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Effect of Prolonged Nerve Block on Inflammatory

Hyperalgesia in Rats

Prevention of Late Hyperalgesia

Igor Kissin, M.D., Ph.D.,* Sandra S. Lee, B.S.,t Edwin L. Bradley, Jr., Ph.D.t

Background.: Recent evidence suggests that the duration of
the nociceptive block may be an important factor in determin-
ing the effect of the block on injury-induced hyperalgesia after
block resolution. The authors examined whether a tonicaine
nerve block lasting for 12 to 16 h could prevent late inflamma-
tory hyperalgesia.

Methods: Inflammatory hyperalgesia was induced by injec-
tion of carrageenan into the rat paw. A threshold of motor
response to increasing pressure was determined for the in-
jected paw, contralateral paw, and tail. The development of
edema of the paw and an increase in paw temperature also
were determined. The block was achieved by simultaneous
percutaneous injections of tonicaine (a new long-acting anes-
thetic agent) or lidocaine at the sciatic nerve (greater trochan-
ter level) and the saphenous nerve (midthigh level).

Results: Carrageenan without nerve block caused a pro-
found primary (injected paw) and secondary (contralateral
paw and tail) hyperalgesia that lasted for 3—5 days. Tonicaine
nerve block administered before carrageenan completely pre-
vented primary and secondary hyperalgesia. Tonicaine block
administered 5 h after carrageenan injection reversed second-
ary hyperalgesia and prevented the development of late (= 24
h) primary and secondary hyperalgesia. Edema and tempera-
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ture of the paw were not significantly affected by the nerv
block administered before or after carrageenan.
Conclusions: A prolonged nerve block (12—16 h) can prevent
the development of long-lasting (3—5 days) inflammatory hy-
peralgesia. Prevention of late hyperalgesia can be provndedo
not only by the preinjury block but also by the poslm]ury3
block administered when hyperalgesia is already well estab-3 2
lished. (Key words: Acute postoperative pain; carrageenan in-3
flammation; lidocaine; tonicaine.)
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CONTROVERSY persists regarding the clinical significanc
of preemptive analgesia."* As we suggested previously,
the most important factor in this controversy is that th
concept of prevention of postoperative pain involves twog
phenomena: (1) Antinociceptive treatment started bctore\'
surgery is more effective in the reduction of postopemnveo
pain than treatment given on recovery from general mev»
thesia (phenomenon of preemptive analgesia in a ILII‘I‘OW‘C’
sense); and (2) the effective blockade of noxious stlmuhg
generated during surgery and during the initial postopera- £ S
tive period (inflammatory phase) reduces subsequent pOst-
operative pain (phenomenon of preemptive analgesia in
the broad sense).
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Laboratory analysis of the role of preemptive analgesia in
the broad sense requires two conditions: models of noci-
ceptive input of long duration and nerve blocks that pro-z
vide protection against nociceptive input for a sufficient s g
time interval. In their recent study, Fletcher et al® used ®
the carrageenan model of hyperalgesia, which has a time
course (3-5 days) close to that of postoperative pain. They
found that infiltration of bupivacaine into the paw, which
provides a direct analgesic effect for ~2-2.5 h. revealed
no significant preemptive effect; the difference between
animals receiving bupivacaine 5 min before or 60 min after
carrageenan was not evident after infiltration anesthesia
wore off. The authors concluded that their block may have
been too short to reveal a preemptive analgesic effect.
Pederson et al., experimenting with mechanical hyperalge-
sia after thermal injury in volunteers, reported that a nerve
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block lasting 8-9 h reduced late postburn primary and
secondary hyperalgesia beyond the duration of the block.

We hypothesize that, if the afferent block is prolonged
and complete, the preemptive analgesic effect (in the broad
sense) should be pronounced, even with nociceptive input
lasting several days. To test this, we used a model of carra-
geenan hyperalgesia with an approach similar to that of
Fletcher et al”* Instead of infiltration of bupivacaine into
the paw, however, we used a nerve block with tonicaine®
that provided a long-asting local anesthetic effect.

