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Abstract
Introduction: Intrathecal baclofen (ITB) and morphine (ITM) pumps improve pain, spasticity and 
QoL. Pump explantations due to complications are more expensive and traumatic for patients. 
Determining complication rates is beneficial from a bio-psychosocial aspect.

Aims: Determine the perioperative complications post-primary pump implantation (1998-2016); 
perform a service evaluation. 

Methods: A retrospective review of indications, dose changes over time, and the complications 14 
days post-operatively.

Results: 48 adult patients were included. The overall perioperative complication rate was 24%. 10% 
were pump related (4 catheter blocks, 1 pump failure), 14% non-pump related (1 CSF leak, 
3 haematomas, 2 superficial infections). The mean initial and current ITM doses were 4.27mg/day 
and 10.4mg/day, and 120.61 mcg/day and 215mcg/day for ITB. Patients rated the service as 
excellent. 73.4% ranked their QoL improvement moderate (2-4/5) to excellent (5/5). Moderate 
symptom control satisfaction (3.70/5 (ITB), 3.82/5 (ITM)). Conclusion: These results are comparable 
to those from the NHNN and current literature (level III evidence). There is a gap between the 
number of patients eligible for pump implantation and procedures performed per annum. Reviews 
across the UK including patient surveys are required to set a standard of care and support 
adequate resource allocation for the continuation of this service.

Introduction
Pain and spasticity impact on all aspects of life: sleep, work, social relationships, family life, 
finances.3 Spasticity is an increase in muscle tone with speed of stretch.14 Inhibitory descending 
pathways from the brain cortex to the spinal cord are lost due to central nervous system 
pathologies. Pain can be related to cancerous and non-cancerous causes; e.g. chronic/failed back 
syndrome, fibromyalgia, chronic pain syndromes.2

Management options for spasticity include several drug classes administered either orally or 
intrathecally. Benzodiazepines act on the GABAA receptors in the spinal cord, exert an inhibitory 
effect and ease spasticity. Dose increments are needed over time leading to more side-effects 
(drowsiness, headache, weakness, dizziness and sedation). Baclofen (GABAB receptor agonist) 
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crosses the blood-brain barrier and eases spasticity most efficiently with similar side-effects if 
taken orally. Dantrolene acts on the sarcoplasmic reticulum inhibiting release of calcium with 
comparable side-effects and hepatitis.2 For botulinum Toxin A the dose is related to ideal body 
weight. A limited number of muscle groups can be treated once every four to six months.24

Pain can also be treated with intrathecal medication, namely morphine. Morphine acts on the 
opioid receptors in the brain and spinal cord. Respiratory drive depression is the most dangerous 
side-effect when taken orally for chronic conditions. Intrathecal therapy dates back to the 19th 
century. August Bier injected himself and six other patients with cocaine in the subarachnoid 
space heralding a new era for spinal analgesia.17 An RCT found that intrathecal compared to 
conventional morphine delivery has an 85% and 71% success rate respectively.5 ITM also improves 
patients’ quality of life (QoL) and longevity with fewer side-effects.5,6,25,37 

Need for intervention:

In the US over $100 billion/year are spent on pain management. 35 million people miss work due 
to pain and 83 million felt that pain interfered with their activities.17 Spasticity is associated 
with pain, fatigue, urinary dysfunction, poor sleep and mental health ailments. It also correlates 
with embarrassment, emotional distress, anxiety and depression.17,37 Intrathecal therapy is more 
beneficial but $17,317 more expensive than conventional therapy initially. However, the overall 
lifetime savings have been estimated at $3,111 per patient.5 

Although side-effects are mostly avoided by direct administration of the drug intrathecally, 
pump implantation is not risk free. The median treatment cost per day for pump removal due 
to battery lifespan was $9.26 compared to $44.59 if explanted due to complications.3 Monitoring 
these complications via audits and service evaluations can improve patient satisfaction and future 
practice.

Aims
Perform an audit on the perioperative complications post-pump implantation. Compare the results 
with the set standard.

Define that being measured.

The main measured outcomes are the perioperative complications rate post-primary pump 
implantation along with patient satisfaction with the service and their symptom control (See Fig.3). 
Secondary outcomes involve initial indications, starting and current dose of morphine and of 
baclofen.

