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Introduction 

The innervation of the operative would area may be 
easily blocked by infiltration of local anesthetic. How- 
ever, a subcutaneous and subfascial local anesthetic 
block will rarely suffice to prevent postoperative pain 
sensations completely, because pain from different sites 
and tissue layers may be transmitted via different con- 
ductive pathways. The partial pain relief provided by 
local anesthetic infiltration of the would will usually last 
no longer than the effect of the local anesthetic, i.e., for 
a few hours [1]. Although intermittent blocks of inter- 
costal nerves have been found effective in relieving pain 
after thoracotomy, thereby improving ventilatory func- 
tion, it is most impractical for both patient and physician 
to carry out multiple blocks every 4-6 h for a period of 
at least 48 h. Therefore, continuous nerve blocks, either 
as intermittent administration through catheters or as 
infusions, have become more and more popular. Due to 
the fact that usually several, and anatomically separate 
afferent nervous routes are involved in the transmission 
of painful impulses from the surgical site, the continu- 
ous blocks are preferably applied at a proximal level, 
close to or at the spinal cord level. Typical examples are 
continuous brachial plexus blocks after hand or arm 
surgery, and continuous epidural analgesia after surgery 
of the trunk or the lower part of the body. 

Bupivacaine and ropivacaine--the local anesthetics 
of choice for analgesic blocks 

Today, bupivacaine is still the local anesthetic most of- 
ten used for postoperative continuous analgesic blocks. 

In epidural analgesia, in particular, low concentrations 
of bupivacaine (0.06%-0.25%) will provide effective 
block of "pain nerve fibers" (A-delta- and C-fibers) with 
minimal effect on motor nerve fibers (large A-fibers). 
This phenomenon has been called "clinical differential 
blockade," and its usefulness is appreciated most in the 
provision of obstetric analgesia, and analgesia after 
major operations of the abdomen and the chest. The 
patient retains motor function, i.e., he/she is able to 
move about while relieved of pain. 

The newest amide-type local anesthetic, ropivacaine 
(the S(-)-enantiomer of 1-propyl-2',6'-pipecoloxyli- 
dide, seems to have even better differential pain fiber/ 
motor fiber block properties than bupivacaine [2,3], and 
it may therefore succeed bupivacaine as the agent of 
choice for, e.g., epidural analgesia, quite soon. How- 
ever, in clinical practice it may be difficult to distin- 
guish between differential nerve blocking properties 
of ropivacaine and bupivacaine because, to achieve ad- 
equate analgesia, ropivacaine has to be administered at 
a slightly higher concentration than that of bupiva- 
caine. Furthemore, the modern practice of combining 
low concentrations of local anesthetics with low concen- 
trations of opioids seems to have eliminated a clinically 
distinguishable separation of the various nerve block 
components, and the analgesic efficacy may be more 
attributable to the opioid in the epidural drug mixture. 

Central blocks 

Epidural analgesia 

The advantage of using epidural analgesia for the con- 
trol of postoperative pain are obvious both from a prac- 
tical and a clinical point of view. It is practical to be able 
to continue with the analgesic treatment via the epidu- 
ral route in cases where epidural anesthesia, or epidural 
analgesia combined with general anesthesia, has been 
used for surgery. The need for intramuscular or intrave- 
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nous opioids, and the risk of opioid-related side effects, 
will decrease when a local anesthetic is included in the 
epidural analgesia regimen. Some studies have shown a 
clear improvement in the quality of postoperative anal- 
gesia if the patients have had an adequate epidurat an- 
esthesia for surgery [4,5]. If, on the other hand, the 
analgesic dosage of bupivacaine and morphine cannot 
be regarded as sufficient for surgical anesthesia, there 
does not seem to be a difference in the quality of post- 
operative analgesia whether the epidural therapy is 
started before or after surgery [6]. 

Although the greatest benefit of epidural anesthesia 
in comparison with general anesthesia is associated with 
an attenuation of a generalized stress response to sur- 
gery [7,8], some other factors, partly related to the stress 
response, can be modified in the postoperative period as 
well. For instance, an adequate circulation [9] and 
bowel motility [10,11] may be maintained by the con- 
tinuation of the administration of epidural local anes- 
thetics in the postoperative period. Epidural infusion of 
morphine alone does not augment bowel function post- 
operatively [10,12], and epidural buprenorphine may 
delay bowel function after surgery [13]. 

Epidural administration of local anesthetic in the 
postoperative period may be difficult to balance regard- 
ing the blockade of different nerve fiber categories (dif- 
ferential block). An epidural block, even with very low 
local anesthetic concentration and dosage, also always 
involves a significant autonomic nerve block (B-fibers). 
Therefore, cardiovascular instability may occur during 
the period of thoracic epidural analgesia, and micturi- 
tion problems are often seen during both lumbar and 
thoracic continuous epidural analgesic blocks [14]. Mo- 
tor block cannot be totally avoided even with dilute 
ropivacaine infusions [15], and this may delay the mobi- 
lization of the patient. 

The discovery of spinal opioid receptors and the first 
clinical trials of pain therapy with epidural or subarach- 
noid morphine [16,17] marked the start of a new era in 
the clinical use of epidural analgesia for the control of 
postoperative pain. Probably all clinically available 
opioids have been tried for epidural analgesia. How- 
ever, morphine is still one of the most commonly used 
opioids for spinal regional analgesia in postoperative 
patients [18,19]. Its usefulness is particulary evident in 
long-term therapy, e.g., in cancer pain, due to the fact 
that morphine-6-glucuronide, a major metabolite of 
morphine, has a great affinity to opioid ~t-receptors [20], 
and is analgesically quite potent [21]. 

A large portion of an epidurally administered opioid 
dose is rapidly absorbed into the blood and, therefore, 
part of the analgesic effect can be ascribed a systemic 
opioid action. This seems to be the case, at least with the 
more lipid soluble opioids fentanyl [22], alfentanil [23], 
and sufentanil [24]. In the case of fentanyl, it has been 

demonstrated that epidural and intravenous administra- 
tion are equally effective when the epidural catheter is 
at the lumbar level [22]. On the other hand, fentanyl 
administered into the thoracic epidural space seems to 
be more effective than intravenous administration in 
the control of postthoracotomy pain [25]. The discrep- 
ancy between these two studies may be explained by 
anatomical differences between the lumbar and the tho- 
racic epidural space, e.g., in dimensions, fat contents, 
and vascularity, which may influence the systemic up- 
take of the drug. 

