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Perineural morphine in patients with chronic ischemic lower extremity 
pain: effi cacy and long-term results
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Introduction

Recent interest has focused on the role of opioid recep-
tors in nociception, because their activation can inhibit 
pain directly at its origin without unwanted central side 
effects. Peripheral opioid receptors are now known to 
be synthesized in the dorsal root ganglion (DRG) 
and transported intraaxonally to the peripheral sensory 
nerve endings [1–3]. The demonstration of opioid 
receptors in the peripheral nervous system offers the 
possibility of providing analgesia not only during the 
postoperative period but also for chronic pain [4].

Previous studies have shown that perineural opioids 
on top of local anesthetics prolong postoperative anal-
gesia and that this kind of analgesia is mediated by 
peripheral opioid receptors [5–9]. These peripheral 
analgesic effects of opioids are predominant under 
infl ammatory conditions [10–12]. Local infl ammatory 
processes can be a signal for the intraaxonal transport 
of specifi c receptors for opioids to the nerve endings in 
infl amed tissue [13]. Nevertheless, relatively few studies 
have examined the effects of locally administered opioid 
agonists in chronic pain [14]. Peripheral vascular disease 
(PVD) is a good example of chronic pain due to infl am-
mation under ischemic conditions [15]. Therefore, the 
peripheral administration of opioid agonists may theo-
retically inhibit ischemic pain in PVD.

A continuous popliteal sciatic nerve bock with a peri-
neural infusion of local anesthetic has been shown to 
provide multiple benefi ts after moderately painful 
orthopedic procedures on the foot, including decreases 
in pain, opioid use, opioid-related adverse effects, and 
sleep disturbances [16–20]. The use of adjunctive opioids 
has not been investigated in the setting of popliteal 
sciatic nerve bock.

This study in patients with chronic ischemic lower 
extremity pain aimed to compare the effi cacy of mor-
phine plus a local anesthetic with that of a local anes-
thetic alone, both given peripherally for a long term. In 
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addition, the safety and impact on daily activity of the 
long-term treatment selected by the patients were 
evaluated.

Patients, materials, and methods

The present study was conducted at the Pain Clinic of 
the Anesthesiology Department, Istanbul University 
Cerrahpasa Medical Faculty. The study was designed as 
a single-center, double-blind, randomized controlled 
trial. The study protocol was in accordance with the 
Declaration of Helsinki and it was approved by the 
institutional ethics committee. All patients gave their 
written informed consent prior to study entry.

Patient selection

Fifty patients who were referred to the Pain Clinic from 
the Cardiovascular Surgery Clinic were included in the 
study (mean age, 50 ± 14 years). All patients had lower 
extremity ischemic pain due to Fontaine grade IV PVD, 
and all had undergone surgical sympathectomy. Follow-
ing the assessment of pain, patients not responding to 
systemic analgesic drugs (the third stage on the WHO 
treatment ladder) were considered to require interven-
tional treatment. For this purpose, popliteal analgesia 
was administered by a peripheral approach. Patients 
who were already taking anticoagulants for their peri-
pheral vasculopathy were treated according to the 
guidelines on anticoagulants and neuraxial block [21]. 
Exclusion criteria were as follows: uncooperative 
patients; patients receiving debridement treatment for 
their ischemic ulcer; and patients with diabetes mellitus, 
severe bronchopulmonary disease, clotting disorder, 
hepatic or renal insuffi ciency, or second- or third-degree 
cardiac A-V block. In addition, any contraindications 
for peripheral nerve block, such as patient’s refusal, 
history of recent systemic or local infection at the punc-
ture site, history of central or peripheral neuropathy, or 
known allergy to local anesthetic and trial drugs were 
also accepted as reasons for exclusion.

Study design

The primary objective of the present study was to 
compare the analgesic effi cacy of perineural morphine 
added to local anesthetic with that of perineural local 
anesthetic alone in the long term in patients with 
chronic ischemic extremity pain. For this purpose, the 
study was designed in three phases. The fi rst phase was 
defi ned as the time during which the popliteal block 
procedure and its assessment would be accomplished. 
The second phase, also called the trial period, was the 
time interval beginning with the injection of the fi rst 

study solution and its assessments, continuing with a 
24-h washout period, followed by the injection of the 
second study solution and its assessments. At this point, 
patients were required to select the most satisfying 
treatment. The third phase was the long-term phase, 
beginning with the initiation of the most satisfying 
treatment which would be continued thereafter. The 
last phase included a 24-h in-hospital follow-up and a 
week follow-up after discharge. After the end of the 
study, the patients were allowed to continue their treat-
ment at home as long as they needed, and weekly 
follow-ups were scheduled.

In the fi rst study phase, the effi cacy of the block and 
the place of the catheter were assessed while a distal 
sciatic block procedure was performed. In the trial 
phase, the effi cacy and safety of the study solutions and 
their effects on daily activities were assessed in a double-
blind fashion. In the long-term phase, study outcomes 
were monitored in a single-blind fashion while the 
patient was at home.