Planning and Preparation

For future practice, it is fundamental to apply good medical practice principles throughout 
our work. One of the learning outcomes set was to ‘understand and have experience of the 
principles and methods of improvement, including audit, adverse incident reporting and quality 
improvement, and how to use the results of audit to improve practice’.11For this purpose, the 
following plan was implemented:
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1) Contact the clinical and educational supervisors and assess the need for ethical approval

2) Liaise with the Audit Department and register the audit to gain access to patients’ files

3) Review the files, anonymise patient identifiers and record the following:
- Indications
- Type of pump
- Initial and current drug dose 
- Post-operative complications recorded in the first 14 days

4) Set a standard by reviewing the literature and existing guidelines

5) Compile and analyse all findings

6) Present results at the National ITB Forum

Standard set

There is no set gold standard.30,31 The overall perioperative complication rate derived from the 
literature is between 25-30%.24,6,8 Reported complications are generally divided into24:

1) Mechanical (pump related)

2) Pharmacological side-effects 

3) Surgical (technique and pump implantation)

4) Patient specific (infection, comorbidities causing complications)

5) Refill complications

There has been an apparent decrease in the perioperative patient specific complications post-ITB/
ITM pump implantation throughout the years.18,19,22 The reported infection rate fell from 28.7% in 
1992 to 8.71% in 2014.19,22 Pump related complications (i.e. pump failure) rate was 9.8% in 199218 and 
1% in 2014.22

Methods
A retrospective analysis was performed on the perioperative complications rate up to 14 days post 
primary intrathecal baclofen and morphine pump implantation (1998-2016). Indications for pump 
implantation and dose changes over time were also recorded.

The audit was registered with the audit department, Morriston Hospital. Ethical approval was 
sought. None was needed as per the local ABMU guidelines and the University requirements as this 
audit was within the scope of a service evaluation (Fig. 3a, Appendix 3).

Patients were identified using a surgical list provided by the neurosurgeon of all patients wit an 
implanted ITB/ITM pump under his care. This was recorded and password protected in Excel. The 
report contains no patient sensitive information. Simple descriptive statistics were used to analyse 
the data. A literature review was performed to discuss the findings. The search included the 
following key terms on PubMed and NICE Guidelines: complications AND intrathecal baclofen AND 
morphine AND pumps.
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The National Hospital for Neurology and Neurosurgery (NHNN) was contacted to gain access to a 
similar audit conducted in 2016. Consent was granted to present these findings at the National ITB 
Forum and in the current report.

The patient survey was created with advice from the spinal nurse practitioner. A six-point 
questionnaire containing general and specific questions was sent to patients with ITM and ITB 
pumps (Fig. 3). The completed forms were returned in a pre-paid envelope to the neurosurgeon’s 
office.

Results
Patients included in the audit and survey

77 patients with a primary pump implantation were identified. The Audit Department limited the 
eligibility to 50 (due to resource availability). 49 files were delivered of which one was excluded 
due to insufficient information. Thus, 48 patients were included of which 46 patients qualified for 
entering the service evaluation survey, two patients having died from non-pump related causes.

Patient demographics 

The study population is mainly comprised of adults, 13 Male and 35 Female patients. The average 
age was 48 years old. [2 sisters aged thirteen at the time of pump implantation in Nottingham were 
excluded from the average age data]. Patients have been on ITB and ITM pumps for an average of 8.7 
and 8.4 years (Fig. 1).

Figure 1. Years on ITB/ITM pumps.

Indications 

Overall the most common indication for ITB pumps was MS (57%) followed by acquired brain injury 
(17%) and hereditary spastic paraparesis (7%) (See Table 1.)
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Table 1. ITB pump indications

The most common cause for ITM pump implantation was chronic back pain (33%), followed by 
neurogenic pain (22%) and failed back syndrome (17%) (See Table 2).

Table 2. ITM pump indications

Perioperative complications 

The overall perioperative complications rate was 25% (Table 3). These will be divided into three 
main groups:

1.	 Infection rate

2.	 mechanical complications

3.	 pump system failure

Table 3. Summary of the perioperative complications
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Infection rate 

There were two superficial wound infections (4%) post-ITM pump implantation. In one the cultured 
organism was Staphylococcus epidermis, in the other case no organism was identified. Both were 
treated with IV cefuroxime, pump removal and re-implantation six months later. No comorbidities 
were recorded such as smoking, diabetes, obesity or positive MRSA status.

Mechanical complications

Mechanical complications comprise haematomas (4%), CSF leak (2%), catheter migration (4%). 
The first haematoma (ITB) case presented with discomfort at the site of pump implantation and 
was managed conservatively. The second (ITM) presented as an inflamed wound and subsequently 
diagnosed as an organised haematoma with no signs of infections.

One patient had two episodes of CSF leak with two different pumps following ITB pump 
implantation. This led to a pseudomeningocoele. Two patients had two and three episodes 
respectively of catheter migration. Both presented with leg pain and treated with pump revision 
and re-implantation.

Pump system complications

Pump system complications occurred in 8% of patients (3x ITB, 2x ITM): Pump failure (2%), 
disconnected catheter (2%), blocked catheter (4%). The issues were managed surgically with or 
without catheter readjustments.