Spinal (epidural or subarachnoid) opioids have a syn- 
ergistic antinociceptive effect with spinal local anes- 
thetics [19,26]. An interesting exception has been 
demonstrated in the case of 2-chloroprocaine, which has 
an antagonistic effect on epidural opioid analgesia [27]. 
Various mixtures of dilute local anesthetic solutions and 
low doses (concentrations) of opioids have been shown 
to relieve labor pain better than the opioid alone, e.g., 
lidocaine and butorphanol [28], bupivacaine and 
fentanyl [29], bupivacaine and meperidine [30], and 
bupivacaine and sufentanil [31]. The latter combination 
has also been shown to be superior to sufentanil alone 
in the control of postthoracotomy pain [32]. In patients 
having undergone major abdominal surgery, the combi- 
nation of bupivacaine and morphine epidurally was 
superior to morphine alone, also when analgesia was 
assessed during exercise and coughing [33]. 

Spinal alpha2-adrenergic agonism by clonidine exerts 
quite modest postoperative analgesia [34], but it pro- 
longs significantly the analgesic action of subarachnoid 
bupivacaine [35] and epidural bupivacaine [36]. The 
addition of clonidine, or other alpha2-adrenergic ago- 
nists, to an epidural analgesic drug mixture may not be 
advisable because of the risk of hypotension and brady- 
cardia [34,37,38]. 

Subarachnoid analgesia 

Intrathecal (subarachnoid) morphine produces intense 
and prolonged analgesia by stimulating opioid receptors 
in the substantia gelatinosa of the posterior horn of the 
spinal cord. The single-dose injection of morphine 
is simple, reliable, and produces predictable 
pharmacologic effects [39]. In adults, doses as low as 
0.2-0.4mg seem to provide adequate analgesia after 
major hip or knee surgery [40,41]. Larger single doses of 
intrathecal morphine have been used in coronary artery 
graft patients under close monitoring and supervision. 
Even after a preoperative dose of 4mg, the time to 
extubation of the trachea in the postoperative intensive 
care unit was not delayed [42]. In myasthenia gravis 
patients who underwent thymectomy, a preoperative 
intrathecal morphine dose of 10 btg/kg did not cause any 
respiratory depression postoperatively [43[. 
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Despite the use of small doses of opioids for intra- 
thecal analgesia, there is still a potential for the drug to 
migrate within the cerebrospinal fluid to the brainstem 
level. In a Swedish survey [44], it was estimated that 
delayed respiratory depression had occurred in 1 in 300 
patients following subarachnoid morphine administra- 
tion. Therefore, it has been emphasized repeatedly that 
the lowest effective opioid dose should be chosen for 
subarachnoid analgesia; 0.1-0.3 mg may suffice for post- 
operative analgesia in adults after surgery of the lower 
part of the body. 

In the treatment of acute, e.g., postoperative, pain 
and also of longer-lasting pain, repeated subarachnoid 
injections would not be practical. The development of 
thin spinal catheters for use in continuous spinal anes- 
thesia and analgesia at the beginning of the 1990s 
[45,46] initiated a great interest in this technique all over 
the world. However, quite soon after a promising start, 
the thin catheters attained a negative reputation, first 
because of catheter breakage [45], and then because of 
the occurrence of several cases of cauda equina syn- 
drome when hyperbaric local anesthetic solutions had 
been injected [47,48]. In the United States, therefore, 
the Food and Drug Administration forbid the use of 
spinal catheters of the diameter of 27-gauge or thinner 
(FDA Safety Alert, May 29, 1992). It is quite obvious 
that it is not the catheter, but the strong local anesthetic 
in a hyperbaric solution, which is the true cause of 
intrathecal neurotoxicity. However, it is also apparent 
that occasionally the catheter aids in maldistributing the 
local anesthetic solution to the most caudal part of the 
subara~hnoid space [47,49]. Continuous spinal catheters 
are still in use; in Europe the thinnest commercial cath- 
eter is of the size 28-gauge, and in the United States, 22- 
gauge and 24-gauge catheters are in use, mainly in 
elderly patients. 

In addition to preservative-free morphine, fentanyl 
may be another commonly used intrathecal opioid. 
Single subarachnoid doses of fentanyl in the range of 
0.25 to 0.75~,g/kg have been found to produce good 
but short-lasting analgesia after cesarean section [50]. 
Opioid-related side effects, such as pruritus, nausea, 
and micturition difficulties, seem to become greater 
with higher doses. A continuous intrathecal infusion of 
fentanyl 5 b~g.h -* has been found inadequate for analge- 
sia after hip or knee arthroplasties [51]. 

Meperidine has been shown to produce analgesia 
sufficient for surgery [52], but its safety for the neural 
tissue has still to be documented. In animal experi- 
ments, intrathecal administration of butorphanol and 
sufentanil appear to be neurotoxic [53]. 

Continuous intrathecal infusion of low doses of local 
anesthetics for the control of postoperative pain has 
also been tried [54,55]. Adequate analgesia after hip 
or knee arthroplasties can be achieved with the con- 

tinuous infusion of bupivacaine 2mg.h 1 [54]. However, 
arterial hypotension and reinstitution of the spinal 
block have been disturbing side effects. By combining 
bupivacaine l mg.h -~ with morphine 8~tg.h ~ in the 
intrathecal infusion, analgesia was as good as that with 
bupivacaine 2mg.h 1 [56]. After hip or knee operations 
performed under spinal anesthesia, postoperative nau- 
sea and vomiting are still disturbingly frequent, both 
when bupivacaine alone or bupivacaine with morphine 
is administered. 

Alphaz-adrenergic agonists act synergistically with 
both local anesthetics [35] and opioids [57] in the dorsal 
horn of the spinal cord. Clinically, a significant pro- 
longation of bupivacaine spinal anesthesia has been 
observed when 150~tg [35] or 3~g.kg 1 clonidine [58] 
has been added to the local anesthetic solution. 
Another, also rather nonspecific alpha2-adrenergic 
agonist, dexmedetomidine, has been shown to produce 
effective spinal antinociception in rats [59]. Its use in 
humans may not be justified, because more targeted 
and subtype-selective alphaz-adrenergic agonists are 
already under development. 

