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Abstract: The management of chronic refractory pain (non-neoplastic and cancer-related pain) remains 
a therapeutic challenge. The continuous intrathecal (IT) administration of drugs may play an important 
role in the possible management options. Intrathecal drug delivery devices (IDDDs) may be effective for 
patients with refractory chronic pain. Therefore, they may be adopted for non-oncologic pain in patients 
with compression fractures, spondylolisthesis, spondylosis, back surgery failure syndrome and spinal stenosis. 
Oncologic patients can benefit from these treatments in a variable way according to tumor characteristics, 
prognosis, periprocedural imaging and risk of disease progression. In this review, we describe the most 
commonly used drugs (opioids and non-opioids), their pharmacokinetic and pharmacodynamic features and 
indications of use. The most used drugs are morphine, hydromorphone, fentanyl, methadone, bupivacaine, 
clonidine, and ketamine. Patient evaluation before the device implantation should be based on clinical 
examination, medical records assessment and psychometric evaluation. The infusion pumps available on the 
market are both non-programmable (with continuous IT deliver of drugs) and programmable (with variable 
deliver of drugs according to their flow rate). Moreover, we describe the procedure of implantation and the 
potential complications of IT drug delivery (such as bleeding, infection, loss of cerebrospinal fluid, wound 
seroma, loss of catheter pump propellant). 
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Introduction

Background

Chronic pain conditions that affect many patients with 
malignant and non-malignant diseases have a negative 
impact on their quality of life (QoL). The definition 
of “refractory” pain includes therapy failure to achieve 
treatment results ( i .e. ,  inadequate pain relief ,  no 
improvement of daily functioning or intolerable adverse 
effects), despite pain associated psychiatric disorders and 
psychosocial factors have been evaluated. Intrathecal drug 

delivery devices (IDDDs) may be considered in treatment 
strategies available for the management of pain in patients 
with refractory chronic pain (1).

Age, symptoms and disease of oncologic patients are 
the variables that can help to choose the most appropriate 
neuromodulation technique. Moreover, before starting 
a trial with IDDDs, it is important to consider specific 
diagnoses, through physical examination, assessment of 
patients’ comorbidities and psychosocial evaluation (2).

It has been considered that if high doses of systemic 
opioids have been administered prior to initiate intrathecal 
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(IT) therapies, the latter can result in reduced activity. For 
this reason, before starting IT drugs it is recommended to 
wean or reduce systemic opioids dosage (3).

Objectives

In this review, we describe the most commonly used drugs 
for intrathecal drug delivery (IDD), their pharmacokinetic 
and pharmacodynamic features and indications of 
use. Moreover, we describe the procedure of surgical 
implantation and the potential complications of IT drug 
delivery.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-3814).

Methods

A narrative overview of the literature has been performed, 

synthesizing the findings of literature from 1986 to today, 
retrieved from searches of computerized databases. 

Indications for IDDs

Spinal cord stimulation and IDD are recommended for 
moderate or severe trunk and limb pain and if other antalgic 
therapies have failed. Table 1 outlines different diseases for 
which IDD is indicated (3). 

Duarte et al. in their study monitored for an average 
of 13 years 20 patients with chronic non-malignant pain 
treated with IT drugs (4) and they noted a statistically 
significant improvement for sensory and psychosocial 
variables. Selected patients with chronic non-malignant pain 
may benefit from long-term analgesic management with 
IT therapy. These conditions can include spondylolisthesis, 
spondylosis, back surgery failure syndrome, spinal stenosis 
and compression fractures (5). 

However, Hayes et al. (6) stressed the lack of a clear 
benefit from IT therapy, which seems to offer a moderate 
pain relief advantage in the first 6 months after implantation, 
with benefit decreased over time and a documented reduced 
patients’ overall functional capacity. For these reasons, IT 
administration was discontinued in 25 patients, switching 
to oral or transdermal administration. Transient symptoms 
of abstinence, increased pain and reduced physical activity 
were observed when treatment was discontinued. However, 
patients improved significantly after the discontinuation of 
the opioid infusion, with a reduction in sweating, weight 
gain, edema and abdominal discomfort. Moreover, there 
was a decrease of visits to the pain unit for the follow-up 
treatment. Based on this experience and on randomized 
studies about the use of IT infusion in patients with chronic 
non-malignant pain, the discontinuation of established IT 
therapy in patients with chronic non-malignant pain seems 
to be an appropriate management option (7,8).