Methods

Experiments were performed on male Sprague-Dawley
rats weighing 225-275 g. The animals were housed with
a 12-h light - dark cycle, and food and water were available
ad libitum. The protocol for this study was approved by
the Institutional Panel on Laboratory Animal Care.

Inflammation was induced by injection of 0.1 ml of 2%
carrageenan (Sigma Chemical, St. Louis, MO) subcutane-
ously (30-gauge needle) in the plantar surface of the hind
paw under halothane (2%) anesthesia. Hyperalgesia was
determined by measuring the threshold of motor response
(coordinated struggle) to increasing pressure’ ° with the
use of an Analgesy-Meter (Ugo Basile, Milan, Italy). Primary
hyperalgesia (changes in sensation within the area of in-
jury) was determined in the inflamed paw by positioning
the paw on a Teflon platform and directing the device’s
2-mm pressure cone on its dorsal surface. Secondary hy-
peralgesia (changes outside the injury) was determined
as threshold changes in the contralateral paw and the tail.
The pressure on the tail was applied with a pressure plate
(0.7-mm edge) attached to the Analgesi-Meter. The cutoff
pressure was 300 g for the paw thresholds and 600 g for
the tail threshold. Animals received training sessions with
measurement of the motor response to increasing pres-
sure, two on a day before the drug injections and one
before the actual baseline measurement.

To evaluate the edema, the plantar circumference of
the injected paw was measured by a thread at the metatar-
sal level as described by Fletcher et al.* The paw tempera-
ture was measured with a thermocouple thermometer
(Yellow Spring Instrument, Yellow Spring, OH) applied
for 15 s to the plantar surface of the paw.

The blockade of the nociceptive input from the inflamed
paw was achieved by percutaneous injections of a local
anesthetic at two nerves, the sciatic and saphenous. Both
nerves were blocked simultaneously (under brief halothane
anesthesia), the sciatic nerve at the greater trochanter level
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(as described by Thalhammer et al'”y and the saphenous
nerve at midthigh level. For a prolonged blockade, ton-
icaine (20 mm in 5% dextrose and 5% glycerol) was injected
in a volume of 0.2 ml at the sciatic nerve and 0.1 ml at
the saphenous nerve. Preliminary experiments demon-
strated that the mean + SD duration of the block was 11.2
= 1.2 h (n = 6) for recovery of the withdrawal reflex to
deep pinch of the fist (saphenous nerve) and the fifth
(sciatic nerve) toe; the motor threshold to increasing pres-
sure returned to the preblock level in 13.8 + 2.3 h (n =
6). For comparison, a lidocaine block was also used. Lido-
caine was administered as a 37-mm (1%) solution in saline
providing the blockade for 0.5-1.0 h.

The animals were randomly assigned to one of the follow-
ing groups (n = 8 per group). In the group 1, the precarra-
geenan tonicaine block (TC) group, tonicaine was injected
after baseline measurements, and the completeness of sci-
atic and saphenous nerve blockade was confirmed 10 min
later by toe pinch. Immediately after this, carrageenan was
administered, and all variables were measured at 3, 5, 24.
48, and 72 h and then every second day for another 4-6
days. In the group 2, the postcarrageenan tonicaine block
(CT) group, carrageenan was injected first, and 5 h later
(after the 3- and 5-h measurements of all variables), the
tonicaine blockade was provided. The rest of the measure-
ments were the same as in the first group. Groups 3
through 6 served as controls. In group 3, the intramuscular
tonicaine (no block) with carrageenan (imTC) group, ton-
icaine (20 mym, 0.2 ml, and 0.1 ml) was injected in thoraco-
lumbar paraspinal muscles (two sites) 10 min before carra-
geenan injection into the paw. In group 4, the tonicaine
block without carrageenan (T) group, sciatic and saphe-
nous nerves blocks were provided without injection of
carrageenan. Group 5 received lidocaine block before carra-
geenan (LC). The lidocaine blockade of the sciatic and
saphenous nerves was provided 10 min before the injection
of carrageenan in the paw. The sixth group received carra-
geenan without nerve block (C). Measurements were made
by an experimenter who did not know of expected
changes in the reaction thresholds among the group with
paw inflammation.

