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Postoperative pain management

Alexandros Kolettas', George Lazaridis’, Sofia Baka®, Ioannis Mpoukovinas®, Vasilis Karavasilis’, Ioannis
Kioumis’, Georgia Pitsiou’, Antonis Papaiwannou’, Sofia Lampaki’, Anastasia Karavergou’, Athanasia
Pataka’, Nikolaos Machairiotis®, Nikolaos Katsikogiannis®, Andreas Mpakas’, Kosmas Tsakiridis’,
Nikolaos Fassiadis®, Konstantinos Zarogoulidis’, Paul Zarogoulidis’

1Anesthisiology Department, “Saint Luke” Private Hospital, Thessaloniki, Greece; ‘Department of Medical Oncology, Aristotle University
School of Medicine, Thessaloniki, Greece; sOncology Department, “Interbalkan” European Medical Center, Thessaloniki, Greece; 4Oncology
Department, “BioMedicine” Private Clinic, Thessaloniki, Greece; "Pulmonary-Oncology, “G. Papanikolaou” General Hospital, Aristotle University
of Thessaloniki, Thessaloniki, Greece; “Surgery Department, University General Hospital of Alexandroupolis, Alexandroupolis, Greece; "Thoracic
Surgery Department, “Saint Luke” Private Hospital, Thessaloniki, Greece; *Vascular and Endovascular Surgeon, St. George’s, King’s College, Guy’s
and St Thomas’ Hospitals, UK

Correspondence to: Paul Zarogoulidis, MD, PhD. Pulmonary Department-Oncology Unit, “G. Papanikolaou” General Hospital, Aristotle University

of Thessaloniki, Thessaloniki, Greece. Email: pzarog@hotmail.com.

Abstract: Postoperative pain is a very important issue for several patients. Indifferent of the surgery type
or method, pain management is very necessary. The relief from suffering leads to early mobilization, less
hospital stay, reduced hospital costs, and increased patient satisfaction. An individual approach should be
applied for pain control, rather than a fix dose or drugs. Additionally, medical, psychological, and physical
condition, age, level of fear or anxiety, surgical procedure, personal preference, and response to agents given
should be taken into account. The major goal in the management of postoperative pain is minimizing the
dose of medications to lessen side effects while still providing adequate analgesia. Again a multidisciplinary
team approach should be pursued planning and formulating a plan for pain relief, particularly in complicated
patients, such as those who have medical comorbidities. These patients might appear increase for analgesia-

related complications or side effects.
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Introduction thoracic surgery from structures of chest wall and the

pleura, the phrenic nerve from the diaphragmatic pleura

Thoracic surgery can cause severe postoperative pain that .
sety postop p and the vagal nerve from the lung, mediastinum and the

can interfere adversely with the respiratory function, the mediastinal pleura (1,2). It is believed that the shoulder pain

performance, the outcome and the quality of life of patients. accompanying frequently thoracic procedures is produced

For that reasons, the post thoracotomy patient requires by afferent impulses conducted with phrenic nerves. This

dynamic analgesia, which means that the patient will be kind of pain can appear even when thoracic epidural or

able easily to cough, respirate deeply and move, in order to suprascapular blockade is established (3), but this is not

minimize respiratory complications.

Pain may come from the site of surgical incision, from
rib damage or rib removal, from intercostal nerves injury,
from incision of pulmonary parenchyma or pleura and from
the presence and subsequent irritation due to drainage
tubes. Inrercostal nerves mediate nociceptive pain after
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the case if phrenic blockade is performed (4). Sympathetic
nerves mediate pain from the pleura to the central nervous
system causing visceral pain (1,2). The most common case
of persistent pain after thoracotomy is due to damage of
myofascial structures (muscle, bone, tendons and ligaments)
(5,6). The presence of drainage tubes and residual pleural
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blood may compress and irritate the intercostal nerves,
causing further inflammation and pain. In addition,
intercostal nerves may be damaged if sutures or wires are
passed around the ribs close to the neurovascular bundle.
The subsequent neuralgia is a burning and lancinating
pain, which is worsened in the night and by stretching
the affected nerve (5). Generally, any movement that
causes tension on the incision can increase the severity of
pain. Such movements are deep breathing, coughing and
extensive body movements.