Table 4. Morriston hospital and NHNN results

 

Dose changes 

The ITB and ITM dose is slowly titrated following pump implantation to achieve the balance of side-
effects and improvement in patients’ QoL. The mean initial and current ITB dose for all indications 
was 120.61 mcg/day and 215mcg/day (Fig. 2; Table 1b, Appendix 2). Average initial and current 
dose for MS alone was 62.09 mcg/day and 138.5 mcg/day (Table 1.1a, Appendix 2). The modified 
Ashworth score recorded (13 out of 30 patients on ITB pumps due to MS) showed an average 
decrease of 1.53 points +/- SD 0.66 before and after baclofen trial (Table 1.1a).
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Fig. 2. ITB and ITM dose increment trends

The mean ITM dose at discharge was 4.27mg/day and 10.4mg/day at the last refill recorded (Fig. 2; 
Table 1.2a, Appendix 2). 

The average current dose of ITM is 2.43 times greater than the discharge dose.

Patient survey 

A simple six-point questionnaire was sent to 46 patients; 23 responses were recorded. Patients 
rated their answers on a scale from 1-5 (poor (1), good/moderate (2-4) and excellent (5)) or N/A 
(Not Available) if the question did not address their specific condition (i.e. if main indications 
were spasticity or pain alone). Patients’ names and age were included to monitor the number of 
responses returned (Fig. 3).

Patients’ suggestions and further commentaries to improve their experience were recorded in 
Table 5.2 (see Appendices).

Literature search 

The search yielded 16 articles. 5 were excluded if the papers contained:

4. insufficient information
5. experts’ opinion and did not include complication rates 
6. case reports with a study sample <10 patients.

A total of 11 studies were reviewed, mainly level III evidence (Table 6).

Discussion
Technique 

Both ITB and ITM pumps were included in this analysis as the same technique and pump system 
(Synchromed II) is used. It consists of a catheter placed in the subarachnoid space via a spinal 
cannula in the lumbar region. A pump is placed subcutaneously in the left or right lower quadrant 
of the abdominal wall. 5,27,15,1 The drug of choice (morphine or baclofen) is injected through the skin 
in the filling port of the pump then delivered through the catheter.27 Subsequently the refill is 
typically every 2-3 months and pump replacement after approximately 5-7 years depending on the 
lifespan of the battery. 
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Fig. 3. Patient questionnaire

The aseptic technique involved skin preparation with alcoholic betadine followed by sterile sheets 
and iodine soaked swabs sewn to the skin edges. The pump system was bathed in gentamicin prior 
to implantation. The pocket for the pump was irrigated with gentamicin. Cefuroxime (1.5g IV) was 
given with induction of anaesthesia followed by 3 doses post-operatively (750mg IV 8-hrly).

Perioperative complications 

The standard set is up to 25% according to the reported literature (see Table 6). This audit reports 
an overall complication rate of 25%. Similar results are identified by the NHNN (28.9%). Although 
marginally higher, their sample size and patient characteristics were slightly different (Table 4). 

The rates of superficial wound infections between the hospitals were 4% vs. 3.4%. No serious cases 
such as meningitis or pocket infections were recorded in either series. However, pocket infections 
tend to develop over time and only the immediate perioperative period (14 days) was assessed33. 
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From the literature an overall rate of 1.9%-12.3% for superficial, pump pocket, and catheter 
infections or meningitis is reported. 2,3,7,9,10,18,16,19,22,24,33 The two cases of superficial infections 
occurred post-ITM pump implantation. Patients on ITM for malignant causes of pain are considered 
at higher risk due to their immunocompromised states.30

Mechanical and pump and catheter complications were similar between Morriston and the 
NHNN series (13% and 13.6% vs 8% and 11.9%). The study of 100 cases in Sweden reported a 10.5% 
pump and catheter related complication rate, 4% infection rate involving the pump or catheter.10 
Analysis of two case reports in a literature review report a 4.5% catheter and 3.8% pump related 
complications rate necessitating surgical revision.15 This amounts to 8.3% which is comparable 
to this audit’s data and to the NHNN. Again, the literature reports higher mechanical and pump 
system complication rates of up to 25% 2,3,9,10,18,16,19,22,24,33 and in one study nearly 75% were due to 
pump and catheter malfunction.7

Dose changes 

An intrathecal baclofen trial is indicated prior to pump implantation.34 Muscle tone is assessed 
clinically pre- and post-trial using the Ashworth scores. An overall reduction of at least one point 
is a reliable indicator for successful spasticity management with intrathecal baclofen25, although 
others require a two-point decrease as an indication for pump implantation.27 Some centres do not 
undertake ITB trials at all26. The average decrease of 1.53 points +/- SD 0.66 recorded in the notes 
impacted on QoL enough to warrant long-term management using ITB pumps (Table 1.1a.). 