Peripheral nerve blocks 

Brachial plexus blocks 

Continuous brachial plexus block, with its various modi- 
fications, has become a popular postoperative pain 
control technique. Thin plexus catheters, specially de- 
signed, or epidural catheters, may be inserted after 
the identification of the nerve trunks or nerves by a 
nerve stimulator or, alternatively, by searching for 
paresthesia. To prevent displacement of the catheter tip 
form the vicinity of the plexus in the perivascular space, 
firm fixation of the catheter is mandatory (suture pre- 
ferred) [59,60]. For practical reasons, i.e., patients are 
mobile and some are discharged the following day after 
surgery, catheters are usually not kept for longer than 
48h. 

Bupivacaine 0.125%-0.25% (occasionally 0.5%) is 
used for continuous infusions, and in adults the dosage 
of 0.25mg.kg ~.h 1 has provided good postoperative 
analgesia without any signs of bupivacaine toxicity [60]. 
From the beginning of 1996, ropivacaine 0.2%-0.375% 
has become more and more popular, and the infusion 
rates in adult patients have varied from 5 to 10ml.h-k 
Until now there have been no studies on the pharmaco- 
kinetics of continuous brachial plexus blocks with 
ropivacaine. 

The more proximal brachial plexus block techniques, 
the supraclavicular ones, invariably also cause a block 
of the ipsilateral phrenic nerve, which will paralyze the 
corresponding hemidiaphragm [62,63]. During continu- 
ous infusion, even with low doses of local anesthetic the 
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diaphragmatic motility remains reduced [63,64]. It is 
obvious that bilateral supraclavicular brachial plexus 
blocks should not be performed. Careful monitoring of 
respiration and oxygenation is mandatory when pa- 
tients with chronic respiratory diseases are given such 
blocks. 

Prolongation of the postoperative analgesic period 
from a brachial plexus block has been accomplished by 
adding opioids to the local anesthetic solution [65]. On 
the other hand, fentanyl (15-27 ~g.h -~) added to a con- 
tinuous interscalene brachial plexus infusion of 0.125% 
bupivacaine did not produce better postoperative anal- 
gesia after shoulder surgery than 0.125% bupivacaine 
infusion alone [64]. 

In addition to providing analgesia with continuous 
brachial plexus blocks, the concomitant block of the 
sympathetic innervation to the arm produces vasodila- 
tion, which may be beneficial in most circumstances. 

Intercostal nerve block 

Block of the intercostal nerves T5-T11 with 3ml of 
0.5% bupivacaine with epinephrine (5 ~tg.ml -~) just be- 
fore the start of subcostal cholecystectomy clearly post- 
poned the postoperative demand of analgesia, and 
decreased the amount of analgesics needed in the post- 
operative period [66]. Continuous intercostal block 
through a single catheter has been found to be effective 
in controlling pain after subcostal cholecystectomy [67]. 
This seems to be in accordance with experiments with 
cadavers, which show that ink injected into one inter- 
costal space will spread subpleurally to at least four 
adjacent intercostal spaces and to the paravertebral re- 
gion [68]. The more posterior, i.e., the closer to the 
vertebral column, the intercostal block is performed, 
the greater the diffusion of the local anesthetic to the 
sympathetic nerve trunk, as well as to the parietal nerve 
endings [66]. 

Before the closure of the thoracotomy wound, the 
surgeon can freeze the intercostal nerves with a 
cryoprobe for long-lasting postoperative analgesia [69]. 
This technique has not become very popular because 
the safety of it has not been documented, and because 
presently, the continuous thoracic epidural block for the 
control of thoracotomy pain appears to be both effica- 
cious and safe [70,71]. 

Paravertebral nerve block 

Injection of local anesthetic through a single paraver- 
tebrally inserted needle or catheter can affect the sen- 
sory innervation of at least four adjacent dermatomes 
[72]. If, after thoracotomy, the pleural drainage tube is 
brought through-the skin several dermatomes lower 
that the thoracotomy incision, two paravertebral block 

catheters would probably be needed for adequate 
postoperative analgesia. When a catheter is placed 
by the surgeon under the parietal pleura, near the 
paravertebral area, before closing the thoracotomy 
wound, partial postoperative analgesia can be achieved 
by an infusion of 0.25% bupivacaine at a rate of 4 -  
8ml.h ~ [73]. However, in that study [73], as well as in 
another study with thoracotomy patients [74], the 
paravertebral technique was not superior to a continu- 
ous thoracic epidural technique. 

Interpleural regional analgesia 

The mechanism of action of interpleural analgesia has 
been much debated, but it seems to include at least a 
blockade of sympathetic nervous structures (splanchnic 
nerves, paravertebral sympathetic trunk) within the 
thoracic region, and a block of a varying number and of 
varying degree of intercostal nerves [75]. Other nervous 
structures in this region, e.g., parietal pleural nerve end- 
ings and phrenic nerve endings, may also be affected. 
The efficacy of the technique is strongly dependent on 
the posture of the patient during the instillation of 
the local anesthetic solution into the pleural cavity 
[76]. Therefore, the best and most consistent quality 
of analgesia has been achieved after subcostal cho- 
lecystectomy and nephrectomy [77,78]. On the other 
hand, continuous infusion or intermittent administra- 
tion of local anesthetics through interpleural catheters 
after thoractotomy in adult patients is less efficacious 
[79,80]. 

The prominent sympathetic blockade involving also 
the splanchnic nerves, produced by instillation of large 
volumes (25-30ml) of 0.5% bupivacaine, has been 
found useful in the treatment of both visceral pain in the 
splanchnic region [81,82], and complex regional pain 
syndrome (reflex sympathetic dystrophy) [83]. Con- 
trolled studies comparing interpleural regional analge- 
sia (sympathetic blockade) with other sympathetic 
nerve-blocking techniques or with sympatholytic tech- 
niques in the management of certain chronic pain syn- 
dromes have not been performed. 

Intraperitoneal regional analgesia 

Instillation of large volumes (100-200ml) of 0.15% 
lidocaine or 0.1% bupivacaine intraperitoneally may 
provide satisfactory, but short-lasting analgesia after 
abdominal surgery [84]. After colonic surgery, intra- 
peritoneal bupivacaine, 2mg.kg -1, shortened the dura- 
tion of postoperative colonic motility inhibition [85], 
but this therapy did not influence postoperative analge- 
sia after upper abdominal surgery [86]. 

