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Objective: The aim of this study was to investigate the therapeutic effectiveness of epidural 

morphine and bupivacaine in patients with chronic lumbosacral radicular neuropathic pain after 

the cessation of treatment.

Methods: Twenty-two patients with chronic lumbosacral pain with neuropathic features were 

enrolled. An indwelling catheter was placed into the epidural space, and each patient received 

an epidural injection of morphine chlorhydrate and bupivacaine up to three times a day. The 

medication was administered for 4 weeks. The pain intensity score on a 0–10 numeric rating scale 

(NRS), the total pain rating index rank (PRIr-T), and its coefficients were evaluated before treat-

ment and 1 month after catheter removal. P-value <0.05 was considered statistically significant.

Results: NRS and PRIr-T were significantly reduced at follow-up (P=0.001 and P=0.03, 

respectively), whereas the parallel evolution of the two scores (r=0.75 and P<0.001, 

respectively) confirmed significant pain relief lasting up to 1 month after treatment ces-

sation. None of the four pain rating coefficients was significantly modified compared 

to the others in either responders or nonresponders. Successful clinical outcome (pain 

reduction >30% in NRS) was reached and maintained in half of the patients at follow-up. 

Conclusion: Combined epidural morphine and bupivacaine seems to be effective in the treat-

ment of neuropathic pain.
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Introduction
Lumbosacral radicular pain is a common and disabling condition in adults with pathol-

ogy of the bones in the distal spine, and it represents a significant quality-of-life issue.1 

Lower back pain is not always associated with radicular symptoms. Clinical findings 

of neuropathy may vary significantly, depending on the pathogenesis of the pain 

symptoms. Neuropathic pain is still a “dark zone” for neuroscientists and treatment 

remains challenging for clinicians. It has been described as a direct consequence of 

involvement of the somatosensory system, with a population prevalence between 7 

and 10%, thus stressing the importance of a standardized approach for its recognition.2 

Pharmacological therapies have often proved ineffective, surgery has poorly character-

ized indications, and the use of interventional neuromodulation (eg, pulsed radiofre-

quency and spinal cord stimulation) is still debated or not always applicable.3 Some 

older studies reported that opioids have poor efficacy for neuropathic pain, although 

this conclusion has been progressively questioned because of the lack of compelling 
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evidence, and several reports arguing that a substantial pro-

portion of patients with neuropathic pain might significantly 

respond to opioids.4 Some investigators have evaluated the 

additional efficacy of local anesthetics, stressing evidence 

for the development of synergistic effects after coadministra-

tion with opioids, and found that bupivacaine and morphine 

together showed better results than either alone, in terms of 

patient satisfaction, medication intake, and pain clinic admis-

sions.5 Different routes of administration have been tested, 

and epidural and intrathecal drug delivery confers benefits 

in comparison with other routes. For instance, these routes 

avoid first-pass metabolism and the blood–brain barrier and 

allow the use of lower doses at comparable efficacy, given that 

the medications are deposited directly at the spinal cord.6–8 

Considering that epidural administration can be maintained 

for longer periods with lower risks relative to the intrathecal 

route, it may be possible to utilize other analgesics to obtain 

adequate analgesia for prolonged periods.

To the best of our knowledge, no previous study has 

assessed how epidural therapy with combined opioids and 

local anesthetics might provide long-lasting pain modula-

tion. The aim of this study was to investigate the effective-

ness of epidural morphine and bupivacaine in patients 

with chronic neuropathic pain associated with lumbosacral 

radiculopathy.

Methods
Study design
The research protocol was approved by the Institutional 

Review Board committee of the Santa Maria Maddalena 

Hospital, Occhiobello (RO), Italy. Informed consent was 

obtained from each patient, and the patients enrolled in the 

research were allowed to withdraw from the study at any 

point if they wished.

Prior to the enrollment, every patient was evaluated to 

confirm probable or definite neuropathic involvement.9 The 

following criteria were adopted as inclusion criteria for the 

study subjects:

1. Severe pain intensity assessed with a numeric rating scale 

(NRS) score of ≥7/10.