The usually performed surgical procedures are the
classical thoracotomy, the mini-thoracotomy and the video
assisted thoracoscopic surgery (VATS). The latter involves
the use of trocars. The pain produced from classical
thoracotomy procedure is more severe than the pain after
thoracoscopic surgery, as indicated from the increased
visual analogue scale pain intensity (VAS) at rest and
the increased morphine consumption in the first group
(thoracotomy patients) (7). After VATS the postoperative
hospital stay is significant shorter. However, VATS is not
associated with significant reduction of postoperative
chronic pain syndrome, which is probably due to intercostal
nerve and chest wall muscle trauma from trocar insertion (8).

The pain severity depends on the location and the length
of the thoracotomy incision. Antero-lateral thoracotomy and
median sternotomy are associated with less postoperative
pain in comparison with the postero-lateral thoracotomy (9).
However, the major disadvantage of median sternotomy is
the limited access to some intrathoracic structures (10,11).
The classical thoracotomy is more painful than the mini
thoracotomy, because classical thoracotomy is a longer
incision and the tissue trauma is more extended. Muscle
sparing incisions have been described, but the surgical view
is limited.

If the patient is already on chronic opioid therapy,
tolerance is developed and the quality of postoperative
pain management with opioids is reduced. Young patients
are more vulnerable to postoperative pain, while the
elderly patients are more sensitive to systemic opioids.
Because the psychological factor is a major component in
the process of pain generation, perception and sufferance,
good preoperative communication and anxiety decrease can
favorably affect this pain dimensions.

Pain management

There are several approaches for the pain management
after thoracic surgery. Systemic analgesics can be used alone
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or in combination between them or in combination with
regional techniques. The systemic analgesics commonly
used are paracetamol, morphine, NSAID, ketamine or
the coadministration of opioids and NSAID. The drug is
administrated usually intravenous, but other routes such
intramuscular or subcutaneous are acceptable, although not
commonly used.

The regional technique usually used is intercostal blockade
intraoperatively before the closure of the thoracotomy,
or directly postoperatively. The preferred intraoperative
injection under direct vision decreases the frequency of
complications. Other regional alternatives are epidural
blockage (gold standard in major open thoracotomy), the
intrathecal or epidural administration of morphine and the
paravertebral block.

Systemic approach
Paracetamol—NSAIDs

Paracetamol is classified as mild analgesic and not as
NSAID because its anti-inflammatory activity is weak. It is
found that paracetamol in patients with thoracic epidural
analgesia can decrease post-thoracotomy ipsilateral shoulder
pain when given preemptively and regularly during the first
48 hours postoperatively (12).

The pain relief from NSAIDs is due to the inhibition
of cyclooxygenase, an enzyme that is involved in
the production of prostaglandins, prostacyclins and
thromboxans, which are all involved in the generation of
pain (13).

The NSAIDs usually used for postoperative pain
management are diclofenac, ketorolac, lysine acetyl
salicylate, indomethacin, piroxicam, and tenoxicam.
NSAIDs affect adversely the coagulation because they
cause platelet dysfunction, making systemic bleeding more
possible. This effect is independent from the route of
administration. Among the others potential adverse effects,
the renal dysfunction and the gastrointestinal bleeding are
the most important (14-19). The patients with pre-existing
renal disease, hypovolemia or treatment with loop-diuretics
are more vulnerable to acute renal failure.

Intramuscular diclofenac 75 mg/12 h (20), rectally
indomethacin 200 mg/24 h (21) or continuous intravenous
lysine acetyl salicylate (7.2 g/24 h) (22) decrease the
required quantities of morphine and the postoperative
VAS scores. Indeed, the i.v. lysine acetyl salicylate was
comparable with i.v. infusion of morphine (40 mg/24 h).

www.jthoracdis.com F Thorac Dis 2015;7(S1):S62-S72



S64

Table 1 Postoperative analgesia

Agent I.M. I.V. (mg/kg)
Morphine (mg/kg) 0.05-0.2 0.03-0.15
Meperidine (mg/kg) 0.5-1 0.2-0.5
Fentanyl (ug/kg) — 0.5-1.5

The development of selective COX-2 inhibitors
has reduced COX-1 dependent adverse events, such
gastrointestinal bleeding, while offering analgesia and
decreased opioids requirements and possibly decreased
nausea and vomiting (23). In a prospective randomized
double-blind placebo-controlled study with patients
undergoing thoracotomy and taking epidural patient
controlled analgesia (PCA) (T4-T5) for postoperative
analgesia for 48 h, the addition of oral celecoxib improved
significantly the patient satisfaction and the postoperative
pain scores at rest and during coughing (24). However,
selective COX-2 inhibitors have not found widespread use,
due to concerns of increased severe myocardial ischaemic
events.