The secondary study objective was to compare the 
safety of these treatments and their impact on the daily 
activities of the patients in the long term.

First phase of the study

Peripheral nerve block procedure
A peripheral intravenous catheter was placed in each 
patient. Patients were monitored by ECG, pulse oxim-
eter, and blood pressure, and the measurements were 
recorded at baseline and during peripheral nerve block. 
Then patients were placed in the prone position for the 
procedure. An experienced pain physician performed 
all the blocks. A conventional aseptic procedure was 
used to insert popliteal block catheters. All popliteal 
blocks were performed using nerve stimulators 
(Stimuplex HNS 11; B. Braun Melsungen, Melsungen, 
Germany) with a posterior approach. After local skin 
infi ltration with 1 ml of 1% lidocaine, insulated short-
beveled stimulating needles (Plexolong; Pajunk, Geis-
ingen, Germany) connected to the nerve stimulator 
were advanced horizontally with a 45° cephalad angle 
until muscular stimulation was elicited. The intensity of 
the current, initially set at 2 mA, was gradually decreased 
to a threshold of 0.4–0.3 mA, while stimulation of the 
tibial nerve (plantar fl exion of either the foot or toes) 
or common peroneal nerve (dorsal fl exion or eversion 
of either the foot or toes) was maintained and the place-
ment of the needle was considered to be successful. A 
nonstimulating 20-gauge catheter was then inserted 
through the needle for 2 to 3 cm. The catheter was 
secured and covered with a transparent dressing. After 
negative aspiration for blood, 2 ml of bupivacaine 0.5% 
was injected initially and after disappearance of muscu-
lar twitch, the rest of the local anesthetic solution (total, 
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30 ml of bupivacaine 0.5%) was injected with gentle 
aspiration in divided doses.

Assessment of popliteal block
Patients were then placed in the supine position for all 
assessments. A block was considered successful when 
sensory block (inability to recognize cold temperatures 
with an ether-soaked cotton swab on the tip of the 
dorsal and plantar surfaces of the foot) and motor block 
(plantar and dorsal fl exion) was present 45 min after the 
injection of bupivacaine. Motor block was evaluated 
with a three-point scale score: 0, no motor block; 1, 
partial motor block; 2, complete motor block. The onset 
of analgesia was determined after diagnostic block. The 
block was considered as failed if sensory and motor 
blocks were not noted or when analgesia was absent 
until 45 min after the fi rst injection. Hemodynamic 
parameters were also measured during the diagnostic 
peripheral block. A 20% decrease in basal blood pres-
sure and a 20% decrease in heart rate were accepted as 
hypotension and bradycardia, respectively. An arterial 
oxygen saturation (SpO2

) of 85% or less was defi ned as 
respiratory depression.

Second phase of the study (trial phase)

Patients who had a successful block were advanced to 
the second phase (also called trial phase) when the pain 
intensity increased again to a score of 4 or more on a 
numerical rating scale (NRS) after the fi rst phase. They 
randomly received study treatment 1 solution (bupiva-
caine) and study treatment 2 solution (bupivacaine plus 
morphine) from a popliteal catheter consecutively, or 
vice versa, for one time in a double-blind fashion, with 
a washout period in between. The randomization was 
done with respect to the order of administration. Only 
the coordinating staff had the information regarding the 
medications throughout all study phases; thus, neither 
the patient nor the investigator was informed on medi-
cations at any time point, so that the double-blind design 
was never infringed. Study treatment 1 solution con-
tained 0.125% bupivacaine in 20 ml of saline and study 
treatment 2 solution contained 0.125% bupivacaine + 
10 mg morphine in 20 ml of saline.

All patients received each study treatment solution 
as only a single bolus shot throughout the second phase 
(trial phase). The trial phase was divided into two 
periods. The period during which the fi rst study solution 
after randomization was assessed was called trial period 
1 (T1), and the period during which the second solution 
was assessed was called trial period 2 (T2). Patients who 
received study treatment 1 solution in T1 were given 
study treatment 2 solution in T2 or vice versa. There 
was a 24-h washout period between the two trial periods, 
considering a carry-over effect. At the end of the 

washout period, the other study treatment was also 
administered when the score on the NRS was 4 or more. 
Rescue analgesia with IV lornoxicam vials 8 mg was 
also available in case it was required to maintain accept-
able pain relief (NRS < 4) throughout the washout 
period. Lornoxicam is a nonsteroidal anti-infl ammatory 
drug (NSAID) of the oxicam class and has a short 
plasma half-life of 3–5 h [22]; thus, no residual effect of 
lornoxicam was considered in T2.