2. Definite or probable neuropathic involvement as assessed 

by clinical examination and grading system.

3. Chronic lower extremity radicular pain lasting for 

>6 months.

4. Clinical examination suggestive of radicular pain with 

≥1 positive provocation tests (eg, straight leg raise test).

5. Poor response to pharmacological therapy, physical 

therapy, or epidural injection of anti-inflammatories (ie, 

pain reduction in NRS ≤30% during the 6 months before 

enrollment).

6. Magnetic resonance imaging and/or electromyographic 

test suggestive of radiculopathy.

The following exclusion criteria were applied:

1. Possible or unlikely neuropathic pain.

2. Positive response to previous treatments.

3. Comorbid neurological or psychiatric disorders.

4. Significant motor deficits.

The procedure was performed in a suitable operating 

room, with disinfection and sterilization of all devices. A 

sterile operative field was maintained while each patient was 

lying on a fluoroscopy table in the prone position for needle 

introduction. After injection of local anesthetic to numb the 

operative zone, a 16-G hollow needle was inserted through the 

paramedian tissues at a 40° angle, with the skin and epidural 

space located by standard loss of resistance to air techniques. 

An epidural catheter was inserted at the T12–L1 intervertebral 

space, with the correct placement verified by fluoroscopy. 

The position of the catheter tip was confirmed by injection 

of X-ray contrast medium (Iopamiro 300; Bracco Imaging, 

S.p.A., Milan, Italy) and screening with an image intensifier. 

A single bolus test with lidocaine 2% was performed to rule 

out intrathecal placement. The catheter was tunneled for 5 cm 

subcutaneously and then fixed at 10 cm in the abdominal skin, 

and the patient was transported to the recovery room (Figure 1).

On the following day, each patient received an epidural 

analgesic injection followed by a 2 mL flush with normal 

saline. The injection solution was composed of morphine 

chlorhydrate (0.1 mg/mL) and bupivacaine (1 mg/mL), and 

the dose was progressively increased to 3 mL three times a 

A B

Figure 1 Extra procedural (A) and intraprocedural (B) features of epidural catheter 
(the tip circled in red).
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day (total dosage per day: morphine 0.9 mg and bupivacaine 

9 mg). A variable ratio of the opioid and local anesthetic 

agents was used, such that the dosages of the two drugs 

were adjusted in order to obtain the optimal analgesia with 

the fewest side effects in comparison to the postoperative 

pain treatment (ie, morphine 2–4 mg/day and bupivacaine 

0.125%).10 The medication was administered in the hospital 

for the first week and self-administered by the patient in the 

outpatient setting for the following 3 weeks. Proper medica-

tion intake and catheter functioning were evaluated every 

week by an expert nurse and a pain physician. On the 30th 

day, the catheter was removed and an appointment for clinical 

follow-up in 1 month was scheduled. No epidural medication 

adjustments were made during the epidural treatment or after 

catheter removal. Patient demographics and clinical features 

are summarized in Table 1.

Outcome measures
Each patient was evaluated for pain levels by two independent 

reviewers not involved with catheter placement and drug 

administration, before catheter placement and at 1 month 

after removal. Pain intensity was assessed with the 0–10 NRS 

and by the Italian version of the McGill Pain Questionnaire 

(QUID), which has 42 descriptors divided into four main pain 

rating index ranks (sensory, affective, evaluative, and mixed). 

The total PRIr (PRIr-T) value, given by the sum of all the 

rank values, describes and quantifies the pain.11,12 Response 

to treatment was considered successful with a pain reduction 

in NRS >30% at follow-up.

Statistical analysis
The Wilcoxon’s rank sum test was applied to evaluate 

changes in NRS and PRIr-T, comparing baseline and 

follow-up levels. Moreover, differences between the four 

PRIr coefficients describing sensory (PRIrc-S), affective 

(PRIrc-A), evaluative (PRIrc-E), and mixed (PRIrc-M) 

aspects of pain were compared in the responders and 

nonresponders. The association between pain variation 

in NRS and QUID at the follow-up was calculated using 

the Spearman’s test. The Kolmogorov–Smirnov test was 

used to assess gender differences in NRS before and after 

treatment. The sample size was chosen in order to obtain 

a pain reduction >30% at follow-up in patients with a 

pretreatment NRS pain intensity ≥7/10. Considering an 

alpha level of <5%, a study group of 20 patients allowed 

achievement of a statistical significance of >95% with 

statistical power of >80%.