The intensity of shoulder pain, typical after gyneco- 
logical laparoscopy, has been found to be reduced by 
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presurgical instillation of 0.5% lidocaine or 0.125% 
bupivacaine [87]. After laparoscopic cholecystectomy, 
instillation of a small dose of bupivacaine had only a 
short-lasting, or no analgesic effect [88,89]. However, 
when the dose of bupivacaine has been larger and in- 
stilled intraperitoneally both prior to and at the end of 
laparoscopic cholecystectomy, the analgesic efficacy has 
been improved [90]. Since local anesthetics have an 
antiinflammatory effect [91] and an antimicrobial effect 
[92], and no toxic symptoms seem to occur even after 
intraperitoneal doses as high as 200rag bupivacaine 
[93], intraperitoneal analgesia with local anesthetics 
(bupivacaine) can be recommended for the control of 
pain after laparoscopic cholecystectomy. 

An interesting modification of intraperitoneal appli- 
cation of local anesthetics was presented by lwama and 
co-workers in this journal in 1994 [94]. In cases of open 
cholecystectomy, a catheter was placed into the omental 
sac through the epiploic foramen, and 10ml of 2% 
lidocaine was injected. Analgesia was found to be good 
or excellent in six of eight patients, while there was no 
analgesia in two patients. At the present this technique 
may not be considered a real alternative to other estab- 
lished analgesic techniques. 

Intraarticular regional analgesia 

Stein and co-workers [95] were the first to report a 
short-lived postoperative analgesia after arthroscopic 
knee surgery when 0.5 or l ing of morphine had been 
injected into the knee joint at the end of surgery. This 
regional analgesic technique, which has been confirmed 
by others [96-98], seems to require the presence of 
inflammation in the knee joint. 

In patients receiving an intraarticular injection con- 
sisting of bupivacaine and morphine, the analgesic ef- 
fect was found to last longer than after morphine alone 
[97]. This might indicate a synergistic action of local 
anesthetics and opioids also in intraarticular analgesia, 
since bupivacaine alone provides only a very short- 
lasting (few hours) analgesia [99]. Others have been 
unable to show any postoperative analgesia after 
intraarticular bupivacaine [100]. 

The reasons for a prolonged duration of action of 
intraarticularly applied morphine are not completely 
clear. Possible explanations include low blood flow to, 
and therefore low clearance from, the knee joint, low 
lipid solubility of morphine, and slow absorption of 
morphine into the circulation. In addition, the anti- 
inflammatory action of the opioid [101] may preempt 
or delay the establishment of central sensitization, and 
result in prolonged analgesia [102]. 

In contrast to opioids, nonsteroidal antiinflammatory 
drugs (NSAIDs) have principal effects peripherally, 
and local application to the site of injury should pro- 

duce analgesia while minimizing systemic side effects. 
Intraarticular ketorolac has been shown to have an an- 
algesic effect equivalent to that of intraarticular lo- 
cal anesthetic and morphine [103,104]. Intraarticular 
tenoxicam at the end of knee arthroscopy reduced 
the need for supplemental analgesics postoperatively 
[105,106], but the patients' perception of pain was not 
different from those patients who had received intra- 
articular bupivacaine or saline [106]. 

Local infiltration of the wound 

Although the infiltration of the wound with local anes- 
thetic is a simple matter and can provide some postop- 
erative analgesia at least as long as the local anesthetic 
acts, this technique is surprisingly little used. The infil- 
tration of the surgical wound with bupivacaine by the 
surgeon may provide postoperative pain relief for sev- 
eral hours, and it can delay the time to the demand of 
intramuscular opioids [107,108]. In patients who have 
undergone abdominal surgery, visceral pain cannot be 
relieved by this superficial block technique. In spite of 
this, preincisional infiltration with bupivacaine before 
hysterectomy has been found clearly to reduce the need 
for postoperative opioid medication [109]. These par- 
ticular patients were premedicated with an NSAID and 
an opioid was given during general anesthesia which, 
probably, aided in the provision of beneficial postopera- 
tive analgesia. Preincisional infiltration of the inguinal 
herniotomy wound area with lidocaine has been 
claimed to be more effective in reducing postoperative 
analgesic requirement than postsurgical infiltration of 
the wound with a similar amount of lidocaine [110]. 
Another study, however, showed that there was no dif- 
ference in postoperative analgesia during the first 24 h, 
whether the herniotomy wound area had been infil- 
trated with local anesthetic before incision or at the end 
of surgery [111]. The perioperative use of intravenous 
opioids, as part of the general anesthesia regimen, may 
have been a confounding factor. It is also possible that 
the relatively mild pain associated with herniotomy 
makes it difficult to demonstrate clear statistically sig- 
nificant differences in pain scores and postoperative 
analgesic requirement. 

Wound perfusion through thin plastic catheters with 
local anesthetic has been found effective in reducing 
postoperative pain after laparotomy [112]. Interest- 
ingly, wound perfusion with saline also had some anal- 
gesic effect, suggesting that "washing" of the wound or 
diluting the concentration of inflammatory and nocicep- 
rive chemical substances may be the explanation. 
Wound healing does not seem to be impaired by low 
concentrations of local anesthetics, and the antimicro- 
bial effect of local anesthetics [92] may provide some 
protection against infection. 
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O ~ e r b ~ c ~  

Almost any peripheral nerve block may be used to pro- 
vide pain relief in the postoperative period. Usually, 
such single nerve conduction blocks are not true alter- 
natives to the established pain-relieving techniques. 
They are effective supplements when regional pain in- 
tensity increases temporarily and, e.g., when an addi- 
tional dose of intravenous or intramuscular opioid 
imposes a risk of respiratory depression. 

Although the lumbar plexus block ("3-in-1" block) 
has been shown to produce good postoperative analge- 
sia after major knee surgery [113], postoperative pain is 
usually better, and technically more easily, controlled 
by epidural or intrathecal analgesia techniques. How- 
ever, the continuous lumbar plexus block technique can 
be utilized favorably to relieve pain before surgery in 
patients with femoral neck fracture. 