Assessments during trial phase
The effi cacy of each study treatment was assessed by 
resting and active state NRS values and the duration of 
analgesia. The NRS score was recorded at 60 min and 
at 8 and 12 h. The duration of analgesia was assessed by 
the time period during which pain was controlled with 
an NRS score of less than 4 (fi rst analgesic require-
ment). Sensory and motor blocks were assessed only 
at 30 and 60 min. Hemodynamic parameters, SpO2

, side 
effects related to the study drug (nausea, vomiting, con-
stipation, pruritus, micturition, somnolence, signs and 
symptoms of local anesthetic toxicity) were assessed at 
30 and 60 min and at 12 h in the second phase of the 
study. Additionally, daily activities were also questioned 
at the end of the second phase. Daily activity was 
measured with a standardized seven-point Likert scale 
[23,24]. The patient was asked to score daily activity 
according to the questionnaire illustrated in Table 1. 
Improvement of daily activity was defi ned as a score of 
6 on the Likert scale.

Third phase of the study (long-term phase)

For their long-term use at home, patients were allowed 
to choose the most satisfying treatment. Treatments 
were administered as long-term continuous infusion + 
bolus via a patient-controlled analgesia (PCA) pump 
(Abbott; North Chicago, IL, USA). Patients who pre-
ferred bupivacaine in the trial phase received bupiva-
caine 0.125%/5 ml·h−1, and those who preferred 
bupivacaine plus morphine received bupivacaine 
0.125% + 1 mg morphine/5 ml−1·h−1, again in a double-
blind manner. In both groups, the bolus dose was 5 ml, 
with a lockout time of 20 min. All patients were 

Table 1. Likert scale seven-point scoring system: daily activity 
[23,24]

Score Percent change Description

7 ≥75% Improvement Very good
6 ≥50% Improvement Good
5 ≥25% Improvement Fairly good
4 0 Same as before
3 ≥25% Worse Fairly bad
2 ≥ 50% Worse Bad
1 ≥75% Worse Very bad
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educated on the usage of the PCA pump. Patients were 
discharged following 24 h of in-hospital observation 
after the completion of the study phases. During the 
fi rst week at home, patients were followed up with 
phone calls by one of the authors. Assessments were 
also done at the time of discharge and at the end of the 
fi rst week at home. Regular weekly follow-up visits 
were done at the hospital after 7 days. Also, popliteal 
catheter dressing and fi lter change were done at this 
time, and the PCA pump set was replaced and drugs for 
the next week were prepared again.

Assessments during the long-term phase
The worst and best pain scores, daily activity, PCA 
bolus demand and consumption, drug- and catheter- 
and equipment-related problems (catheter site 
infection, occlusion, dislodgement outside the sheath, 
withdrawal outside the body, kinking, leakage, and fi lter 
related problems) were recorded. Furthermore, the 
patient’s satisfaction with the comfort and convenience 
aspects of this treatment was assessed on a fi ve-point 
scale (5, very satisfi ed; 4, satisfi ed; 3, neutral; 2, not 
satisfi ed; 1, very unsatisfi ed) and sleep quality was also 
evaluated. The NRS was also used to assess how pain 
interfered with sleep (0, “pain does not interfere with 
sleep” to 10, “pain completely interferes with sleep”).

In addition, after a patient terminated the treatment 
the following parameters were evaluated regarding the 
use of the popliteal catheter in the home setting: dura-
tion of the treatment, catheter duration, catheter 
number per patient, complications related to the drugs 
(including physical and psychological addiction) and the 
catheter, and reasons for terminating popliteal pain 
treatment.

Statistical analysis

SPSS version 15.0 (SPSS, Chicago, IL, USA) was used 
for the analyses of data. Unless otherwise stated, data 
values are expressed as means ± SD. For the compari-
son of continuous variables of paired samples, Student’s 
t-test for paired samples or the Wilcoxon sign test were 
used, where appropriate; and for the comparison of 
continuous variables of independent samples, an inde-

pendent sample t-test or the Mann-Whitney U-test was 
used. For the comparison of categorical data, the χ2 test 
(independent samples) or McNemar test (paired 
samples) was used. A P value smaller than 0.05 was 
considered signifi cant.

Results

A total of 50 patients were recruited. Four patients 
dropped out of the study at the end of the fi rst period 
because of inaccurate catheter placement. Forty-six 
patients were included in the study. Patients preferring 
bupivacaine or bupivacaine plus morphine for long-
term treatment were similar in terms of age, weight, sex, 
and vascular disease distribution. Patient characteristics 
are shown in Table 2.

Second-phase outcomes (trial phase results)

Pain control
Both treatments provided signifi cant pain control com-
pared to baseline at all time points, both at rest and 
during activity. However, bupivacaine plus morphine 
provided superior pain control over bupivacaine alone 
at 8 h and 12 h (Table 3). Treatments were similar in 
terms of pain control at 60 min. Duration of analgesia 
was longer with the combination treatment (12 ± 2 vs 9 
± 1 h; P < 0.001). More patients in the bupivacaine 
group used rescue analgesics compared to those in the 
bupivacaine plus morphine group (65% vs 13%; P < 
0.001; Table 4).