The inhibition of inflammation due to NSAIDs may
be undesirable in specific procedures such as pleurodesis,
where the propagation of inflammation is a part of
therapeutic approach.

Opioids

The traditional use of opioids for postoperative analgesia
after thoracic surgery includes morphine, pethidine
(meperidine), fentanyl or tramadol. The route of
administration may be intravenous, intramuscular or
subcutaneous. Usually, the use of opioids is almost always
supplemental to other alternative analgesic approaches. The
administered doses depends on the choice of opioid, the
route of administration and the possible other supplemental
analgesic treatment (7able I).

The action of tramadol is mediated through p-opioid and
nonopioid activity. The latter involves increased a,-agonist
and serotonergic activity (25). The usual dosage in adult
patients postoperatively is 100 mg i.v. as a loading dose,
followed by a repetition dosage of 50-100 mg i.v. every 4-6 h.

"The major disadvantage of opioids used for postoperative
pain treatment is the narrow therapeutic window, with the
consequence of nausea, vomiting, somnolence or respiratory
depression even with moderate doses. Moreover, patients
on a chronic opioid therapy can develop tolerance to these
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drugs, making the pain relief with their use more difficult.
In that case, the use of gabapentin may provide pre-emptive
analgesia, limiting the incidence of Chronic Post-Operative
Pain Syndrome in these patients. The combination of
i.v. opioids and NSAID i.v. has become popular, with
satisfactory safety regarding anticoagulation and renal
function. In addition there are other regional alternatives
that can be used in effective combination with the systemic
use of opioids, such as the intercostal, intrapleural,
intraspinal and paravertebral blockade with the use of local
anesthetics.

Ketamine

Ketamine is a non-competitive antagonist which blocks
the ion channel associated with NMDA receptor. By this
way the central hyperexcitability of dorsal horn neurons
is blocked. The activation of NMDA receptor plays an
important role in postinjury central sensitization and
hyperalgesia, suggesting that systemic ketamine may be
used effectively in treating postoperative pain (26-28).

After thoracic surgery, i.m. administration of ketamine
1 mg/kg resulted in similar pain scores and in weaker
respiratory depression in comparison with i.m. pethidine
1 mg/kg (29).

Ketamine is capable of decreasing significantly immediate
post-surgical pain after thoracotomy, but has no benefits in
preventing chronic pain measured in long-term follow up
(post thoracotomy pain syndrome) (30)!

Intravenous administration of ketamine at induction
dose 1 mg/kg, followed by infusion at dose 1 mg/kg/h
intraoperatively and 1 mg/kg/24 h postoperatively improved
immediate postoperative pain, but failed to control the
development of chronic pain at 1-2, 6 weeks and 4 months
after surgery (30).

The similar results are produced from the addition
of epidural ketamine (1.2 mg/h) to preemptive epidural
analgesia with levobupivacaine and fentanyl. No difference
in the incidence of chronic post-thoracotomy pain at
3 months between the two groups was observed (31).

Regional analgesia

Regional techniques are very important tools in the
treatment of postoperative pain after thoracotomy.
Intercostal, paravertebral, epidural and spinal route can
be used for drug administration. In addition, the local
infiltration with ropivacaine 0.75% along the thoracotomy
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before the incision and after the closure of the surgical
trauma can reduce significantly the severity of pain, acting
supplemental to the other regional techniques (32).

Intrapleural analgesia has inconsistent efficacy, especially
in post thoracotomy patients, who have chest drain tubes.
If local anesthetic is injected into the intrapleural space, it
will drain from the chest through the drain tube. Blood may
also be present in the thoracic cavity, reducing the analgesic
effect of intrapleural anesthetics.