Concerning chronic malignant pain, more than 33% 
of patients with metastatic or advanced-stage cancer have 
moderate to severe pain; moreover, in approximately 10–
30% of patients with limited life expectancy, an adequate 
pain relief still is not achieved. IDD allows a valid pain relief 
with fewer side effects in patients who have not responded 
to a combination of systemic analgesic treatments. Before 
implanting an IDDD in oncologic patients several factors 
have to be evaluated, such as tumor characteristics, 
prognosis, periprocedural imaging and the risk of disease 
progression (8).

Stage of disease and life expectancy will determine the 

Table 1 Disease indications for IDD (modified by PACC) (2)

Axial neck or back pain (not a surgical candidate)

Multiple compression fractures

Discogenic pain

Spinal stenosis

Diffuse multiple-level spondylosis

Failed back surgery syndrome

Abdominal/pelvic pain

Visceral

Somatic

Extremity pain

Radicular pain

Joint pain

Complex regional pain syndrome

Trunk pain

Postherpetic neuralgia

Post-thoracotomy syndromes

Cancer pain, direct invasion and chemotherapy-related

Analgesic efficacy with systemic opioid delivery complicated by 
intolerable side effects

IDD, intrathecal drug delivery; PACC, Polyanalgesic Consensus 
Conference.
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implementation of IDDDs and the selection of drugs. 
If patient life expectancy is less than 3 months IDDDs 
are not implanted. Patients with intractable pain due to 
advanced malignant tumors may benefit from long-term 
reduction of analgesia, receiving fewer side effects and a 
better QoL from opioid-sparing. In their study, Carvajal 
et al. demonstrated that IT is very effective and safe in the 
long-term management of malignant refractory pancreatic 
cancer pain. The rate of complications was low although the 
study included a fragile population with an advanced stage 
of disease. In patients managed with IDDDs, they found a 
better QoL, with reduced side effects (9).

Depression and other mental disorders in patients with 
chronic pain are commonly encountered (10), but on the other 
hand it has been described that IT therapy has poor long-term 
results when personality disorders are present (11). Thus, to 
define which patients are suitable to receive an implantable 
neuromodulation system, it is necessary first to evaluate their 
psychological profile, through a multidimensional assessment 
of pain in its sensory, emotional and cognitive components. 
Furthermore, it is necessary to assess adherence to the 
proposed treatment (12).

Nevertheless, according to the Polyanalgesic Consensus 
Conference (PACC) guidelines, psychological evaluation is 
not necessary for oncologic patients with pain. 

The evaluation of patients applying for implantation 
of the neuromodulation system should follow three basic 
criteria: the clinical interview, the review of medical records 
and the psychometric evaluation. It is recommended to 
start with the lowest possible IT dose defined as the trailing 

dose, which leads to a pain reduction of between 30% and 
70% (usually about 50%). Then to proceed slowly towards 
an upward titration of the drug guided by the analgesic 
response and the presence of side effects. Table 2 shows the 
doses recommended by PACC for IT bolus trailing (2). 

The blood-brain barrier (BBB) represents the major 
obstacle to the administration of drugs into the central 
nervous system (CNS), delaying the passage of 98% of 
systemically administered drugs into the cerebrospinal fluid 
(CSF) (13). 

IT injection of therapeutic molecules allows to by-pass 
the BBB, allowing the same analgesic activity of systemic 
administration, but using lower dosages of drugs, with 
fewer systemic side effects. In fact, drugs that target the 
CNS but are not free to pass BBB, result more effective 
when administered intrathecally, as they are free to spread 
through the pious arachnoid and the white substance of the 
spinal cord. The dorsal horn (in particular the lamina II of 
the gelatinous substantia) represents the anatomical region 
where the receptor sites of most drugs administered (except 
baclofen and local anesthetics) are located intrathecally to 
obtain pain relief (14).

Concerning the chemical characteristics of the various 
compounds administered by IT, hydrophilic drugs have a 
longer half-life that leads them to penetrate deeper into 
the spinal cord with a more rostral diffusion. On the other 
hand, lipophilic drugs have a limited diffusion, allowing 
greater precision when they are administered at a specific 
point (15). 

IT drugs used for IDD

Food and Drug Administration (FDA) and European 
Medicines Agency (EMA) approve currently only ziconotide 
and morphine for IT infusion for pain management. 
However, different monotherapies or combined agents, 
including hydromorphone, fentanyl, sufentanil, bupivacaine, 
and clonidine are used in clinical practice, as off-label. The 
main pharmacodynamic characteristics of IT drugs are 
illustrated below in Table 3 (1).