Results
No significant posttreatment adverse effects or complica-

tions occurred. Eighty-three consecutive patients, diagnosed 

with radicular lumbosacral pain between January 2014 and 

December 2015, were evaluated in the Pain Medicine Unit 

of Santa Maria Maddalena Hospital. Oral medications that 

were prescribed for therapy before the enrollment included 

non-steroidal anti-inflammatory drugs, antidepressants, 

anticonvulsants, and opioids, and the pre-enrollment physical 

therapy was based on a progressive specific exercise program 

involving the training of the deep abdominal and lumbar 

muscles. Radicular epidural injection with triamcinolone 

40 mg/mL and lidocaine 2% 0.3 mL was performed with 

ultrasound guidance.13,14 Fifty-three patients did not meet 

inclusion criteria and were excluded from the study. Two 

patients were excluded during the treatment period after 

malfunction and subsequent removal of the epidural catheter, 

and six patients reported no improvement in pain level at the 

fourth week and were removed from follow-up. Ultimately, 

22 patients remained enrolled in the study, and most (73%) of 

these patients reached significant pain relief during treatment. 

The study profile and the epidural treatment effect on pain 

scores are summarized in Figure 2 and Table 2, respectively.

NRS and PRIr-T were significantly reduced at follow-up 

(P=0.001 and P=0.03, respectively). These data were con-

firmed by the parallel evolution in the two scores (r=0.75, 

P<0.001), strengthening marked pain relief lasting up to 1 

month after treatment cessation (Figure 3). If the four pain 

rating coefficients were analyzed, none of the single items 

was significantly modified compared to the others either in 

responders or in nonresponders. The Oswestry Disability 

Index was applied for clinical purposes and showed an overall 

improvement at follow-up. Nevertheless, considering the 

frequent association with low back pain, disability caused 

by axial pain might not be accurately discriminated from the 

Table 1 Distribution by age and sex and main clinical features

Variables N = 22

Age (years) 61.1 (14.7)
Males 8
Females 14
Etiopathology
Disk herniation 9
Failed back surgery syndrome 13
Radicular levels
L2 2
L3 3
L4 12
L5 18
S1 8

Note: Data are represented as mean (SD) or n.
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radiating neuropathic component. Therefore, we chose not 

to include this index in the study due to the complex nature 

of lumbosacral radicular pain.

A successful clinical outcome was observed in eleven of 

the 22 patients at the follow-up, with 50.4% of effect size and 

97.2% of statistical power. The interaction between gender 

and pain relief was not statistically meaningful.

Discussion
In this study, we evaluated pain improvement after the ces-

sation of epidural treatment with morphine and bupivacaine. 

At follow-up, half of the patients suffering from moderate-to-

severe pain at baseline reported a significant improvement, 

which was confirmed with two validated scores, affecting 

the sensory and evaluative as much as affective aspects of 

pain. To our knowledge, this is the first study to report the 

effectiveness of epidural treatment with combined opioids 

and anesthetics persisting after catheter removal. If pain 

improvement had occurred, it was maintained for 1 month 

after therapy cessation, thereby suggesting a potential role 

for modifying the natural history of the disease. Although 

the protocol was complex, involving hospital admission, 

placement of epidural catheter in the operating room, and the 

administration of medications for 4 weeks, all the patients 

6 patients did not improve during treatment

53 patients not meeting the selection criteria

83 patients with radicular pain

30 patients with radicular and probable/definite
neuropathic pain enrolled

28 patients concluded the 4-week treatment

22 patients evaluated at the follow-up

2 patients excluded due to malfunction of
epidural catheter

Figure 2 Study profile.