Intercostal blockade

Intercostal blockade interrupts ipsilaterally the transmission
of neural impulses from the intercostal sensory and motor
fibers of intercostal nerves to and from spinal cord and
upper centers. This technique is in practice since many
years. By this way, spinal nerves from T'1 through T 11
can be blocked effectively decreasing VAS pain scores
significantly. Local anesthetics can be infused as a single
dose just before closure of the thoracotomy (11,33-36), as a
single (37) or multiple (38) percutaneous injections or via an
indwelling intercostal catheter (39-41). Intercostal blockade
can reduce opioid requirements, however, cannot eliminate
them. Supplemental systemic analgesia is almost always
needed. Upon removal of pain, the respiratory mechanics
improve impressively.

That 3 mL of local anesthetic can easily spread along the
groove of intercostal nerve distally and proximally resulting
in the nerve block. The most popular site for intercostal
nerve blockade in adults is at the angle of the rib, about
6-8 cm from the spinous processes. At the mid-axillary line
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each nerve gives a lateral cutaneous branch supplying the
muscles and skin of the posterolateral thorax and abdomen
and an anterior cutaneous branch supplying the muscles and
skin of the anterior thorax and abdomen. A block anterior to
the mid-axillary line reduces the likelihood of blocking the
lateral cutaneous branch (42). If the blockage is performed
intraoperatively, the local anesthetic is injected through the
thoracic cavity under direct or thoracoscopic vision. For a
successful analgesia, blockade at 2 levels above and 2 levels
below the dermatomal level of surgical incision is required.
If multiple level bilateral blocks are required, then epidural
or paravertebral blocks should be more suitable (Figure I).

Among the main disadvantages of intercostal blocks is the
high level of systemic absorption of local anesthetics (39),
especially when the blockade is performed at multiple
levels. More precisely, the intercostal absorption is the
highest in the body. The rich vascular perfusion of the area
is responsible for this effect. The local anesthetics that can
be used include bupivacaine 0.25-0.5%, lidocaine 1-2%
with epinephrine 1/200,000-1/400,000 and ropivacaine
0.5-0.75%. The blockade usually lasts 12+6 h. If epinephrine
is added to bupivacaine or ropivacaine, the blockade duration
is not prolonged significantly. However, the rate of systemic
absorption may be favorably decreased, allowing an increase
of dose with the single shot by 30%. With the technique
of single shot, the maximum dose of bupivacaine is 2 or
3 mg/kg if epinephrine is added. Maximum lidocaine dose
is up to 5 or 7 mg/kg with epinephrine and the maximum
ropivacaine single dose is 2.5 or 4 mg/kg with epinephrine.
When continuous infusion of local anesthetic is used, the
daily dose is greater. Bupivacaine is administered up to 7-10
mg/kg/day, lidocaine up to 20 mg/kg/day and ropivacaine up
to 9-12 mg/kg/day.

Significant lower VAS pain scores and lower morphine
consumption have been observed after administration of
bupivacaine 0.5% 20 mL every 6 h for 24 h via indwelling
intercostal catheter. The repeated intercostal bupivacaine
administration (400 mg/24 h) resulted in systemic
absorption with peak bupivacaine concentration of
1.2 pg/mL, with safe limits of 4 pg/mL (39).

Using neurolytic substances with intercostal blockade,
chronic pain conditions such as post-mastectomy pain (12)
and post-thoracotomy pain can be effectively managed.

Paravertebral blockade

Paravertebral block can cause sympathetic and somatic
blockade ispsilaterally via injecting local anesthetics in the
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vicinity of thoracic spinal nerves which are emerging from
the intervertebral foramen. The resultant anesthesia looks
like unilateral epidural anesthesia. Paravertebral blockade
is more suitable than epidural catheters when there are
concerns about the coagulation status.

Choosing the range of thoracic levels, the location of the
resulting dermatomal distribution of anesthesia or analgesia
can be adjusted to the postoperative pain needs. The
injection is performed 2.5 cm laterally from the midline,
which is determined by the spinous processes. The target
goal is the insertion of needle about 1 cm past the transverse
process (Figure 2).

The injected volume of local anesthetic is 3-5 mL and
the duration of analgesic effects depends on the choice of
local anesthetic. 0.5% ropivacaine establishes its analgesic
effects in 15-25 min and lasts for 8-12 h. Increasing the
concentration of ropivacaine to 0.75%, the onset time is 10-
15 min and the duration of effect 12-18 h. Similarly, when
0.5% bupivacaine (plus epinephrine) is injected, the onset
time is 15-25 min with duration of 12-18 h.