Morphine is the widest drug adopted as first-line therapy. 
He is a mu-opioid agonist. Recent long-term studies 
support the effectiveness of IT morphine in the treatment 
of patients with chronic pain (2). Preclinical evaluation in 
many animal models demonstrated that morphine could 
lead to the formation of space-occupying masses or IT 
granulomas (16,17).

Hydromorphone is a mu-opioid agonist (18). It is used 

Table 2 Dose (range) for IT bolus trailing as recommended by 
PACC (2)

Drug 
Recommended dose (maximum for naïve 
patients*)

Morphine 0.1–0.5 mg (0.15 mg)

Hydromorphone 0.025–0.1 mg (0.04 mg)

Fentanyl 15–75 μg (25 μg)

Sufentanil 5–20 μg

Bupivacaine  0.5–2.5 μg

Clonidine 5–20 μg

Ziconotide 1–5 μg

*, starting doses of medication in the opioid-naïve patient for 
outpatient bolus delivery do not exceed 0.15 mg morphine,  
0.04 mg hydromorphone, or 25 μg fentanyl.
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in first or second-line treatment, with a higher cost than 
morphine. Preclinical studies in large animal models have 
shown that when administered via IT it can lead to the 
formation of granulomas at high concentrations (19,20).

Fentanyl is a lipophilic agonist of opiates mu, used as 
first-line treatment for localized pain, due to its good profile 
during prolonged infusions. Preclinical studies of fentanyl 
or alfentanil infusion in large animal models have shown 
that granulomas are not an encountered side effect even at 
high drug concentrations (21,22).

Sufentanil is a potent mu-opioid agonist, but there are no 
important recent studies that considers the use of sufentanil 
in IT infusion (23).

Methadone is a racemic compound, with N-methyl-
D-aspartate (NMDA) receptor antagonist activity on the 
D-isomer and mu opioid agonist activity on the L-isomer (17). 
Because all compounds with NMDA activity have severe 
neurotoxic effects, there are concerns about methadone 
IT infusion (24). The continuous infusion of isomers has 
caused spinal toxicity and granulomas in animal models. In a 
prospective study, 13 of 24 patients, previously treated with 
multiple IT drugs without benefits, experienced improved 
pain control with IT methadone, with improved QoL and 
no side effects (25). 

Ziconotide blocks type N presynaptic calcium channels 
in the dorsal horn of the spinal cord (26,27). Patients with 
neuropathic pain refractory to systemic pre-trialing opioid 
therapy may benefit from the use of ziconotide. Other 
advantages of using this drug via IT include the absence 
of respiratory depression and the possibility of using low 

dosages for analgesia (28). Ziconotide should be the first 
choice in IT therapy if there are no psychiatric changes or 
kidney disease. However, ziconotide is difficult to manage, 
especially at higher doses, because of a narrow therapeutic 
window and requires careful and targeted dosage. Moreover, 
severe side effects can be reduced by starting with low doses 
of ziconotide followed by slow titration (29). Rapid titration 
is associated with cognitive and neuropsychiatric alterations 
(psychosis, suicide). Adverse effects on CNS include 
ataxia, nystagmus, nausea, dysmetria, agitation, dizziness, 
hallucinations and coma. The sudden interruption does 
not cause withdrawal or rebound effects. Few cases of 
rhabdomyolysis caused by administration of IT ziconotide 
are described, although an increase in serum creatine kinase 
has been reported in up to 40% of patients (30,31).

Bupivacaine is an amide commonly used as a local 
anesthetic in spinal anesthesia and also in IT administration 
as off-label drug (32). Hydromorphone and bupivacaine 
are efficacious for therapy of chronic pain of back surgery 
failure syndrome. Hayek et al. in their retrospective analysis 
demonstrated that these drugs allow a better reduction 
of pain intensity than oral opioids (33). Since bupivacaine 
has raised lipid solubility, it also has a limited IT spread. 
For this reason, it is necessary to insert the IT catheter 
in the posterior space at pain level (34). If high doses of 
bupivacaine reach the bloodstream severe cardiotoxic may 
occur, but potential sensorimotor loss is the limiting effect 
of bupivacaine infusions (35). If continuous infusions are 
used rather than boluses, the onset of adverse effects can 
be reduced. Doses of bupivacaine greater than 15 mg/day 

