipation, dyspnea, and neu-
rotoxicity. Intrathecal morphine provides analgesia equal to 
that of oral morphine alone at 1/300 the oral dose. According-
ly, intrathecal morphine infusion was introduced as a method 
of cancer pain management in 1979 by Wang, et al.,6 and its 
efficacy has been confirmed by others.7 The implantable in-
trathecal morphine pump (ITMP), which was invented in the 
21st century, manages pain in patients with terminal cancer or 
idiopathic chronic pain better than oral narcotics due to its abil-
ity to continuously deliver morphine to the intrathecal space at 
a constant rate.8,9 The first surgically-implanted ITMP in Korea 
was in 2008, to treat cancer and chronic pain.10

In a study of intrathecal morphine administered to 119 pa-
tients with cancer-related pain, Roberts, et al.11 and Rauck, et 
al.12 reported that the median numeric rating scale (NRS) score 
decreased significantly from 6.1 to 4.2 and that the incidence 
of opioid-associated adverse effects was significantly lower 
after 1 month of therapy. Intrathecal morphine infusion is also 
effective in treating patients who experience insufficient pain 
control with previous therapies.13 However, intrathecal mor-
phine infusion is quite expensive. A recent survey of health-
care practitioners who actively implant drug-delivery systems 
found that 40.5% of those surveyed believed that the cost of im-
plantation was the greatest barrier to initiating intrathecal ther-
apy.14 In July 2014, the Korean government began covering 50% 
of this cost in select patients. Reimbursement is currently ap-
proved only in patients with all of the following conditions: 
long-term severe pain (persistent NRS score ≥7), insufficient 
pain control for >6 months when using other analgesic meth-
ods (e.g., oral medications, nerve block), patient life expectan-
cy >1 year, and cancer pain that is unresponsive to high doses 
of oral morphine or an equivalent dose of another narcotic an-
algesic. This last criterion may also be fulfilled in patients with 
a >1-year life expectancy who are unable to tolerate opioid an-
algesics due to related adverse effects. Therefore, we expect 
that more patients will receive ITMP implants, as the costs are 
covered.

In this study, we conducted a retrospective chart review of 
patients who had received an ITMP implant since the intro-
duction of the device in Korea. Analyses focused on the clinical 
condition of patients after implantation and on a variety of 
clinical outcomes related to the intrathecal morphine infusion 
treatment processes. Furthermore, we conducted a survey of 
patients eligible for reimbursement (based on official reim-
bursement guidelines for intrathecal morphine infusion thera-
py) and investigated their intention to undergo ITMP implan-
tation. 

MATERIALS AND METHODS

This study was performed in two phases. In the first phase, 
patients who previously underwent implantation of an ITMP 

were surveyed, and their medical records were retrospectively 
reviewed. In the second phase, patients who were likely candi-
dates for future implantation were surveyed. In patients who 
had already undergone ITMP implantation, surgical treat-
ment before ITMP placement was examined, and NRS pain 
scores were compared before and after implantation. The 
change in morphine dose during ITMP treatment was also in-
vestigated. 

Hospital administration data were surveyed to investigate 
the costs associated with the analgesic protocol. Payments for 
medical services performed at facilities other than Seoul Na-
tional University Hospital were not included in our study. Med-
ication costs were investigated at pharmacies close to Seoul 
National University Hospital. The total cost prior to ITMP im-
plantation included the costs of medical services, interven-
tions, procedures, and medications. The total cost after ITMP 
implantation included outpatient medical costs, analgesics 
for breakthrough pain, and ITMP refills. The cost of medical 
services during the treatment period, expressed in KRW/day, 
was divided into pre- and post-ITMP implantation segments. 
Annual percent escalation in daily opioid dosage was calcu-
lated as a yearly average of all patients using the starting dose, 
final dose, and duration throughout the year. The survey was 
conducted by the Department of Anesthesiology and Pain 
Medicine at Seoul National University Hospital in patients 
who underwent ITMP implantation between 2008 and 2014. 
Patient satisfaction following ITMP implantation was rated on 
a five-point Likert scale. Among the 19 patients who had an 
ITMP implanted, eight had cancer pain, six had complex re-
gional pain syndrome (CRPS), four had failed back surgery syn-
drome (FBSS), and one had diabetic neuropathy. In-person 
surveys could not be conducted in seven patients, as six had 
died and one could not be contacted. In the remaining pa-
tients, oral permission was obtained, and the survey was ad-
ministered through an in-person interview. The questionnaire 
for patients implanted with an ITMP is shown in Fig. 1.