Paravertebral blocks can be performed either percutaneously
or intraoperatively under direct visual control to avoid
complications.

Epidural blockade

Thoracic epidural anesthesia is frequently used for
postoperative pain control after thoracotomy or after VATS.
It is accepted that thoracic epidural analgesia can reduce
significantly the incidence of acute and chronic postoperative
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pain. However, there is a controversy relating the timing
that the epidural analgesia is performed. There are trials
that support the preoperative initiation of epidural analgesia,
because it causes a significant reduction of the severity and
incidence of the postoperative pain syndrome (43,44). On
the other side, one trial supports the absence of significance
regarding the timing of epidural initiation (45). Epidural
blockade cannot block the pain stimuli travelled through the
phrenic nerves, resulting in shoulder pain after thoracotomy,
although a successful epidural blockade is in place.

Epidural blockade can be performed through lumbar or
thoracic approach. If the entry level is the midthoracic spine
(especially T3 to T'7), the epidural placement is technically
more feasible through the paramedian approach, because the
angulation of the spinous processes is more oblique and the
openings into the epidural space are much larger (Figures 3,4).

For the achievement of epidural control of postoperative
pain several drugs can be used. Local anesthetics can be
used alone or in combinations with opioids. The most
frequently used local anesthetics are bupivacaine and
ropivacaine. Relative dilute solutions are administered for
analgesia purposes, while more concentrate solutions are
employed for epidural anesthesia. If epinephrine is added
to solutions, the durations of action is prolonged. However,
the incidence of hypotension is increased, because of beta
action of epinephrine causing peripheral vasodilation.

Bupivacaine 0.25% epidurally administered has an onset
time of analgesia of 15-20 min and lasts for 160-220 min.
Analgesia with ropivacaine 0.5% appears after the same
onset time (15-20 min) and lasts 140-180 min.
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Bupivacaine can cause excessive cardiotoxicity
(hypotension, atrioventricular block, ventricular fibrillation)
in the case of intravascular injection, which is refractory to
usual resuscitation methods. The cardiotoxicity is due to the
strong protein binding of bupivacaine to sodium channels
in cardiac cells. Levobupivacaine is the S-enantiomer of
bupivacaine, which has the same anesthetic profile with
bupivacaine but fortunately lacks its cardiotoxicity.

Local anesthetics can be coadministered with other
classes of drugs, aiming the improved quality of neuraxial
blockade. Among these agents are clonidine, neostigmine,
a variety of opioids, ketamine, tramadol, droperidol, and a
new formulation of morphine.

Clonidine can prolong neuraxial blockade and decreases
the dose requirements of epidural local anesthetics (46,47),
without increasing the hypotension secondary of epidural
anesthesia. Moreover, the addition of clonidine can preserve
the preoperative lung function in thoracotomy patients (48).
The combination of clonidine with opioids acts synergistically,
decreasing the dose requirements and the possibility of
adverse effects of opioids.

The more recent addition to the list of epidural additives
is neostigmine, which is a cholinesterase inhibitor. The
inhibition of acetylcholine enzymatic deconstruction and the
indirect stimulation of muscarinic and nicotinic receptors
into the spinal cord can produce analgesia. Epidurally
administered neostigmine can provide postoperative pain
relief without respiratory depression, motor impairment or
hypotension (49).

Morphine is one of the oldest opioids used epidurally.
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It can provide pain relief for less than 24 h, requiring
alternative analgesic methods or a dose repetition. A new
morphine formulation, named Depodur, has the feature
of the extended drug release in the epidural space, using a
drug-release delivery system called Depofoam. The latter
is constituted of microscopic lipid-based particles with
internal vesicles, containing the active drug, which is slowly
released. This system can provide effective pain relief with
minimal adverse effects for up to 48 h (50-52).

Spinal blockade

Intrathecal opioids have been used to supplement the
postthoracotomy analgesia. The intrathecal injection of
morphine is simple, reliable and has potentially fewer
adverse effects in comparison with systemic opioid
absorption. Moreover, intrathecal opioids can produce
segmental analgesia, resulting in localization of nociception
without motor, sensory or autonomic side effects.

Fentanyl is the most frequently used intrathecal lipophilic
opioid. When fentanyl is administered intrathecally in
single doses of 10-30 pg, the onset of analgesia is rapid (10-
20 min) and the action duration is 4-6 h. The cephalad
spread is minimal, resulting in small likelihood for
respiratory depression (53).