References  

1. Dahl JB, Kehlet H (1993) The value of pre-emptive analgesia in 
the treatment of postoperative pain. Br J Anaesth 70:434-439 

2. Rosenberg PH, Heinonen E (1983) Differential sensitivity of A 
and C nerve fibres to long-acting amide local anaesthetics. Br J 
Anaesth 55:163-167 

3. Brockway MS, Bannister J, McClure JH, McKeown D, 
Wildsmith JAW (1991) Comparison of extradural ropivacaine 
and bupivacaine. Br J Anaesth 66:31-37 

4. Asantila R, Eklund P, Latvala H, Rosenberg PH (1995) Epidural 
analgesia with 4 mg of morphine after cesarean section: modulat- 
ing effect of epidural block compared to general anaesthesia. Int 
J Obstet Anesth 4:8942 

5. Yoruzo T, Morisaki H, Kondoh M, Toyoda Y, Miyazawa N, 
Shigematsu T (1996) Epidural anesthesia during upper abdomi- 
nal surgery provides better postoperative analgesia. J Anesthe- 
sia 10:10-15 

6. Dahl JB, Hansen BL, Hjortsr NC, Erichsen CJ, Mr S, 
Kehlet H (1992) Influence of timing on the effect of continuous 
extradural analgesia with bupivacaine and morphine after major 
abdominal surgery. Br J Anaesth 69:4-8 

7. Engqvist A, Brandt MR, Fernandes A, Kehlet H (1977) The 
blocking effect of epidural analgesia on the adrenocortical and 
hyperglycemic response to surgery. Acta Anaesthesiol Scand 
21:330-335 

8. Kehlet H (1988) Modification of responses to surgery and anes- 
thesia by neural blockade: clinical implications. In: Cousins M J, 
Bridenbaugh PO (eds) Neural blockade in clinical anesthesia 
and management of pain, 2nd edn. JB Lippincott, Philadelphia, 
pp 145-188 

9. Modig J, Malmberg P, Karlstr6m G (1980) Effect of epidural 
versus general anaesthesia on calf blood flow. Acta Anaesthesiol 
Scand 24:305-309 

10. Scheinin B, Asantila R, Orko R (1987) The effect of bupivacaine 
and morphine on pain and bowel function after colonic surgery. 
Acta Anaesthesiol Scand 31:161-164 

11. Thor6n T, Wattwil M (1987) Effects of gastric emptying of tho- 
racic epidural analgesia with morphine or bupivacaine. Anesth 
Analg 67:687-694 

12. Asantila R, Eklund P, Rosenberg PH (1991) Continuous epidu- 
ral infusion of bupivacaine and morphine for postoperative anal- 
gesia after hysterectomy. Acta Anaesthesiol Scand 35:513- 
517 

13. Toyoda Y, Morisaki H, Yorozu T, Shigematsu T (1995) Effects 
of epidural buprenorphine on bowel movement following gyne- 
cological surgery. J Anesthesia 9:203-204 

14. Armitage EN (1987) Lumbar and thoracic epidural anaesthesia. 
In: Wildsmith JAW, Armitage EN (eds) Principles and practice 
of regional anaesthesia. Churchill Livingstone, Edinburgh, pp 
81-102 

15. Etches RC, Writer WD, Ansley D, Nydahl P-A, Ong BY, Lui A, 
Badner N, Kawolski S, Muir H, Shukla R, Beattie WS (1997) 
Continuous epidural ropivacaine 0.2% for analgesia after lower 
abdominal surgery. Anesth Analg 84:784-790 

16. Behar M, Magora F, Olshwang D, Davidon JT (1979) Epidural 
morphine in the treatment of pain. Lancet 1:527-529 

17. Wang JK, Nauss AL, Thomas JE (1979) Pain relief by 
intrathecally applied morphine in man. Anesthesiology 50:149- 
151 

18. Ready LB, Loper KA, Nessley BS, Wild L (1991) Postoperative 
epidural morphine is safe on surgical wards. Anesthesiology 
75:452-456 

19. Breivik H (1992) Epidural opioids: current use. Curr Opin 
Anaesthesiol 5:661-665 

20. Pasternak GW (1994) Basic pharmacology of opioids. In: 
Bowdle TA, Horita A, Kharasch ED (eds) The pharmacologic 
basis of anesthesiology. Churchill Livingstone, New York, pp 
19-36 

21. Shimomura K, Kamata O, Ueki S, Ida S, Oguri K, Yoshimura H, 
Tsukamoto H (1971) Analgesic effects of morphine glucu- 
ronides. Tohoku J Exp Med 105:45-52 

22. Sandler AN, Stringer D, Panos L, Badner N, Friedlander M, 
Koren G, Katz J, Klein J (1992) A randomized, double-blind 
comparison of lumbar epidural and intravenous fentanyl infu- 
sion for postthoracotomy pain relief. Anesthesiology 77:626-634 

23. Camu F, Debycquoy F (1991) Alfentanil infusion for postopera- 
tive pain: comparison of epidural and intravenous routes. Anes- 
thesiology 75:171-178 

24. Cohen SE, Tan S, White PE (1988) Analgesia following cesarean 
section: epidural versus intravenous administration. Anesthesi- 
ology 68:129-134 

25. Salom~iki TE, Laitinen JO, Nuutinen LS (1991) A randomized, 
double-blind comparison of epidural versus intravenous fentanyl 
infusion for analgesia after thoracotomy. Anesthesiology 
75:790-795 

26. Maves TJ, Gebhart GF (1992) Antinociceptive synergy between 
intrathecal mosphine and lidocaine during visceral and somatic 
nociception in the rat. Anesthesiology 76:91-99 

27. Camann WR, Hartigan PM, Gilbertson LI, Johnston MD, Datta 
S (1990) Chloroprocaine antagonism of epidural opioid analge- 
sia: a receptor-specific phenomenon? Anesthesiology 73:860- 
863 

28. Abboud TK, Zhu J, Afrasiabi A, Reyes A, Sherman G, Kahn R, 
Vera Cruz R, Steffens Z (1991) Epidural butorphanol augments 
lidocaine sensory anesthesia during labor. Reg Anesth 16:265- 
267 

29. Elliott RD (1991) Continuous infusion of epidural analgesia for 
obstetrics: bupivaeaine versus bupivacaine-fentanyl mixture. 
Can J Anaesth 38:303-310 

30. Brownridge P, Plummer J, Mitchell J, Marshall P (1992) Evalu- 
ation of epidural bupivacaine with and without meperidine in 
labor. Reg Anesth 17:15-21 