A survey was also administered to patients who were po-
tential candidates for future ITMP implantation. Patients were 
interviewed on an outpatient basis and selected based on the 
following criteria: patients with cancer pain who were unable 
to receive narcotic medication due to opioid-related adverse 
effects, patients with cancer pain using >200 mg oral morphine 
per day (or an equivalent dosage of another narcotic analge-
sic), patients experiencing continuous pain of grade 7 or higher 
on the 11-point NRS, and patients experiencing inadequate 
analgesia for longer than 6 months despite continuous and suf-
ficient pain treatment. During the survey, the price of the im-
plantable pump, its advantages, and the adverse effects were 
explained to patients, who were then given a questionnaire re-
garding their willingness to undergo pump implantation. If the 
patient was not interested, they were asked why they would de-
cline the device. Patients completed the survey over a 3-month 
period (May to August 2014). The questionnaire administered 
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to candidates for future implantation is shown in Fig. 2.

Statistical analyses
The Wilcoxon signed rank test was used to compare NRS 
scores before and after ITMP implantation, which are expressed 
as median values. The daily costs before and after ITMP im-
plantation were compared. The medical cost before ITMP im-
plantation was estimated assuming that daily medications re-
mained unchanged until death. The true patient cost of ITMP 
implantation was divided by the post-implantation duration. 
The monthly median cost of analgesic treatment after ITMP 
implantation was determined for all patients and compared 
with the projected monthly median cost before ITMP implan-
tation to determine which pain management method was 
more cost effective. The morphine-equivalent dose was calcu-
lated in patients who were candidates for future ITMP im-
plantation. The statistical significance of differences between 
the malignant pain and non-malignant pain groups was de-
termined using the Mann-Whitney U-test.

Ethics statement
The study protocol was approved by the Institutional Review 
Board (IRB) of Seoul National University Hospital (IRB No. 
1405-039-578). The need for written informed consent was 
waived by the IRB.

RESULTS

Characteristics of patients with implantable intrathecal 
morphine pumps
Nineteen patients were implanted with an ITMP (Medtronic 
SynchroMed II® pump, Medtronic, Inc., Minneapolis, MN, 
USA) between March 2008 and July 2014 to manage uncon-
trolled pain. Seven patients were excluded from analyses, as 
they had died or could not answer the survey questions. There-
fore, 12 patients were ultimately included in the analyses. The 
demographic information of these 12 patients is summarized 
in Table 1. 

All procedures were performed at the pain clinic of Seoul 
National University Hospital by one or two surgeons. Intrathe-
cal access to the spine was gained under fluoroscopic guidance. 
In one patient (case 5), the pump and catheter were removed 
due to a blocked catheter, and a new pump was implanted at a 
different site. One patient suffered from continuous itching, 
and another patient complained of constipation. Nine pa-
tients reported no adverse effects following ITMP implanta-
tion. Opioid tolerance was not observed in any patient. The 
morphine dosage of all patients increased during the treat-
ment period (Fig. 3). The median (25th, 75th percentiles) daily 
dose of morphine was initially 0.24 (0.20, 0.71) mg/day, but 
this increased to 1.51 (0.94, 3.5) mg/day at the last follow-up 
visit. The median infusion rate of morphine increased most 

Fig. 1. Questionnaire completed by patients with an intrathecal mor-
phine pump.

Fig. 2. Questionnaire completed by patients who were candidates for 
intrathecal morphine pump implantation. 
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rapidly during the first year after implantation, by 36.9%. How-
ever, in the second year, no significant increases in morphine 
dose were observed. In addition, 11 of 12 patients preferred 

ITMP over previously used pain management techniques and 
considered it superior to conventional treatments. Only one 
patient did not answer this question (Fig. 4).