Morphine is a hydrophilic opioid, resulting in slow
diffusion into the epidural space and in a high volume
of distribution within the spinal cord, with subsequent
sustained high concentration in CSE. Low dose intrathecal
morphine may cause early or late respiratory depression (up
to 24 h). The onset time of analgesia is slow (30-60 min), the
duration of action is dose related (13-33 h) and the onset
of respiratory depression may be late (it occurs anytime
between 3.5 and 12 h after injection with a peak time 6 h
after injection). Usually injected single doses of morphine
are 0.1-0.2 mg (54,55).

Except respiratory depression, other adverse effects due
to intrathecal opioids injections are nausea, pruritus and
urinary retention (56-58). Rare cases of spinal cord trauma
or nerve trauma, hematoma, infection or inflammatory
reaction are associated with the introduction of catheter or
needle.

Patient controlled analgesia (PCA) (59)

PCA can approach the near optimal state of analgesia,
maintained with minimum sedation and side effects. The
patient adjusts the repetition of dose to the analgesic needs,
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outreaching the minimum effective analgesic concentration.
"Toxic drug concentrations cannot be reached because the
subsequent sedation acts prophylactically by stopping the
dose repetition from the patient.

PCA can be used for drug delivery via intravenous (most
frequently) or epidural route. PCA is not a good analgesic
alternative if the patient is confused and not capable of
using the PCA pump handset. Before the initiation of PCA
use, a sufficient analgesic state should be established.

In the case of epidural PCA, a solution of L-bupivacaine
0.125 with fentanyl 4 mcg/mL gives satisfactory analgesia.
The bolus dose should be 3-5 mL, the lockout period 10-
15 min with no background continuous infusion. If the
latter is the case, then the bolus dose should be decreased
and the lockout period increased!

If PCA is used for intravenous drug administration, it
is commonly combined with paravertebral or intercostal
nerve blocks. Otherwise, the systemic opioids side effects
may limit the dosage, resulting in suboptimal analgesia
with subsequent respiratory complications in thoracotomy
patients. The bolus doses could be morphine 1-2 mg,
fentanyl 10-20 mg, pethidine 10 mg or tramadol 10 mg.
The lockout time should not be less than 5-8 min according
to the above doses. The background infusion may increase
the incidence of respiratory depression and is useful only in
opioid tolerant patients.

The major concern with the function of PCA is the
respiratory depression. The risk is increased if there is a
background infusion, in elderly patients, if concomitant
sedatives are administered, in respiratory disease, in
obstructive sleep apnea, and if there are operator or
equipment errors. The administration of bolus naloxone
400 mg i.v. or more reverses the respiratory depression, and
perhaps continuous naloxone infusion may be required, due
to its shorter half life.

Chronic postoperative pain syndrome

Some patients develop chronic postoperative pain of
significant duration of months or even of years. The
incidence of the syndrome is decreasing with the time,
however, it is significant high. It can be as high as 80% at
3 months, 75% at 6 months, 61% at 1 year, 36% at 4-5 years
and 21% at 6-7 years. Factors affecting the incidence of
the syndrome are the age, the gender, the incision type and
the high consumption of analgesics during the first post-
operative week (60).

This syndrome has a significant neuropathic component
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and opioid therapy may be ineffective. In contrast,
gabapentinoids seem to be effective for relief of chronic
pain. Other agents that can be used for the treatment of
chronic post-thoracotomy pain are pregabalin, tricyclics
antidepressants, serotonine-norepinephrine reputable
inhibitors and lidocaine patches (61). Tramadol failed to
prevent the development of chronic pain when the patients
were followed up in a long term basis (24).

In case of fail of the medical therapy, intercostal nerve
blocks and pulsed radiofrequency of the dorsal root ganglion
may be useful (62-79). Epidural blockade can alleviate
some types of thoracic pain, but there is doubt about its
effectiveness in prevention of chronic postoperative pain
syndrome (80-94). One effective alternative is spinal cord
and peripheral nerve stimulation. The leads are placed for
a trial period of several days aiming the proof of significant
pain relief (91,95-107). When this proof is given, then the
more permanent leads and the externally programmable
pulse generator are placed. If the pain relief becomes
inadequate, the leads and the generator can be removed.
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