Table 3 Recommended starting dosage ranges, maximum concentrations and daily doses of IT agents as recommended by PACC (2)

Drug Starting dose for long term therapy* Maximum concentration Maximum dose per day

Opioids

Morphine 0.1–0.5 mg/day 20 mg/mL 15 mg

Hydromorphone 0.01–0.15 mg/day 15 mg/mL 10 mg

Fentanyl 0.5–1.2 μg/day 10 mg/mL 1 mg

Sufentanil 25–75 μg/day 5 mg/mL 0.5 mg

Anesthetics 

Bupivacaine 0.01–4 mg/day 30 mg/mL 15–20 mg+

Clonidine 20–100 μg/day 1,000 μg/mL 600 μg

Ziconotide 10–20 μg/day 100 μg/mL 19.2 μg

*, starting doses of continuous IDD should be half of the trial dose for opioid based medications; +, maybe exceeded in end of life care and 
complicated cases as determined by medical necessity. IT, intrathecal; IDD, intrathecal drug delivery; PACC, Polyanalgesic Consensus 
Conference.
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may lead to clinically relevant side effects, such as urinary 
retention, weakness, fatigue, drowsiness and paresthesia (36).

Clonidine is an alpha 2 adrenergic agonist; it has an 
anti-inflammatory effect by inhibiting glial cell activation 
and the activation of the NF-κB and p38 (MAP kinases), 
which lead to the reduction of pro-inflammatory cytokines. 
These cytokines are release by activated glial cells of 
the spinal cord and contribute to the increasing painful 
conditions. In several clinical studies, clonidine resulted 
effective for improving analgesia and enhancing the effects 
of opioids (37,38). However, clonidine may cause important 
cardiovascular side effects, peripheral edema and sedation 
in a dose-dependent manner. It may determine hypotension 
at low doses and hypertension at high doses, with potential 
life-threatening hypertensive crises and stress-induced 
cardiomyopathy.

Ketamine inhibits the spinal NMDA receptors , 
increasing the pain control capacity of morphine at the 
spinal level (39). Racemic ketamine, a non-competitive 
NMDA receptor antagonist, as well as its active S 
(+)-ketamine enantiomer, has been claimed for IT and 
epidural use in the treatment of major untreatable pain that 
doesn’t respond to increased opioid doses (40). Concerning 
the potential neurotoxicity of ketamine, histopathological 
alterations in the spinal cord have been seen after long-term 
IT ketamine treatment (41). In a cancer patient treated 
with 5 mg/day of IT ketamine for 3 weeks, subpial vacuolar 
myelopathy was found postmortem (42).

Complications of IDDDs

For chronic severe pain therapy IT infusion of opioids 
is an established practice, whose side effects are now 
well known (43). Bleeding can occur due to ineffective 
hemostasis, use of anticoagulants, vascular lesions and 
secondary bleeding. Bleeding with hematomas formation at 
the insertion of the pump may cause swelling, pressure and 
pain. This complication requires a rapid intervention (2).  
Pocket hematoma should be treated aggressively by 
reducing dead space as much as possible and ensuring good 
hemostasis before the pocket site is closed. Bleeding in 
the deep spinal or epidural space, although extremely rare, 
correlates with increased neurological morbidity. The use of 
fluoroscopy can reduce periosteal damage or spinal/epidural 
trauma. Important hemorrhage in the epidural space may 
produce an epidural hematoma, with consequent spinal 
cord compression and paraplegia, increasing back pain and 
neurological deficits. Hustak et al. reported on a patient with 

a subarachnoid hemorrhage who needed surgical removal 
of epidural patch placed for post-dural sting headache  
(PDPH) (44).

Infections are avoidable using appropriate antibiotics 
and intensive monitoring (45). Factors that increase the 
chance of developing an infection at the surgical site are 
malnutrition, obesity, smoking, anemia, cancer, diabetes 
mellitus, cardiovascular disease and the use of alcohol. 
Surgeons recommend the use of intraoperative antibiotic 
irrigation (46) and the regular evaluation of the implant 
site if pain, erythema, tenderness, swelling, drainage, fever 
and leukocytosis are present; patients should also stop 
smoking about 2 months before this elective surgery. If 
superficial infections are present, microbiological samples 
must be taken and antibiotic therapy started, to try to avoid 
the removal of the implant. When the infection involves 
the pocket or the catheter or develops into the epidural 
or IT spaces, the device should be immediately removed 
and intravenous antibiotics administered. IT infections 
are infrequent and occur with fever, nuchal rigidity and 
hyperleukocytosis. If infection is suspected CSF should be 
sent for microbiological samples (47). 