Survey results from patients with an implanted 
intrathecal morphine pump
The 12 patients surveyed included six patients with CRPS, four 
patients with FBSS, one patient with diabetic neuropathy, and 
one patient with breast cancer and lumbar metastasis. Seven 
patients with cancer pain were excluded from these analyses, 
as they had died from terminal cancer. All surveyed patients 
reported severe pain prior to ITMP implantation, as reflected 
by a median NRS pain score of 10 (10, 10) and shown in Table 
1. After ITMP implantation, the median NRS pain score was 5 
(1.62, 8), which continued to decrease during the follow-up 
period (Fig. 5). 

The pre-implantation cost included the cost of opioid medi-
cation and pain-control procedures (e.g., interventional nerve 

Fig. 4. The percentage of patients who preferred ITMP therapy over 
previous pain-management strategies. Data indicate the percentage (%) 
of patients stating that ITMP was better than conventional therapy. 
ITMP, intrathecal morphine pump.

ITMP 92%

No answer 8%

Conventional therapy 0%

Fig. 3. Change in morphine infusion rate in the 12 patients examined.
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Table 1. Demographic and Clinical Parameters before and after ITMP Implantation

Case no. Age Sex
Pain duration before 
implantation (days)

Diagnosis
Pre-ITMP 

NRS
Post-ITMP 

NRS
Surgery

1 67 F 2075 FBSS 10 8 Laminectomy
2 40 F 962 CRPS type 1 10 5 Nothing
3 38 M 458 FBSS 10 3.5 SCS trial
4 52 M 2126 CRPS type 1 10 9 SCS trial
5 50 M 1815 CRPS type 2 10 6 SCS trial, ITDAS fail
6 57 M 2312 DM neuropathy 10 5 Discectomy, DM foot amputation
7 49 M 2265 CRPS type 2 10 0 SCS trial, SCS implant
8 62 M 1389 CRPS type 2 10 9 Laminectomy, SCS trial
9 64 F 2257 FBSS 10 8 Laminectomy, discectomy, posterior fusion
10 45 M 2341 CRPS type 1 10 1 SCS trial
11 35 M 1942 FBSS 10 5 Scoliosis deformity operation
12 73 F 143 Breast cancer metastasis 10 0 L1, L3 vertebroplasty

F, female; M, male; ITMP, intrathecal morphine pump; FBSS, failed back surgery syndrome; CRPS, complex regional pain syndrome; DM, diabetic mellitus; SCS, 
spinal cord stimulator; ITDAS, intrathecal drug administration system. 

Fig. 5. Comparison of numeric rating scale (NRS) pain scores before 
and after ITMP implantation. Z-statistic (based on positive ranks)= 
-3.068, p<0.001. ITMP, intrathecal morphine pump.
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block, analgesic injections). The post-implantation cost in-
cluded ITMP drug refill, the refill kit, professional fees, and 
medication for breakthrough pain. The total implant cost in-
cluded ITMP equipment cost, operating room fees, and pro-
fessional fees. The median interval to cost effectiveness was 
24.2 months (Table 2).

The results of the Patient Satisfaction Scale are shown in Ta-
ble 3. Five patients were satisfied with the ITMP, six were neither 

satisfied nor dissatisfied with the ITMP, and one was somewhat 
dissatisfied. This dissatisfied patient reported that he was un-
able to operate the remote control by himself, making it impos-
sible for him to immediately adjust his medication in response 
to sudden changes in pain.

Survey of potential candidates for intrathecal 
morphine pump implantation
In total, 27 patients with malignant pain and 27 patients with 
non-malignant pain were surveyed. The dose of oral mor-
phine was significantly higher in the malignant pain group than 
in the non-malignant pain group (Fig. 6). Nausea and vomiting 
were the most commonly reported adverse events in both groups 
(Fig. 7).

Three patients reported that they were aware of ITMP im-
plantation, leaving 51 patients who had no prior knowledge of 
the device. Seven of 27 patients with malignant pain and two 
of 27 patients with non-malignant pain indicated that they were 
willing to undergo ITMP implantation. Overall, 41 of 45 pa-
tients declined ITMP implantation due to the high procedural 
cost. The remaining four patients were uncertain as to why 
they did not want to receive the pump. When asked what a 
reasonable price would be to make them choose implantation, 
51% of those who declined the procedure reported a price range 
of KRW 4000000–5000000 (Table 4).