Hemodynamic and respiratory parameters
The combination treatment resulted in a signifi cant 
decrease in heart rate and mean arterial pressure at 8 
and 12 h, compared to baseline and bupivacaine alone. 
The treatments did not have any effect on SpO2

.

Side effects
The incidence of side effects was higher with the com-
bination treatment compared to bupivacaine alone 
(30% vs 0%; P < 0.001; Table 4). Somnolence and 
nausea were the side effects seen in patients receiving 
the combination treatment.

Table 2. Patient characteristics

Overall (n = 46)
Patients preferring 

bupivacaine alone (n = 32)
Patients preferring 

combination (n = 14)

Age (years) 50 ± 14 51 ± 14 48 ± 14
Sex (male; %) 67 59 86
Weight (kg) 71 ± 10 71 ± 11 72 ± 8
Type of vascular disease

Atherosclerotic peripheral vascular disease: n (%) 21 (46) 17 (53)  4 (29)
Buerger’s disease: n (%) 25 (54) 15 (47) 10 (71)



K. Keskinbora and I. Aydınlı: Perineural morphine in ischemic lower limb pain 15

Treatment preference
Signifi cantly fewer patients preferred the combination 
treatment for long-term use (30% vs 70%; P = 0.008; 
Table 4).

Third-phase outcomes (long-term results)

The groups did not differ in terms of the following 
factors at either 24 h or 7 days: NRS scores at rest or 
during activity, PCA bolus demand and drug consump-
tion, daily activity, and sleep quality. The side effects 
related to drugs, catheter, and equipment also did not 
differ between groups.

Follow-up results after 7 days
The groups did not differ in terms of the following factors: 
best and worse NRS scores, sleep quality, daily activity, 
and patient satisfaction. Three patients from the bupiva-
caine group and two patients from the bupivacaine plus 
morphine group received more than ten PCA bolus 
doses due to newly developed foot infection.

When popliteal treatment was evaluated retrospec-
tively, it lasted for a range of 30 to 368 days (mean, 177.3 
days). Mean duration of catheter use was 142 days and 
the number of catheters per patient was 1.24. A total of 
57 catheters were used in the 46 patients. Eleven patients 
required a second catheter (24 %). The incidence of 
catheter-related complications was as follows: infection 
in 4 patients (9%; 3, insertion-site infection; 1, deep 
infection-myositis), occlusion in 7 patients (15%), acci-
dental withdrawal in 2 patients (4%), leakage in 2 
patients (4%), and kinking in 1 patient (2%). The only 
equipment-related side effect was occlusion due to air 
in the set (n = 4; 9%).

Drug-related side effects in the long term were: 
nausea in four patients (9%), constipation in one patient 
(2%), and sedation in one patient (2%). All these side 
effects were seen in patients receiving combination 
treatment. None of the patients experienced physical or 
psychological dependence.

Popliteal pain treatment was terminated for the fol-
lowing reasons: (1) 2 patients died (4%) but neither of 
the deaths could be attributed to the popliteal pain 
treatment; (2) treatment was no longer needed (n = 42; 
91%) because of the resolution of pain. The resolution 
of pain was attributed to amputation in 13 (28%) 
patients and spontaneous remission of pain in 29 (63%) 
patients. (3) Lack of cooperation was seen in 2 patients, 
due to psychiatric disturbances.

Discussion

Our study result showed that morphine plus a local 
anesthetic provided superior pain control over that of a 
local anesthetic alone, both given peripherally in 
patients with chronic ischemic lower extremity pain. 
However, fewer patients preferred to select the combi-
nation treatment for long-term use. Additionally, both 
treatments chosen by patients were effective, safe, and 
compatible with daily life in the long-term period.

Opioids have long been known to act exclusively 
within the central nervous system. However, an increas-
ing number of studies has recently reported the exis-
tence of opioid receptors outside the central nervous 
system, therefore suggesting that opioids may also be 
able to produce analgesic effects in the periphery [3]. 
Such effects are particularly prominent under painful 

Table 3. NRS scores at rest and during activity in the second phase

Baseline 60 min 8 h 12 h

Resting NRS scores
 Bupivacaine alone 9 ± 1 1 ± 0.2* 3 ± 1.1* 3 ± 0.6*
 Combination 9 ± 0.6 1 ± 0.3* 2 ± 0.7*;** 2 ± 0.8*;**
NRS scores during activity
 Bupivacaine alone 9 ± 0.7 2 ± 0.1* 4 ± 1.2* 3 ± 0.6*
 Combination 9 ± 0.7 2 ± 0.2* 2 ± 0.5*;** 3 ± 0.6*;**

* P < 0.0001 versus baseline; ** P < 0.0001 versus bupivacaine alone
NRS, numerical rating scale

Table 4. Comparison of side effects, rescue analgesic need, and treatment preference during phase 2

Study treatment solution 1 
(n = 46)

Patients n = 46 (%)

Study treatment solution 2 
(n = 46)