Statistical Analysis

Raw data were expressed in grams for the motor reac-
tion threshold to pressure, in millimeters for the paw
circumference, and in degrees Celsius for paw tempera-
ture and are presented as mean *= SD. They were ana-
lyzed using a two-way (group and time) analysis of vari-
ance, with time treated as a repeated-measures factor."'
Comparisons between groups at each time were per-
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formed with one-way analysis of variance.'” Multiple
comparisons among means were made using Fisher’s
protected least-squares difference test.'”* The results
were declared significant if P < 0.05.

Results

The results in the groups in which inflammation was
induced without the nerve block (C and imTC) demon-
strated that, by the fifth hour after carrageenan injection,
the motor reaction threshold to pressure on the inflamed
paw decreased by approximately half (e.g., in the C group,
from 138 * 10 g to 65 £ 19 g). Twenty-four hours after
the carrageenan injection, the motor threshold in this group
was decreased to a somewhat lesser degree: 87 + 21 g.
The process of the threshold recovery was gradual and
continued for ~7 days. The motor reaction threshold to
pressure on the hind paw contralateral to an inflamed paw
and on the tail also was decreased, revealing the remote
secondary hyperalgesia. In the C group, the contralateral
paw threshold decreased from 139 = 12 to 113 + 12 g at
5handto 113 * 16 g 24 h after the carrageenan injection;
the tail threshold decreased from 382 + 18 to 302 * 23
g at 5 h and 301 £ 23 g 24 h after injection. Changes in
the motor reaction threshold in the imTC group were not
substantially different from those in the C group.

The comparison between the imTC control group and
the groups with tonicaine blocks administered before (TC)
or after (CT) carrageenan is summarized in figure 1. Late
(= 24 h) hyperalgesia in the inflamed paw was prevented
by tonicaine nerve block administered before the injection
of carrageenan, and the changes in the motor reaction
threshold in the group with tonicaine block administered
5 h after carrageenan were not different from those in the
group with precarrageenan block. The 24- and 48h
changes of the motor reaction thresholds in all groups are
presented in figure 2, which demonstrates that late (24 and
48 h) primary hyperalgesia was present almost at identical
levels (30-35% decreases from baseline) in the C, imTC,
and LC groups and was practically absent in the TC and
CT groups. Therefore, precarrageenan long-lasting (12-16
h) tonicaine block in contrast to short (0.5 - 1.0 h) lidocaine
block was effective in preventing late hyperalgesia. The
postcarrageenan block also prevented the development of
late primary hyperalgesia well beyond the block resolution
(fig. 1A).

When the tonicaine block was administered without the
carrageenan injection, no significant changes were noted
in the motor reaction threshold after recovery from the
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direct local anesthetic effect at 24 h and during a 3-7 day
period, but at 48 h a small but statistically significant (P <
0.05) decline was noted in the threshold of the paw with
the block (fig. 2A).

The results with secondary hyperalgesia (contralateral
hind paw and tail) were similar to those with primary
hyperalgesia (figs. 1B and 2B). The late changes in the
motor reaction thresholds in both the TC and CT groups
were absent or minimal (compared with the imTC, C, and
LC groups; fig. 2B). For example, the contralateral paw
threshold in the C group decreased from 139 + 12 to 113
+ 16 g at 24 h (—19%; P < 0.001) and to 116 + 12 g
(—16%; P < 0.001) at 48 h. At the same time, in the TC
group the contralateral threshold value was not changed.
In the CT group, minimal changes were noted in the motor
reaction threshold only at 48 h. The contralateral paw
threshold at 48 h decreased from 148 *= 12 (baseline) to
136 = 7 g (—8%; P < 0.05) and, for the tail, from 414 =+
32 (baseline) to 388 = 21 g (—6%; P < 0.01). These
changes were significantly smaller than those in the C
group, however (P < 0.05; fig. 2B).