DISCUSSION

Many studies have shown that an ITMP is effective in provid-
ing pain control, even at small morphine doses, indicating that 
this analgesic technique may help restore analgesia without 
alternative measures, such as opioid rotation or opioid holi-
days. This study also showed satisfactory pain control in pa-

Table 2. Patient Costs before and after ITMP Implantation

Patient Pre-implant (KRW/day) Post implant (KRW/day) Total ITMP (KRW) 
Financial break-even point 

(months)
1 99054.9 8217.00 18510752 6.8
2 28361.51 1353.77 16966970 20.9
3 41523.55 523.28 17209832 14.0
4 39676.77 1734.59 19031905 16.7
5 9703.77 1428.76 16562215 66.7
6 14674.33 1588.84 16981868 43.3
7 14141.85 1756.42 17576343 47.3
8 29294.40 1237.82 16420964 19.5
9 17492.67 283.61 16588496 32.1
10 21540.50 1697.61 16407143 27.6
11 29767.14 1743.64 19386157 23.1
12 24743.96 2991.46 16427779 25.2

Median 26552.735 1643.23 16974419 24.2

ITMP, intrathecal morphine pump.

Table 3. Patient Satisfaction Rate

Level of satisfaction No. of patients % of patients
Completely satisfied 0 0
Somewhat satisfied 5 41.7
Neither satisfied nor dissatisfied 6 50.0
Somewhat dissatisfied 1 8.3
Completely satisfied 0 0

Fig. 6. Comparison of morphine-equivalent dose between patients with 
malignant and non-malignant pain.
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tients with an ITMP implant. 
Intrathecal drug dose escalation has been reported in multi-

ple studies,15 indicating that dose escalation may be indepen-
dent of the opioid delivery method. A longitudinal study exam-
ining intrathecal morphine dose escalation showed that 17% of 
patients with neuropathic pain and 12% of patients with other 
types of pain experienced dose escalation.16 In the present 
study, the median morphine escalation rate increased rapidly 
in all patients and was 36.9% during the first year of ITMP use, 
which was higher than that in the previous study.16 We pre-
sumed that this was due to several reasons. First, the morphine 
dose inevitably increases rapidly immediately after transplan-
tation, as patients implanted with an ITMP have pain that can-
not be controlled with medication or medical procedures. Their 
pain intensity was 10 before ITMP implantation, as shown in 
Table 1.

Second, the initial dose in the study was about 75% of the 
morphine-equivalent dose, which was calculated from oral 
conversion to intrathecal morphine according to standard 
guidelines17 in order to avoid morphine overdose complica-
tions, such as respiratory depression, pinpoint pupils, nausea, 
and drowsiness. Instead, patients in our study were prescribed 
oral morphine at a dosage equivalent to 25% of the calculated 
morphine dose. These observations indicated that a drug opti-
mization process with a high escalation rate for intrathecal 
morphine occurred during the first year after ITMP implanta-
tion. Third, in the present study, patients with an ITMP were 

not prescribed any simultaneous opioid-sparing adjuvant 
therapy. In accordance with a previous study examining fac-
tors associated with opioid dose escalation, rapid opioid dose 
escalation was observed in the first 3 years after implantation 
in the absence of any other adjuvant therapy and in patients 
who had been continuously administered opioids for neuro-
pathic pain.18 

Another possible explanation for the rapid morphine esca-
lation rates is that we predicted an initial dose for continuous 
ITMP based on systemic opioid usage according to old guide-
lines only.17 Malhotra, et al.19 attempted to minimize ongoing 
intrathecal dose adjustment and proposed systemic opioid 
dosage using the old guidelines. According to their study, to 
reduce potential under- or overdosing, various methods such 
as the use of a bolus single shot and systemic opioids using 
specific equations should be considered. 