Table 2 Pain variations following epidural treatment with 
morphine/bupivacaine

Pain evaluation tool Pretreatment Follow-up

NRS 8.5 (1.2) 5.6 (3.3)
PRIr-T 24.5 (8.8) 18.3 (11.9)
PRIr-somatic 0.32 (0.07) 0.21 (0.14)
PRIr-affective 0.34 (0.23) 0.21 (0.17)
PRIr-evaluative 0.37 (0.20) 0.23 (0.18)
PRIr-mixed 0.30 (0.21) 0.17 (0.21)

Note: Data are represented as mean (SD).
Abbreviations: NRS, numeric rating scale; PRIr, pain rating index rank; PRIr-T, 
total PRIr.

30.0
Effects of treatment on pain scores

25.0

20.0

15.0

10.0

5.0

0.0
NRS PRIr-T
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S
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T30

*

*

Figure 3 Mean NRS and PRIr-T at pretreatment and 30 days after catheter removal.
Note: *Statistical significance in comparison with baseline (NRS, P=0.001 and PRIr-T, 
P=0.03).
Abbreviations: NRS, numeric rating scale; PRIr-T, total pain rating index rank.
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included in the study had severe chronic pain that was refrac-

tory to several standard treatments.

Opioid infusion has increasingly been used as a treatment 

in noncancer pain and more recently has been assessed in 

patients with chronic pain. Pain levels improve significantly 

with higher doses, but these levels can promote the risk of 

abuse and often burden the patient with adverse effects. One 

of the main pitfalls in opioid therapy lies in the progressive 

development of tolerance, which is responsible for decreas-

ing efficacy.15 Epidural delivery of anesthetics may be asso-

ciated with prolonged analgesia and reduced mechanical 

allodynia in rats with nerve injury, whereas similar effects 

have also been described in humans with neuropathic pain 

after lidocaine administration.16 In other trials, the combina-

tion of intrathecal bupivacaine and morphine showed good 

efficacy in most cancer and nonmalignant pain patients with 

neuropathic or mixed pain. In addition to enhancing anal-

gesia, bupivacaine combinations seem to be responsible for 

opioid-sparing regimens with diminished adverse effects.17

Opioids are usually claimed to target dorsal horn cell 

receptors and cause pre- and postsynaptic modulation of 

pain, although peripheral effects have also been taken into 

account due to the identification of opioid receptors on 

peripheral sensory neuron processes.18 A previous study has 

also shown that microinjection of opioids into the brainstem 

may elicit powerful antinociceptive effect in animals and 

humans, likely involving the periaqueductal gray (PAG) and 

the rostro-ventromedial medulla (RVM).19 Although the cel-

lular mechanisms and sites of action are still debated, many 

local anesthetics block ion channels at the dorsal entry root 

zone and antagonize pain transmission via Ad and C fibers.20 

Moreover, bupivacaine may inhibit spinal glutamatergic 

transmission, and its analgesic effect might also be subse-

quent to the modulation of N-methyl-D-aspartate receptors 

in the superficial dorsal horn.21

Compelling evidence suggests that ectopic neural dis-

charge may represent an underlying mechanism of neuro-

pathic pain. These abnormal impulses may arise at the site 

of nerve injury or far from it, in apparently intact axons 

or structures, driven by abnormal discharges in Ab or C 

fibers.22 In this regard, the role of the dorsal root ganglion 

(DRG) has been widely investigated, due to its location as 

a border area between spinal cord and peripheral nerves. 

Abnormal discharges in the DRG tend to be more sensi-

tive to lidocaine injection than those at the site of nerve 

injury. Several studies highlighted that hyperexcitable DRG 

neurons begin to show ongoing activity that lasts many 

days or weeks after nerve injury. In turn, this pathological 

activity might induce reversible central sensitization.23 In 

experimental models, systemic lidocaine silences the DRG 

ectopic discharges without blocking nerve conduction, 

whereas local anesthetic agents applied intrathecally and to 

the DRG surface in patients with phantom limb pain produce 

transient improvement of painful and nonpainful sensations 

in the majority of subjects, strengthening the conclusion 

that lidocaine can antagonize spontaneous bursting action 

potential discharge and sensitization.24 Despite the distance 

from the catheter tip, sensitized DRG might therefore have 

responded to low-dose bupivacaine and, because of a lack 

of efficient neurovascular barriers, it could be considered 

as a potential target in our study.