Patients n = 46 (%) P value

Side effects (nausea)  0 30 <0.001
Rescue analgesic (IV lornoxicam 8 mg) 65 13 <0.001
Patients’ preference 70 30 0.008
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infl ammatory conditions, both in animals and in humans 
[12,13]. Immune cells containing endogenous opioid 
peptides accumulate within the infl amed tissue. Envi-
ronmental stimuli (e.g., stress), as well as releasing 
agents (e.g., corticotropin-releasing factor, cytokines) 
can liberate these opioid peptides from leukocytes 
(leukocyte-derived opioids). At the same time, the 
infl ammation of peripheral tissues leads to increased 
synthesis in the DRG and to the axonal transport of 
opioid receptors toward the peripheral sensory nerve 
endings, resulting in opioid receptor upregulation and 
enhanced G-protein coupling at peripheral sensory 
nerve terminals. On the other hand, disruption of the 
perineural barrier due to infl ammation facilitates the 
access of opioid agonists to their receptors [25]. All 
these events lead to the enhanced analgesic effi cacy of 
opioids at their peripheral receptors during infl amma-
tion [3,26].

In peripheral vascular disease (PVD), decreased 
tissue oxygen levels due to insuffi cient circulation result 
in the modifi cation of the Ca+2 signal in smooth muscles, 
leading to the production of proinfl ammatory cytokines 
[15]. Therefore, the peripheral administration of opioid 
agonists may, theoretically, inhibit the chronic pain of 
infl ammation under ischemic conditions in PVD. Locally 
administered opioids have been shown to elicit effective 
analgesic effects in various acute and chronic clinical 
pain syndromes, including burn pain [27], infl ammatory 
pain [28], osteoarthritis [7], and rheumatoid arthritis 
[29], as well as after dental [11], urinary bladder [30], 
and knee surgery [31], too. In the present study we used 
morphine as an adjunct to bupivacaine through a pop-
liteal catheter in chronic pain due to PVD, based on the 
interaction between opioids and infl ammatory condi-
tions and also based on clinical trials as mentioned 
above. Accordingly, we preferred to give morphine 
peripherally as an adjunct to bupivacaine, not systemi-
cally. Our primary aim was to compare the long-term 
effects of peripheral nerve block with bupivacaine with 
and without morphine. Thus, we did not need to have 
a study arm receiving the same dose of systemic mor-
phine. This is also a limitation of the present study. 
According to our results, the morphine and bupivacaine 
combination treatment provided superior pain control 
over treatment with bupivacaine alone at 8 h and 12 h 
(P < 0.0001) and also prolonged the duration of analge-
sia (P < 0.001), but with central side effects (nausea 30% 
vs 0%). Interestingly, relatively fewer patients preferred 
the combination treatment for long-term use (30% vs 
70%; P = 0.008). Although the addition of morphine to 
bupivacaine perineurally may offer an advantage in 
terms of quality and duration of analgesia, inability to 
avoid central side effects may be considered as a disad-
vantage in the short term. The morphine dose used in 
the present study (10 mg) may be held responsible for 

the opioid-related central side effects This central effect 
of morphine may be attributed to its analgesic effects 
too. Nevertheless, side effects were not so frequent 
during the long-term treatments in patients who pre-
ferred the combination (nausea, 9 %). This may be 
attributed to both the continuous administration of 
opioid and the development of tolerance to the side 
effects. On the other hand, considering the similar NRS 
results, daily activity scores (Likert scale >6), and patient 
satisfaction observed during the long term, together 
with more side effects in the combination group, it 
seems that the addition of opioid may not offer an 
advantage in the long term.

The use of continuous peripheral nerve block for out-
patient ambulatory surgery is a growing trend world-
wide [32] and has also been reported to have good 
results in the inpatient setting after surgery [33,34]. 
Additionally, the use of continuous infusion for pain 
control after discharge is quite new [18,35] and raises 
questions about patient acceptance and safety [36]. 
Sciatic nerve block in the popliteal fossa has been shown 
to be an effective analgesic technique of limited dura-
tion after foot and ankle surgery after the patient is 
discharged from hospital [16,18,35,37,38]. Although 
these studies included at-home administration of cath-
eter treatments, they covered relatively short postoper-
ative periods. In our study, long-term treatments were 
administered to patients with distal lower extremity 
chronic ischemic pain due to PVD, through a popliteal 
catheter, using a patient-controlled regional analgesia 
(PCRA) method with a mean treatment duration of 177 
days. During the long-term treatment at home, the 
results with the selected study solutions—selected as 
the most satisfying treatment by the patient—did not 
differ in terms of NRS scores at rest or during activity, 
patient satisfaction, sleep quality, and daily activity, as 
compared to the initial 24 h of the long-term treatment. 
This result was associated with the treatment modality, 
i.e., treatments were given as continuous infusion + 
bolus by a PCA pump method during the long term, 
including the fi rst 24 h. In other studies, PCRA was 
shown to be effective and safe in the home setting after 
surgery [35]. Similarly, the present study also found that 
PCRA was effective, safe, and comfortable for months 
in patients with chronic ischemic lower extremity pain, 
representing a quite long-term period for such a tech-
nique. Maintenance of daily activities in both groups in 
our study was particularly notable. Popliteal fossa block 
enables walking because of its preservation of ham-
string function and sensation to the posterior thigh, 
facilitating ambulation [39,40].