31. Vertommen JD, Vandermeulen E, Van Aken H, Vaes L, 
Soetens M, Van Steenberge A, Mourisse P, Willaert J, Noorduin 
H, Devlieger H, Van Assche F (1991) The effects of the addition 
of sufentanil to 0.125% bupivacaine on the quality of analgesia 
during labor and on the incidence of instrumental deliveries. 
Anesthesiology 74:809-814 

32. Hansddttir V, Bake B, Nordberg G (1996) The analgesic efficacy 
and adverse effects of continuous epidural sufentanil and 
bupivacaine infusion after thoracotomy. Anesth Analg 83:394- 
4O0 



298 P.H. Rosenberg:  Nerve blocks for pos topera t ive  pain 

33. Dahl JB, Rosenberg J, Hansen BL, Hjorts~ N-C, Kehlet H 
(1992) Differential analgesic effects of low-dose epidural mor- 
phine and morphine-bupivacaine at rest and during mobilization 
after major abdominal surgery. Anesth Analg 74:362-365 

34. Bonnet F, Boico O, Rostaing S, Saada M, Loriferne J-F, Toubol 
C, Abhay K, Ghignone M (1989) Postoperative analgesia with 
extradural clonidine. Br J Anaesth 63:465-469 

35. Racle J, Benkhadra A, Poy JY, Gleizal B (1987) Prolongation of 
isobaric bupivacaine spinal anesthesia with epinephrine and 
clonidine for hip surgery in the elderly. Anesth Analg 66:442- 
446 

36. Carabine UA, Milligan KR, Moore J (1992) Extradural 
clonidine and bupivacaine for postoperative analgesia. Br J 
Anaesth 68:132-135 

37. Maze M, Tranquilli W (1991) Alphaz-adrenoceptor agonists: 
defining the role in clinical anesthesia. Anesthesiology 74:581- 
6O5 

38. Kanto J (1997) The place of alpha2-agonists in anaesthesiology 
of today. Acta Anaesthesiol Scand 41:4-5 

39. Stoelting RK (1989) Intrathecal morphine: an undernsed combi- 
nation for postoperative pain management (editorial). Anesth 
Analg 68:707-709 

40. Kalso E (1983) Effects of intrathecal morphine, injected with 
bupivacaine, on pain after orthopaedic surgery. Br J Anaesth 
55:415-422 

41. Bengtsson M, L6fstr6m JB, Merits H (1983) Postoperative pain 
relief with intrathecal morphine after major hip surgery. Reg 
Anesth 8:138-143 

42. Chancy MA, Smith KR, Barclay JC, Slogoff S (1996) Large-dose 
intrathecal morphine for coronary artery bypass grafting. 
Anesth Analg 83:215-222 

43. Nilsson E, Perttunen K, Kalso E (1997) Intrathecal morphine for 
post-sternotomy pain in patients with myasthenia gravis. Acta 
Anaesthesiol Scand 41:549-556 

44. Rawal N, Arner S, Gustafsson LL, Allvin R (1987) Present state 
of extradural and intrathecal opioid analgesia in Sweden. Br J 
Anaesth 59:791-799 

45. Hurley RJ, Lambert DH (1990) Continuous spinal anesthesia 
with microcatheter technique: preliminary experience. Anestb 
Analg 70:97-102 

46. Kestin IG, Madden AP, M~vein JT, Goodman NW (1991) 
Comparison of incremental spinal anaesthesia using a 32-gauge 
catheter with extradural anaesthesia for elective caesarean sec- 
tion. Br J Anaesth 66:232-236 

47. Rigler ML, Drasner K, Krejcic TC, Yelich SJ, Schelnick FT, 
DeFontes J, Bohner D (1991) Cauda equina syndrome after 
continuous spinal anesthesia. Anesth Analg 72:275-281 

48. Pitkfinen M (1992) Continuous spinal anesthesia. Curr Opin 
Anaesthesiol 5:676-680 

49. Lambert DH, Hurley RJ (1991) Cauda equina syndrome and 
continuous spinal anesthesia. Anesth Analg 72:817-819 

50. Belzarena SD (1992) Clinical effects of intrathecally adminis- 
tered fentanyl in patients undergoing cesarean section. Anesth 
Analg 74:653-657 

51. Niemi L, Pitk~inen MT, Tuominen MK, Rosenberg PH (1993) 
Comparison of intrathecal fentanyl infusion with intrathecal 
morphine infusion or bolus for postoperative pain relief after hip 
arthroplasty. Anesth Analg 77:126-130 

52. Acalovschi I, Ene V, L6rinchi E (1986) Saddle block with 
pethidine for perineal operations. Br J Anaesth 58:1012-1016 

53. Rawal N, Nuutinen L, Raj PP, Lovering SL, Gobuty AH, 
Hargardine J, Lehmkuhl L, Herva R, Abouleish E (1991) 
Bevavioural and histopathologic effects following intrathecal 
administration of butorphanol, sufentanil, and nalbuphine in 
sheep. Anesthesiology 75:1025-1034 

54. Niemi L, Pitkfinen M, Laakso E, Dunkel P, Rosenberg PH 
(1996) Evaluation of the usefulness of intrathecal bupivacaine 
infusion for analgesia after hip and knee arthoplasty. Br J 
Anaesth 77:544-545 

55. Standl T, Eckert S, Schulte am Esch J (1995) Microcatheter 
continuous spinal anaesthesia in the postoperative period: a 
prospective study of its effectiveness and complications. Eur 
J Anaesth 12:273-279 

56. Rosenberg PH, Bachmann M, Laakso E, Niemi L, Pitk~nen M 
(1997) Continuous spinal analgesia with bupivacaine combined 
with morphine after hip or knee arthroplasty. Reg Anesth 
22[suppl 2S]:111 

57. Ossipov MH, Lopez Y, Bian D, Nichols ML, Porreca F (1997) 
Synergistic antinociceptive interactions of morphine and 
clonidine in rats with nerve-ligation injury. Anesthesiology 
86:196-204 

58. Niemi L (1994) Effects of intrathecal clonidine on duration of 
bupivacaine spinal anaesthesia, haemodynamics, and postopera- 
tive analgesia in patients undergoing knee arthroscopy. Acta 
Anaesthesiol Scand 38:724-728 