In addition, ion channels are widely expressed in the 

central nervous system as much as in the periphery. The 

number of sodium channels (eg, Na
v
 1.3) has been found to 

be increased in dorsal horn and thalamic neurons after trau-

matic spinal cord injury, producing central pain. Blocking 

the expression of such channels may reverse the excitability 

changes in either the central nervous system or the peripheral 

nervous system, whereas injection of lidocaine into the RVM 

blocks tactile and thermal hyperesthesia.25

Increasing evidence is also documenting the anti-

inflammatory properties of anesthetics, resulting from their 

modulating action on the immune system. Manchikanti et al26 

showed comparable long-lasting efficacy of epidural steroids 

and anesthetics in patients suffering from chronic lumbar disk 

herniation. This result might explain the improvement in low-

back pain with radicular involvement, which often combines 

mixed features of nociceptive and neuropathic effects.

How can we explain the maintenance of pain control 

efficacy in our results, lasting up to 1 month after the cessa-

tion of treatment and catheter removal? Several experiments 

showed that administration of systemic or local anesthetics 

may improve symptoms related to neuropathic pain for vari-

able amounts of time after the end of therapy.27 Some data 

stress the important role of bupivacaine in pain control: 1) the 

common tendency to increase the dose of opioids to optimize 

pain control, whereas in our study, it was maintained at a 

constant dose, and 2) the reported pain improvement after the 

addition of intrathecal bupivacaine in patients unresponsive 

to opioid alone.28 Bupivacaine may enhance the analgesic 

effect of opioids through its action on voltage-gated calcium 

channels, changing opioid pharmacokinetics and receptor 

conformation.29 Moreover, chronic pain has been associated 

with structural and functional changes in the human cortex and 

with dysfunctional descending pain modulation, which may 

be affected by medications and pain resolution, suggesting 
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 cortical plasticity processes.30 Epidural addition of bupivacaine 

to opioids might help in restoring physiological antinociceptive 

mechanisms, therefore preventing or antagonizing chronic 

neuropathic pain.31 Because our patients were suffering from 

refractory neuropathic pain, we considered a reduction of pain 

>30% (at follow-up) as utilized in clinical trials, as significant.32

The analysis of QUID coefficients failed to disclose 

significant pain variation among PRIrc-S, PRIrc-A, PRIrc-

E, and PRIrc-M. The treatment improved sensory pain as 

much as affective quality of pain in responders, whereas 

none of these items changed compared to the others in poor 

responders. Nevertheless, the use of pain coefficients is not 

sufficient to rule out placebo effects, which may play an 

important role in the subjective response to treatments.33 The 

heterogeneous and small number of patients may be another 

issue, given that neuropathic pain may develop from different 

disorders and etiologies, making tighter criteria too restric-

tive. Nevertheless, we believe that the statistical power in this 

study was strong enough to support reliable results. Finally, 

the short duration of follow-up in this study does not allow 

us to comment on the potential for long-term pain relief. In 

animal models, intravenous infusion of lidocaine was able 

to eliminate mechanical allodynia for at least 3 weeks after 

treatment, but the maximal duration in humans needs to be 

elucidated in further studies.

Conclusion
The present results showed significant efficacy of combined 

epidural morphine and bupivacaine in the treatment of 

radicular neuropathic pain, which was maintained for up 

to 1 month after the end of administration. As a result of 

multiple pathophysiological events, central and peripheral 

neural changes may produce clinical symptoms and lead to 

chronic pain. Neuronal sodium-channel blockade over long 

periods might help restore the normal balance. Maintaining 

significant pain relief with low doses of epidural bupivacaine/

opioid may allow the physician to minimize adverse effects, 

neurotoxicity, and drug dosages, or to adopt more conserva-

tive approaches (eg, physical therapy) in pain management. 

Therefore, further studies are needed to evaluate the safety 

and reliability of this regimen over long periods, to promote 

the use of epidural treatment in selected cases, or ultimately 

to develop new implantable pump systems engineered to 

provide infusions for extended pain relief.
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