In the present study, external electronic programma-
ble pumps were used, rather than the elastomeric 
pumps that have been used frequently during recent 
years, as elastomeric pumps are not available with a 
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bolus dose option in our country. In addition, electronic 
pumps are refi llable and less expensive than disposable 
elastometric pumps. Electronic pumps are also found to 
be better in terms of accuracy, consistency, and reli-
ability [41,42]. We did not observe any electronic pro-
grammable pump-related problems when the pumps 
were used at home. Although electronic programmable 
pumps are larger and less easy to carry, none of our 
patients complained about this problem.

Long-term observations in our study revealed that 
problems were usually related to the catheter rather 
than the PCA device or medication. The most common 
catheter-related complication was occlusion (15% per 
catheter). In the present study, the renewal rate for 
catheters, for varying causes, was 23%. Although this 
can be considered a high rate, the mean 142 days’ dura-
tion of externalized catheter is remarkable. Nitescu et 
al. [43] used continuous infusion of opioid and bupiva-
caine via externalized intrathecal catheters in refractory 
nonmalignant pain for a long-term period. In their trial, 
the median duration of intrathecal treatment was 60 
days (range, 3–1706 days), with a cumulative total of 14 
686 days, of which 7460 days (50%) were spent at 
home.

Infection and colonization from an indwelling foreign 
body (catheter) is another potential but serious com-
plication. The relatively few reports of this complication 
suggest that the incidence is low [44]. Capdevila et al. 
[45] conducted a large prospective multicenter trial 
examining continuous peripheral nerve blocks after 
orthopedic surgery, with a focus on neurological and 
infectious adverse events. Using a nonrandomized 
design, they followed 1416 patients in the postanesthe-
sia care unit for up to 5 days; and they found that cath-
eters routinely become colonized (29%), but only 3% 
had local infl ammatory signs (focal pain, redness, and 
induration). Due to the regular wound care carried out 
in our study, we did not observe a high rate of infection 
(7% per catheter; 9% per patient), infection being the 
most unwanted complication of an external system. 
Brief hospital visits for wound care or for replenishing 
treatment solutions are a disadvantage of an external 
system.

A high rate of amputation has been reported in 
patients with PVD (20%) [46]. In our series, 28% of 
patients underwent a below-knee or metatarsal amputa-
tion for nonhealing foot wounds. Data on the contribu-
tion of popliteal local anesthesia to the spontaneous 
remission of pain due to the reduction of ischemia, and 
data on its contribution to the rate of postamputation 
pain are lacking in our study; and this issue should be 
further studied.

On of the concerns regarding the use of opioids in 
chronic pain is the possibility of addiction and tolerance 
[47]. Our patients receiving long-term combination 

treatment did not develop psychological addiction; 
interestingly, no tolerance or physical addiction (a phar-
macological effect of opioids) was seen. The additional 
opioid requirement of two patients in the combination 
group using PCA bolus may be attributed to an increase 
in pain due to infection.

In conclusion, in PVD, a peripherally administered 
bupivacaine and morphine combination provided better 
and longer analgesia compared to bupivacaine alone. 
However, the addition of morphine did not result in any 
benefi t during the long term. On the other hand, our 
results have demonstrated that continuous popliteal 
treatment is an effective, safe, and comfortable modal-
ity for long-term use in the home setting for patients 
with intractable chronic ischemic extremity pain, and 
this treatment may be considered as a potentially con-
venient modality for such patients.

References

 1. Fields HL, Emson PC, Leigh BK, Gilbert RF, Iversen LL. 
Multiple opiate receptor sites on primary afferent fi bres. Nature. 
1980;284:351–3.

 2. Stein C. Peripheral mechanisms of opioid analgesia. Anesth 
Analg. 1993;76:182–91.

 3. Machelka H. Targeting of opioid-producing leukocytes for pain 
control. Neuropeptides. 2007;41:355–63.

 4. Boogaerts J, Lafont N. Mechanism of action and clinical use of 
opioids administered by the peripheral perineural route. Cah 
Anesthesiol. 1991;39:91–5.

 5. Stein C, Millan MJ, Shippenberg TS, Peter K, Herz A. Peripheral 
opioid receptors mediating antinociception in infl ammation. 
Evidence for involvement of mu, delta and kappa receptors. 
J Pharmacol Exp Ther. 1989;248:1269–75.

 6. Bazin JE, Massoni C, Bruelle P, Fenies V, Groslier D, Schoeffl er 
P. The addition of opioids to local anaesthetics in brachial plexus 
block: the comparative effects of morphine, buprenorphine and 
sufentanil. Anaesthesia. 1997;52:858–62.