Urgent computed tomography (CT) or magnetic 
resonance imaging (MRI) may better define the presence 
of epidural abscess, for planning neurosurgical or spinal 
surgery and prevent serious neurological complications.

Loss of CSF may occur due to incorrect connection or to 
leakage from the catheter; sustained loss of CSF may cause 
PDPH and its sequelae. Therefore, catheter abnormalities 
must be excluded if severe PDPH symptoms are present; 
in particular, these complications should be considered 
when CSF cannot be aspirated from the pump port or 
when it is present around the pump itself. The presence 
of pericatheter CSF can be dealt with conservatively 
augmenting intake of fluids, or with common analgesics, 
caffeine, and rest. In case of significant symptoms, epidural 
patch, surgical closure of the dural damage, replacement of 
the catheter and sutures on the dura mater near the catheter 
may be required. Major losses may produce a collection of 
subcutaneous CSF close to the dorsal incision defined as 
hygroma (pseudomeningocele), that will require surgery in 
most of the cases (48). 

Wound seroma surrounding the pump pocket or in the 
spine has been reported at the catheter insertion. Posterior 
wound seroma may develop if there is a loss of CSF, while 
pump pocket seroma may be formed in subjects with low 
albumin levels or with venous or lymphatic obstruction. 
The latter type of seroma could persist up to 2 months, but 
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is self-limiting or only require an abdominal binding agent. 
In seromas with local painful complications, a drain and 
an abdominal binder could be used. In case of suspected 
infection, microbiological analysis of CSF must be performed 
and systemic antibiotic treatment must be started. If this 
approach fails, the pump should be removed (49). 

Possible mechanic complications are a loss of catheter 
pump propellant (detected as an abnormal rate of drug 
delivery leading to overdose or underdose with acute 
withdrawal symptoms), mechanical problems of the pump, 
loss of the administered agent, catheter displacement, 
twisting of the catheter (50). Only personnel trained to 
accurately assess pain and perform physical examinations 
should  t ake  care  o f  medica t ion  admin i s t ra t ion . 
Asepsis should be maintained during each refill. Drug 
concentrations and combinations should be used according 
to guidelines (2). The most frequent drug-related side 
effects include hypersensitivity or allergy that can often be 
reduced or eliminated by slowing the drug administration 
or by drug titration (45).

IT opioids can lead to respiratory (51), itching, nausea, 
vomiting (52), increased sweat, edema of the lower limbs, 
weight gain, urinary retention (53), sedation, constipation, 
alteration of memory or mood and headaches. Withdrawal 
syndrome can develop after sudden interruption of opioid 
infusion occurs (54).

Alterations of the hypothalamic-gonadal axis and of the 
hypothalamic-adrenal axis due to chronic use of IT opioids 
result in hypogonadism and hypotestosteronism with 
impaired sexual function, decreased libido, infertility and 
osteoporosis. Management options may include stopping 
or reducing the opioid treatment, changing to a different 
opioid drug or starting the hormonal supplementation (55). 

Sterile inflammatory masses called granulomas may form 
near the tip of the IT catheter, thus, a prompt diagnosis 
is mandatory. The exact etiology is unknown, but they 
are probably caused by a reaction to the catheter tip or 
to the opioid infusion, or by a mild local infection. These 
granulomas form between the spinal cord and dura mater, 
occurring mainly in the thoracic area causing compression 
of the spinal cord. This leads to an alteration of motor and 
sensory functions, to the onset of root pain in the thoracic 
or lumbar regions and reduced analgesia (56,57).

MRI remains the gold standard to rule out the presence 
of an inflammatory mass caused by the catheter, although 
CT-myelogram with the infusion of contrast medium 
through the pump offers a cheaper technique (58). An 
incorrect diagnosis could lead to permanent neurological 

lesions. 
To prevent granulomas, the administration of the lowest 

effective drug dose and concentration is recommended (59).
Treatment of IT granuloma is based on the patient’s 

conditions. In the absence of neurological deficits, the 
infusion medication should be switched to sterile normal 
saline (60). A monthly MRI is recommended for monitoring 
mass regression. After symptom recovery, it is possible 
to restart a non-opioid drug administration, performing 
an MRI every 3 months. In case of neurological changes, 
surgery and removal of the IT catheter are indicated (61). 