According to Brogan, et al.,20 the cost break-even point is 
reached at 7.6 months in cancer patients (n=36 patients). Es-
sentially, in patients who are administered parenteral high-
dose morphine and non-generic products, the cost of ITMP 
implantation is recovered at 7.6 months after implantation. As 
specified by the ITMP manufacturer’s (Medtronic) regional 
data, the cost of ITMP implantation in 2014 was approximately 
$14900 in Korea and $35601 in the US. According to Mueller-
Schwefe, et al.,21 11–22 months were required to reach the cost 
break-even point for patients with non-malignant pain. There 
are several explanations for the longer break-even point (22.4 
months) observed in this study. First, outpatient medical costs 
and generic medications are less expensive in Korea than in 
the US. Second, unlike previous studies that investigated only 
cancer pain, this study included patients with chronic non-ma-
lignant pain. This increased the duration of the examination 
and treatment periods before ITMP implantation. Third, pa-
tients with chronic, non-malignant pain who were not hospi-
talized and who did not receive intravenous analgesics had 
lower costs before ITMP implantation, which lengthened the 
break-even point. Additionally, money spent at facilities other 
than Seoul National University Hospital was not included in 
pre-implantation costs, which may have lowered the pre-im-
plantation costs and lengthened the break-even point. 

In accordance with the Korean reimbursement guidelines 
announced in July 2014, 50% of ITMP costs can be reimbursed 
if life expectancy is greater than 1 year in patients with cancer 
pain who cannot take opioids due to narcotic-related adverse 
effects, if life expectancy is greater than 1 year in patients with 
cancer pain uncontrolled by high-dose opioids (oral mor-
phine-equivalent dose ≥200 mg/day), or if the patient has re-
fractory chronic pain that is unresponsive to other treatments 
for longer than 6 months. Based on our results, a median time 
of 24.2 months is required to reach the financial break-even 
point. Considering this length of time and the current ITMP 
costs, financial losses may occur for patients choosing to use 
an ITMP. Additional studies examining current ITMP-associ-

Fig. 7. Adverse effects experienced by patients implanted with an intra-
thecal morphine pump. 
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Table 4. Reported Optimal Intrathecal Morphine Pump Price

Cost No. of patients % of patients
KRW 3000000–4000000 4 7.4
KRW 4000000–5000000 28 51.8
KRW 5000000–6000000 6 11.1
KRW 6000000–7000000 5 9.6
KRW 7000000–8000000 2 3.6
KRW 8000000–9000000 2 3.6
More than KRW 9000000 7 12.9
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ated costs are required. One concern that cannot be ignored 
is that the life span of an ITMP may be less than six years.18 

Patients with cancer pain who underwent ITMP implanta-
tion were administered a significantly higher oral morphine-
equivalent dose and had higher incidences of morphine-re-
lated adverse effects than patients with chronic non-malignant 
pain. Ver Donck, et al.22 also reported that support for intra-
thecal drug administration is stronger for managing cancer 
pain than for non-cancer pain.22,23 Consequently, the demand 
for ITMPs is expected to be higher among patients with can-
cer pain. However, as shown in Table 4, the cost-effectiveness 
of ITMP implantation must also be considered, as implanta-
tion costs are expected to be between KRW 4000000 and KRW 
5000000 in over 50% of ITMP candidates. 

Study limitations
First, only one patient with cancer pain was included in this 
study. Eight of nineteen patients who underwent ITMP im-
plantation had cancer pain. However, seven of these eight pa-
tients died before completing the survey. Therefore, it is highly 
unlikely that the 24.2-month interval to reach cost effective-
ness is applicable to cancer patients. Furthermore, this study 
included only patients who underwent ITMP implantation at 
Seoul National University Hospital, and financial outcomes 
may vary as a result of differences in medical care costs be-
tween hospitals.

Second, although the equivalent dose of breakthrough oral 
medication after ITMP implantation was very low compared 
to that required with ITMP, further studies are required to in-
vestigate the additional costs of controlling breakthrough pain 
and/or performing interventional procedures for managing 
additional pain in other locations that may not be covered by 
an IT pump. 

Finally, the rate of refusal for ITMP implantation was higher 
than expected, largely due to the high cost of ITMP implanta-
tion. Patients were informed that the cost was KRW 15000000; 
however, this was before the Korean government approved a 
50% reimbursement for certain patients. We expect that the 
reduced cost of ITMP implantation will increase the propor-
tion of candidates who elect to undergo the procedure. 
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