59. Kalso EA, P6yhi~ R, Rosenberg PH (1991) Spinal 
antinociception by dexmedetomidine, a highly selective alpha2- 
adrenergic agonist. Pharmacol Toxicol 68:140-143 

60. Tuominen M, Haasio J, Hekali R, Rosenberg PH (1989) Con- 
tinuous interscalane brachial plexus block: clinical efficacy, tech- 
nical problems and bupivacaine plasma concentrations. Acta 
Anaesthesiol Scand 33:84-88 

61. Pere P, Tuominen M, Rosenberg PH (1991) Cumulation of 
bupivacaine, desbutylbupivacaine and 4-hydroxybupivacaine 
during and after continuous interscalene brachial plexus block. 
Acta Anaesthesiol Scand 35:647-650 

62. Urmey WF, Talts KH, Sharrock NE (1991) One hundred 
percent incidence of hemidiaphragmatic paresis associated 
with interscalene brachial plexus anesthesia as diagnosed by 
ultrasonography. Anesth Analg 72:498-503 

63. Pere P, Pitk/~nen M, Rosenberg PH, Bj6rkenheim J-M, Linden 
H, Salorinne Y, Tuominen M (1992) Effect of continuous 
interscalene brachial plexus block on diaphragm motion and on 
ventilatory function. Acta Anaesthesiol Scand 36:53-57 

64. Pere P (1993) The effect of continuous interscalene brachial 
plexus block with 0.125 % bupivacaine plus fentanyl on diaphrag- 
matic motility and ventilatory function. Reg Anesth 18:93- 
97 

65. Viel E J, Eledjam JJ, De La Coussaye JE, D'Athis F (1989) 
Brachial plexus block with opioids for postoperative pain relief: 
comparison between buprenorphine and morphine. Reg Anesth 
14:274-278 

66. Nunn JF, Slavin G (1980) Posterior intercostal nerve blockade 
for pain relief after cholecystectomy, Anatomical basis and effi- 
cacy. Br J Anaesth 52:253-259 

67. Murphy DF (1983) Continuous intercostal blockade for pain 
relief following cholecystectomy. Br J Anaesth 55:521-525 

68. Murphy DF (1984) Continuous intercostal nerve blockade. An 
anatomical study to elucidate its mode of action. Br J Anaesth 
56:627 629 

69. Katz J, Nelson W, Forest R, Brice DL (1980) Cryoanalgesia for 
post-thoracotomy pain. Lancet 1:512-513 

70. Asantila R, Rosenberg PH, Scheinin B (1986) Comparison of 
different methods of postoperative analgesia for thoracotomy. 
Acta Anaesthesiol Scand 30:421-425 

71. Kavanagh BP, Katz J, Sandier AN (1994) Pain control after 
thoracic surgery. Anesthesiology 81:737-759 

72. Eason MJ, Wyatt R (1979) Paravertebral thoracic bolck--a re- 
appraisal. Anaesthesia 34:638-642 

73. Perttunen K, Nilsson E, Heinonen J, Hirvisalo E-L, Salo JA, 
Kalso E (1995) Extradural, paravertebral and intercostal 
nerve blocks for post-thoracotomy pain. Br J Anaesth 75:541- 
547 

74. Matthews PJ, Govenden V (1989) Comparison of continuous 
paravertebral and extradural infusions of bupivacaine for pain 
relief after thoracotomy. Br J Anaesth 67:204-205 

75. Kambam J, Shantha TR (1992) Interpleural analgesia in the 
management of pain. Pain Digest 2:18-27 



P.H. Rosenberg:  Nerve  blocks for postoperat ive  pain 299 

76. StrCmskag KE, Hauge O, Steen PA (1990) Distribution of local 
anaesthetics in the interpleural space studied by computerized 
tomography. Acta Anaesthesiol Scand 35:323-326 

77. Reiestad F, Str0mskag KE (1986) Intrapleural catheter in the 
management of pain. A preliminary report. Reg Anesth 11:89- 
91 

78. Brismar B, Petterson N, Tokics L, Strandberg A, Hedenstierna 
G (1987) Postoperative analgesia with intrapleural adminis- 
tration of bupivacaine-adrenaline. Acta Anaesthesiol Scand 
31:515-520 

79. Rosenberg PH, Scheinin BM-A, Lep~intalo MJA, Lindfors O 
(1987) Continuous intrapleural infusion of bupivacaine for anal- 
gesia after thoracotomy. Anesthesiology 67:811-813 

80. Scheinin B, Lindgren L, Rosenberg PH (1989) Treatment 
of post-thoracotomy pain with intermittent instillations of 
interpleural bupivacaine. Acta Anaesthesiol Scand 33:156-159 

81. StrCmskag KE, Reiestad F, Holmqvist ELO, Ogenstad S (1988) 
Intrapleural administration of 0.25%, 0.375% and 0.5% 
bupivacaine with epinephrine after cholecystectomy. Anesth 
Analg 67:430-434 

82. Durrani Z, Winnie AP, Ikuta P (1988) Interpleural catheter 
analgesia for pancreatic pain. Anesth Analg 67:479-481 

83. Reiestad F, McIlvane WB, Kvalheim L, Strcmskag KE (1989) 
Interpleural analgesia in treatment of upper extremity reflex 
sympathetic dystrophy. Anesth Analg 69:671-673 

84. Thompson GE, Moore DC (1988) Celiac plexus, intercostal and 
minor peripheral blockade. In: Cousins MJ, Bridenbaugh PO 
(eds) Neural blockade in clinical anesthesia and management of 
pain, 2nd edn. JB Lippincott, Philadelphia pp 503-530 

85. Rimbfick G, Cassuto J, Fax6n A, H6gstr6m S, Wallin G, 
Tolleson PO (1986) Effect of intra-abdominal bupivacaine instil 
lation on postoperative colonic motility. Gut 27:170-175 

86. Wallin G, Cassuto J, H6gstr6m S, Hedner T (1988) Influence of 
intraperitoneal anesthesia on pain and the sympathoadrenal re- 
sponse to abdominal surgery. Acta Anaesthesiol Scand 32:553- 
558 

87. Narchi P, Benhamou D, Fernandez H (1991) Intraperitoneal 
local anaesthetic for shoulder pain after day-case laparoscopy_ 
Lancet 2:t56%1570 