 7. Likar R, Schäfer M, Paulak F, Sittl R, Pipam W, Schalk H, 
Geissler D, Bernatzky G. Intraarticular morphine analgesia in 
chronic pain patients with osteoarthritis. Anesth Analg. 1997;84:
1313–7.

 8. Candido KD, Franco CD, Khan MA, Winnie AP, Raja DS. 
Buprenorphine added to the local anesthetic for brachial plexus 
block to provide postoperative analgesia in outpatients. Reg 
Anesth Pain Med. 2001;26:352–6.

 9. Kaczmarzyk T, Stypulkowska J. Assessment of the effectiveness 
of peripheral administration of morphine with local articaine 
anaesthesia for surgery in infl amed oral and maxillofacial tissues. 
Pain. 2005;115:348–54.

10. Zhou L, Zhang Q, Stein C, Schäfer M. Contribution of opioid 
receptors on primary afferent versus sympathetic neurons to 
peripheral opioid analgesia. J Pharmacol Exp Ther. 1998;286:
1000–6.

11. Likar R, Koppert W, Blatnig H, Chiari F, Sittl R, Stein C, Schäfer 
M. Effi cacy of peripheral morphine analgesia in infl amed, non-
infl amed and perineural tissue of dental surgery patients. J Pain 
Symptom Manage. 2001;21:330–7.

12. Stein C. Opioid receptors on peripheral sensory neurons. Adv 
Exp Med Biol. 2003;521:69–76.

13. Mousa SA, Straub RH, Schäfer M, Stein C. Beta-endorphin, 
Met-enkephalin and corresponding opioid receptors within 



18 K. Keskinbora and I. Aydınlı: Perineural morphine in ischemic lower limb pain

synovium of patients with joint trauma, osteoarthritis and rheu-
matoid arthritis. Ann Rheum Dis. 2007;66:871–9.

14. Kabli N, Cahill CM. Anti-allodynic effects of peripheral opioid 
receptors in neuropathic pain. Pain. 2007;127:84–93.

15. Sayeed MM. Signaling mechanisms of altered cellular responses 
in trauma, burn, and sepsis: role of Ca2+. Arch Surg. 2000;135:
1432–42.

16. Singelyn FJ, Gouverneur JM, Gribomont BF. Popliteal sciatic 
nerve block aided by a nerve stimulator: a reliable technique for 
foot and ankle surgery. Reg Anesth Pain Med. 1991;16:278–
81.

17. Ilfeld BM, Morey TE, Wang RD, Enneking FK. Continuous pop-
liteal sciatic nerve block for postoperative pain control at home: 
a randomized, doubleblinded, placebo-controlled study. Anesthe-
siology. 2002;97:959–65.

18. White PF, Issioui T, Skrivanek GD, Early JS, Wakefi eld C. The 
use of a continuous popliteal sciatic nerve block after surgery 
involving the foot and ankle: does it improve the quality of recov-
ery? Anesth Analg. 2003;97:1303–9. Erratum in: Anesth Analg. 
2003;97:1557.

19. Navas AM. Stimulating catheters in continuous popliteal block. 
Anesth Analg. 2006;102:1594; author reply 1594–5.

20. Calder JD, Elliot R, Seifert C. Technical tip: lateral popliteal 
sciatic nerve block with continuous infusion for foot and ankle 
surgery. Foot Ankle Int. 2007;28:1106–7.

21. Horlocker TT, Wedel DJ, Benzon H, Brown DL, Enneking FK, 
Heit JA, Mulroy MF, Rosenquist RW, Rowlingson J, Tryba M, 
Yuan CS. Regional anesthesia in the anticoagulated patient: 
defi ning the risks (the second ASRA Consensus Conference on 
Neuraxial Anesthesia and Anticoagulation). Reg Anesth Pain 
Med. 2003;28:172–97.

22. Lorenz IH, Egger K, Schubert H, Schnürer C, Tiefenthaler W, 
Hohlrieder M, Schocke MF, Kremser C, Esterhammer R, Ische-
beck A, Moser PL, Kolbitsch C. Lornoxicam characteristically 
modulates cerebral pain-processing in human volunteers: a func-
tional magnetic resonance imaging study. Br J Anaesth. 2008;
100:827–33.

23. Fitzcharles MA, Costa DD, Pöyhiä R. A study of standard care 
in fi bromyalgia syndrome: a favorable outcome. J Rheumatol. 
2003;30:154–9.

24. Impellizzeri FM, Maffi uletti NA. Convergent evidence for con-
struct validity of a seven-point likert scale of lower limb muscle 
soreness. Clin J Sport Med. 2007;17:494–6.

25. Antonijevic I, Mousa SA, Schäfer M, Stein C. Perineurial defect 
and peripheral opioid analgesia in infl ammation. J Neurosci. 
1995;15:165–72.

26. Janson W, Stein C. Peripheral opioid analgesia. Curr Pharm Bio-
technol. 2003;4:270–4.

27. Møiniche S, Dahl JB, Kehlet H. Peripheral antinociceptive effects 
of morphine after burn injury. Acta Anaesthesiol Scand. 
1993;37:710–2.