The average difference in ITB dose change due to MS compared to other indications was 62.09mcg 
and 138.5mcg (Table 1.1a). A level III evidence recommended that cerebral compared to spinal 
origin for spasticity should be treated by dose increments of  5-15% vs. 10-30% every 24 hours.4 
Others report the average baclofen dose for MS at 323mcg/day vs. 504mcg/day in patients 
with spasticity due to spinal-related causes.21 The dose tends to stabilise 12 months post-pump 
implantation7,21. A similar effect was detected in the current audit according to Fig. 2.

The mean current ITM dose is 2.43 times greater than the starting dose (Table 1.2.a, Appendix 
2). In comparison, the respective value for baclofen is 1.78 times greater (Table 1b, Appendix 2). 
This trend is apparent in Fig. 2. Tolerance caused by opioid use is a well-known effect, less so for 
baclofen. ITM use up-regulates the expression of TAK1 (TGF-Beta Activated Kinase 1) protein in the 
dorsal horn of the spinal cord causing an attenuated analgesic effect35. Xu et al. propose the use 
of TAK1 inhibitors to reverse morphine tolerance.35 A drug holiday approach is also advisable using 
alternative drug for 4-6 weeks.21

Patient survey and recommendations 

The NHS Commissioning Board states that ITB therapy should aim to prevent deformities caused 
by contractures and improve passive and active functioning.23,25,29 The survey attempted to assess 
patients’ physical function, muscle tone and QoL. 73.4% of patients ranked their QoL improvement 
as moderate (2-4) to excellent (5). Patients on ITM are less satisfied with their pain control than 
those on ITB (mean 3.67 and 4.24, SD 0.75 and 0.66 on morphine and baclofen respectively). 
This could further attest to the already recognised dose tolerance effect of morphine. Patients 
are moderately satisfied with their symptom control (averages 3.70 for baclofen and 3.82 for 
morphine). Similar findings are reported in a cross-sectional survey.20
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Patients are very satisfied with the service and the pump itself while reporting mild-moderate 
improvement in their QoL. A cross-sectional multicentre study in Sweden observed the same 
effect.12 Patients attribute their inadequate symptom control or QoL to the already limiting 
condition, being bedbound or to a lengthy dose titration period.

Patients’ feedback and their suggested improvements considered:

•	 Lack of follow-up appointments and rehabilitation programs
•	 Lack of/low patient awareness regarding available pain management options
•	 Clinic location/availability
•	 Insufficient communication post-pump implantation (e.g. timeline relating to dose titration to 

achieve adequate symptom control, drug holiday approach for ITM users)
•	 Post-trial risks e.g. one patient developed infections on two occasions and claimed the last one 

to have culminated in a discectomy.
Most patients praised the neurosurgical team and the service itself, despite time constraints 
contributing to an ‘early discharge’ from consultant led follow-up clinics. The spinal nurse 
practitioner has been described as ‘incredible support’ and ‘always at the other end of the phone’.

Overall, patients deem the service as highly valuable. However, they need more support post-pump 
implantation (i.e. information about the procedure, expectations regarding treatment outcomes, 
physiotherapy). Similar findings have been reported by a pilot study that interviewed patients 
on ITB pumps.13 The service limitations identified are mainly due to financial insufficiencies 
impacting on most aspects of care. Only 3.1% of the NHS budget in Wales is spent on neurological 
disorders compared to 4.6% in England.28 In 2011 39,788 patients across the UK were waiting as 
outpatients for physiotherapy with waiting times between 1-40 weeks.28,32 Patients often opt 
for private services incurring further personal costs (Table 5.2). There is an already identified gap 
between demand and supply for intrathecal drug delivery systems implantation. The estimated 
need for ITB pumps is 4.6-5.7 per million population per annum based on incidence of eligible 
patients. The number of pumps implanted per annum in England during 2013-2014 were 3.08-4.38 
per million.23

Conclusion and limitations
The audit process adhered to the hospital and university guidelines, and Tomorrow’s Doctors’ 
outcomes (e.g. maintain confidentiality, professionalism, teamwork)11. The results were within 
the standard set based on current available literature (a limitation to this analysis as it is mainly 
comprised of level III evidence). Multi-centre analysis (e.g. audits, RCTs) are needed to set a national 
standard. However, RCTs might be ethically and clinically difficult to arrange due to the severity 
the chronic conditions under investigation. Further, a dose tolerance effect was also observed in 
patients on ITM inferring from the results of the survey and the average increase in morphine dose. 
Patients are generally satisfied with the service provided and with the pump system. Although 
initially more expensive, ITB and ITM pumps are effective long-term from a bio-psycho-social 
perspective. Recommendations of this audit involve addressing the issues raised by patients. 
Insufficient resource allocation might be a limitation to implementing immediate changes.
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