88. Joris J, Thiry E, Paris P, Weerts J, Lamy M (1995) Pain after 
laparoscopic cholecystectomy: characteristic and effect of intra- 
peritoneal bupivacaine. Anesth Analg 81:379 384 

89. Scheinin B, Kellokumpu I, Lindgren L, Haglund C, Rosenberg 
PH (1995) Effect of intraperitoneal bupivacaine on pain after 
laparoscopic cholecystectomy. Acta Anaesthesiol Scand 39:195- 
198 

90. Mraovi6 B, Jurisi6T, Kogler-Majeric V, Sustic A (1997) Intrap- 
eritoneal bupivacaine for analgesia after laparoscopic 
cholecystectomy. Acta Anaesthesiol Scand 41:193 196 

91. Sinclair R, Eriksson AS, Gretzer C, Cassuto J, Thomsen P (1993) 
Inhibitory effects of amide local anaesthetics on stimulus- 
induced human leukocyte metabolic activation, LTB4 release 
and IL-1 secretion in vitro�9 Acta Anaesthesiol Scand 37:159- 
165 

92. Rosenberg PH, Renkonen OV (1985) Antimicrobial activity of 
bupivacaine and morphine. Anesthesiology 62:178-179 

93. Pasqualucci A, De Angelis V, Contardo R, Colb F, Terrosu G, 
Donini A, Pasetto A, Bseradola F (1996) Preemptive analgesia: 
intraperitoneal local anesthetic in laparoscopic cholecystectomy. 
A randomized, double-blind, placebo-controlled study. Anes- 
thesiology 85:11-20 

94. Iwama H, Suzuki T, Hirata S, Kawamae K, Akama Y, Tase C, 
Okuaki A (1994) Interabdominal analgesia in pain management 
after cholecystectomy: a preliminary report. J Anesth 8:373- 
375 

95. Stein C, Comisel K, Haimerl E, Yassouridis A, Lehrberger K, 
Herz A, Peter K (1991) Analgesic effect of intraarticular mor 

phine after arthroscopic knee surgery. N Engl J Med 325:1123- 
1126 

96. Niemi L, Pitkfinen M, Tuominen M, Bj6rkenheim J-M, 
Rosenberg PH (1994) Intraarticular morphine for pain after 
knee arthroscopy under regional anaesthesia. Acta Anaesthesiol 
Scand 38:402-405 

97. Karlsson J, Rydgren B, Eriksson B, Jarvholm U, Lundin O, 
Sw~ird L, Hedner T (1995) Postoperative analgesic effects of 
intra-articular bupivacaine and morphine after arthroscopic cru- 
ciate ligament surgery. Knee Surg Sports Traumatol Arthrosc 
3:55-59 

98. Ruwe PA, Klein t, Shields CL (1995) The effect of intraarticular 
injection of morphine nad bupivacaine on postarthroscopic pain 
control. Am J Sports Med 23:59-64 

99. Heard SO, Edwards WT, Ferrari D, Hanna D, Wong PD, Liland 
A, Willock MM (1992) Analgesic effect of intraarticular 
bupivacaine after arthroscopic knee surgery: a randomized, pro- 
spective, double-blind study. Anesth Analg 74:822-824 

100. Henderson RC, Campion Er, DeMasi RA, Taft TN (1990) 
Postarthroscopic analgesia with bupivacaine. A prospective, ran- 
domized, blinded evaluation. Am J Sports Med 18:614-617 

101. Barber A, Gottschlich R (1992) Opioid agonists and antagonists: 
an evaluation of their peripheral actions in inflammation. Med 
Res Rev 12:525-562 

102. Woolf CJ, Chong M-S (1993) Preemptive analgesia--treating 
postoperative pain by preventing the establishment of central 
sensitization. Anesth Analg 77:362-379 

103. Reuben S, Connelly NR (1995) Postoperative analgesia for 
out-patient arthroscopic knee surgery with intraarticular 
bupivacaine and ketorolac. Anesth Analg 80:1154-1157 

104. Reuben S, Connelly NR (1996) Postarthroscopic meniscus re- 
pair analgesia with intraarticular ketorolac or morphine. Anesth 
Analg 82:1036-1039 

105. Elhakim M, Fathy A, Elkott M, Said MM (1996) Intra-articular 
tenoxicam relieves post-arthroscopy pain. Acta Anaesthesiol 
Scand 40:1223-1226 

106. Cook TM, Tuckey JP, Nolan JP (1997) Analgesia after day- 
case knee arthroscopy: double-blind study of intra-articular 
tenoxicam, intra-articutar bupivacaine and placebo. Br J 
Anaesth 78:163-168 

107. Patel JM, Lanzafame RJ, Williams JS, Mullen JS, Hinshaw JR 
(1983) The effect of incisional infiltration of bupivacaine hydro- 
chloride on pulmonary function, atelectasis and narcotic need 
following elective cholecystectomy. Surg Gynecol Obstet 
157:338-340 

108. Partridge BL, Stabile BE (1990) The effects of incisional 
bupivacaine on postoperative narcotic requirements, oxygen 
saturation and length of stay in the post-anesthesia care unit. 
Acta Anaesthesiol Scand 34:486-491 

109. Hannibal K, Galatius H, Hansen A, Obel E, Ejlersen E (1996) 
Preoperative wound infiltration with bupivacaine reduces early 
and late opioid requirements after hysterectomy. Anesth Analg 
83:376-381 

110. Ejlersen E, Bryde Andersen H, Eliasen K, Mogensen T (1992) A 
comparison between preincisional and postincisional lidocaine 
infiltration on postoperative pain. Anesth Analg 74:495-498 

111. Dierking GW, Dahl JB, Kanstrup J, Dahl A, Kehlet H (1992) 
Effect of pre- v s  postoperative inguinal field block on postopera- 
tive pain after herniography. Br J Anaesth 68:344-348 

112. Levack ID, Holmes JD, Robertson GS (1986) Abdominal 
wound perfusion for the relief of postoperative pain. Br J 
Anaesth 58:615-619 

113. Anker-Mr E, Spangsberg N, Dahl JB, Christensen EF, 
Schultz P, Carlsson P (1990) Continuous blockade of the lumbar 
plexus after knee surgery: a comparison of the plasma concentra- 
tions and analgesic effect of bupivacaine 0.25% and 0.125%. 
Acta Anaesthesiol Scand 34:468-472 