Spontaneous intracranial hypotension (SIH) and 
headache may occur after implantation (62). Loss of CSF 
at the connection point between the catheter and the 
intradural space is an infrequent complication and could 
present initially as an occipital, hammering headache that 
worsens in the upright position and during exertion. MRI 
is the standard instrument to confirm these anomalies, 
showing alterations of subarachnoid reservoir and 
intracerebral ventricles dimensions, thickening of the 
cranial meninges, modifications in pituitary gland size and 
alterations of the spinal cord (63). 

Type of IDDDs

IT administration of drugs requires the placement of an 
infusion pump that includes a drug reservoir, a mechanical 
pump and a catheter implanted in the IT space. In addition 
to a wide variety of catheter systems, there are both non-
programmable and programmable pumps on the market. A 
non-programmable fixed flow pump provides a continuous 
volume of drug in the IT space, maintaining constant flow 
and ensuring fixed daily drug delivery. Although these 
systems are less expensive, any dose change requires a 
change in the concentration of the drug in the reservoir. On 
the other hand, the flow rate of the drug can be regulated 
by a programmable pump that deliver different doses. 
Complex dose changes can be preselected by the medical 
staff, in order to administer bolus doses as requested by the 
patient, through external wireless transponders (64). 

The two most frequently used variable flow pumps on 
the market are the continuous peristaltic pump and the 
valve bolus pump. SynchroMed® II Pump (Medtronic 
Inc., Minneapolis, MN, USA) is a peristaltic pump, which 
consists of a system of roller rotors and gears that introduces 
agents from the reservoir through an internal catheter, in a 
peristaltic sequence (65). Since the system uses gases under 
pressure, the administration of drugs depends on ambient 
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variables, such as high altitudes, hyperbaric chambers or 
scuba diving (64). Prometra® IDDS (Flowonix Medical 
Inc., Mount Olive, NJ, USA) is a valve pump that includes 
a positive pressure system through two microvalves (inlet 
and outlet), a dosing chamber and a flow activated valve. 
Drug delivery is obtained by positive pressure that pushes 
the drug through the opening inlet to the dosing chamber. 
Moreover, it can deliver a precise dosage, without dosage 
fluctuations caused by external factors such as pressure and 
temperature variations (66). 

The surgical implant of IDDDs

The IDDD is usually placed in the abdominal wall, using a 
tunneled catheter in the subcutaneous tissue of the sacrum, 
between the costal margin and the iliac crest. Pre-surgical 
marking is usually performed in accordance with the patient 
for obtaining a comfortable position, usually above the 
waistline (66). 

In the operating room, the patient is placed on the bed 
on his flank with the side of the reservoir facing up. The 
procedure starts by positioning a Tuohy needle towards 
the sacrum and moving it forward in a paramedian plane 
until a perforation of the dura mater is obtained. The stylet 
is then removed and the CSF flows through the needle. 
Afterwards a catheter is inserted into the subarachnoid 
space. With the Tuohy needle in place, the surgeon cuts 
caudally to the needle site and passes into the skin and 
subcutaneous tissues, determining a deep dissection up 
to the supraspinous ligament. A non-absorbable suture is 
placed to the supraspinous ligament and the Tuohy needle 
is taken out, with the catheter still in position. Then the 
catheter is anchored to the supraspinous ligament. The free 
flow of CSF inside the catheter system is checked after it has 
been fixed. Following, the reservoir pocket is formed with a 
cut that continues along the previously marked site on the 
abdominal wall. A subcutaneous pocket one inch deep is 
created using the blunt caudal dissection at the incision. The 
pump reservoir is placed and fixed to the deeper layer of the 
pocket preventing it from rotating or tilting. Moreover, both 
IT catheter and pump are attached through a dorsal tunnel 
to the ventral pump reservoir. Finally, each incision is sutured 
in sequence and the device is activated and programmed for 
dispensing the medication (67). 

Conclusions

The administration of medications by the IT route appears 

to be a good way to treat chronic intractable pain usually 
poorly controlled by systemic medical therapy. Newly, there 
has also been a significant improvement in the available 
technologies (e.g., catheters and pumps) of IDDDs. The 
use of good clinical practice and the adherence to guidelines 
together with continuous improvement and clinical research 
are crucial for the success of this therapy.
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