28. Dionne RA, Lepinski AM, Gordon SM, Jaber L, Brahim JS, 
Hargreaves KM. Analgesic effects of peripherally administered 
opioids in clinical models of acute and chronic infl ammation. Clin 
Pharmacol Ther. 2001;70:66–73.

29. Stein A, Yassouridis A, Szopko C, Helmke K, Stein C. Intraar-
ticular morphine versus dexamethasone in chronic arthritis. Pain. 
1999;83:525–32.

30. Duckett JW, Cangiano T, Cubina M, Howe C, Cohen D. Intra-
vesical morphine analgesia after bladder surgery. J Urol. 1997;157:
1407–9.

31. Guay J. Peripheral nerve blocks for postoperative pain relief after 
total knee replacement: more questions than answers. Anesth 
Analg. 2005;100:1547; author reply 1547–8.

32. Boezaart AP. Perineural infusion of local anesthetics. Anesthesi-
ology. 2006;104:872–80.

33. Richman JM, Liu SS, Courpas G, Wong R, Rowlingson AJ, 
McGready J, Cohen SR, Wu CL. Does continuous peripheral 
nerve block provide superior pain ontrol to opioids? A meta-
analysis. Anesth Analg. 2006;102:248–57.

34. Ilfeld BM, Mariano ER, Williams BA, Woodard JN, Macario A. 
Hospitalization costs of total knee arthroplasty with a continuous 
femoral nerve block provided only in the hospital versus on an 
ambulatory basis: a retrospective, case-control, cost-minimization 
analysis. Reg Anesth Pain Med. 2007;32:46–54.

35. Ilfeld BM, Morey TE, Wang RD, Enneking FK. Continuous pop-
liteal sciatic nerve block for postoperative pain control at home: 
a randomized, doubleblinded, placebo-controlled study. Anesthe-
siology. 2002;97:959–65.

36. Fanelli G, Casati A, Garancini P, Torri G. Nerve stimulator and 
multiple injection technique for upper and lower limb blockade: 
failure rate, patient acceptance, and neurologic complications. 
Study Group on Regional Anesthesia. Anesth Analg. 1999;88:
847–52.

37. Zaric D, Boysen K, Christiansen J, Haastrup U, Kofoed H, Rawal 
N. Continuous popliteal sciatic nerve block for outpatient foot 
surgery—a randomized, controlled trial. Acta Anaesthesiol 
Scand. 2004;48:337–41.

38. Ilfeld BM, Thannikary LJ, Morey TE, Vander Griend RA, 
Enneking FK. Popliteal sciatic perineural local anesthetic infu-
sion: a comparison of three dosing regimens for postoperative 
analgesia. Anesthesiology. 2004;101:970–7.

39. Klein SM. Continuous peripheral nerve blocks: fewer excuses. 
Anesthesiology. 2005;103:921–3.

40. Evans H, Steele SM, Nielsen KC, Tucker MS, Klein SM. Periph-
eral nerve blocks and continuous catheter techniques. Anesthe-
siol Clin North America. 2005;23:141–62.

41. Ilfeld BM, Morey TE, Enneking FK. New portable infusion 
pumps: real advantages or just more of the same in a different 
package? Reg Anesth Pain Med. 2004;29:371–6.

42. Ilfeld BM, Enneking FK. Continuous peripheral nerve blocks at 
home: a review. Anesth Analg. 2005;100:1822–33.

43. Nitescu P, Dahm P, Appelgren L, Curelaru I. Continuous infusion 
of opioid and bupivacaine by externalized intrathecal catheters in 
long-term treatment of “refractory” nonmalignant pain. Clin J 
Pain. 1998;14:17–28.

44. Cuvillon P, Ripart J, Lalourcey L, Veyrat E, L’Hermite J, Boisson 
C, Thouabtia E, Eledjam JJ. The continuous femoral nerve block 
catheter for postoperative analgesia: Bacterial colonization, infec-
tious rate and adverse effects. Anesth Analg. 2001;93:1045–9.

45. Capdevila X, Dadure C, Bringuier S, Bernard N, Biboulet P, 
Gaertner E, Macaire P. Effect of patient-controlled perineural 
analgesia on rehabilitation and pain after ambulatory orthopedic 
surgery: a multicenter randomized trial. Anesthesiology. 2006;105:
566–73.

46. Collins TC, Beyth RJ, Nelson DB, Petersen NJ, Suarez-Almazor 
ME, Bush RL, Hirsch AT, Ashton CM. Process of care and out-
comes in patients with peripheral arterial disease. J Gen Intern 
Med. 2007;22:942–948.

47. Schug SA, Gandman N. Opioids: clinical use. In: McMahon SB, 
Koltzenberg M, editors. Wall and Melzack’s textbook of pain. 
5th ed. China; Elsevier/Churchill Livingstone: 2006. p. 443–57.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