Changes in circumference and temperature of the
paw caused by carrageenan were maximal 5 h after
injection. The paw circumference increased from base-
line by ~30-35%. For example, in the C group, it in-
creased from 29.9 = 0.6 to 41.0 = 1.6 mm (P < 0.0001).
The paw temperature in the same group increased 5 h
after the carrageenan injection from 28.7 = 1.3 to 32.3
+ 0.5°C (P < 0.0001). Twenty-four hours after injec-
tion, both the paw circumference and the temperature
reduced by approximately one fourth compared with
5-h values; after this time, there were daily gradual de-
creases in the carrageenan-induced changes that lasted
for more than a week. Evolution of the paw circumfer-
ence and of the paw temperature in the imTC, TC, and
CT groups is illustrated in figures 1C and 1D. The results
demonstrate that these two indices of inflammation
were not influenced by the tonicaine block adminis-
tered before or after carrageenan injection. Lidocaine
block was also ineffective in this respect. Five hours
after carrageenan injection, the paw circumference in
the LC group was 40.5 = 1.3 mm, and the temperature
was 31.8 £ 0.7°C, which are almost identical to the
values in the C group. The variables at the other time
intervals also indicated no significant changes com-
pared with control.

Discussion

The carrageenan model of inflammation used in our
study resulted in changes in paw circumference and
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Fig. 1. The effects of tonicaine nerve block
administered before (Pre Toni) or 5 h after
(Post Toni) injection of carrageenan into
the paw (4) on the threshold of response
to paw pressure, (B) on the threshold of
response to tail pressure, (C) on the
edema of the paw, and (D) on the temper-
ature of the paw. Values are mean + SD; n
= 8 per group. B = baseline; O = injection
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Tail Threshold
(9)

of carrageenan; imTC = tonicaine injected 300
intramuscularly (no block) before carra- C 45
geenan (control); TC = tonicaine block

(sciatic and saphenous nerves) before car-
rageenan; CT = tonicaine nerve block 5 h
after carrageenan. Statistical significance:
a=P < 00001, b=P < 0.001,c =P <
0.01 (all vs. baseline); and d = P < 0.0001,
e =P < 0.001, f=P < 0.05 (all vs. control;
imTC group).
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reaction threshold to pressure similar to those observed
by Fletcher et al.”*; these authors reported that, 4 h after
carrageenan injection, paw circumference increased by
41% and vocalization threshold to the pressure on the
inflamed paw decreased by 55%. In our study, 5 h after
the injection of carrageenan, the paw circumference
increased by 37% and the motor reaction threshold to
pressure decreased by 40%. The degree of change in
the threshold was only slightly reduced at 24 and 48 h:
it gradually returned to baseline level by the 7th-9th
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day. Also, changes in motor reaction threshold to pres-
sure on the contralateral paw and the tail, reflecting
the degree of secondary hyperalgesia, were significant
(decrease of the thresholds by 15-20%) and lasted al-
most as long as changes in the injured paw. These find-
ings agree with the results on distant secondary hyperal-
gesia caused by the paw injury.'> '

Our results demonstrate that carrageenan-induced pri-
mary and secondary hyperalgesia lasting up to 3-5 days
was prevented by preinjury block with tonicaine, which
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Fig. 2. Hyperalgesia to pressure on inflamed and contralateral
paw 24 and 48 h after injection of carrageenan. Along the
vertical axis are changes in motor reaction threshold to in-
creasing pressure on the paw. The six groups (n = 8 per group)
of animals were as follows: C = carrageenan injection into the
paw without nerve block; TC = tonicaine block (sciatic and
saphenous nerves) before carrageenan injection; CT = ton-
icaine block 5 h after carrageenan injection; imTC = tonicaine
injected intramuscularly (no block) before carrageenan; LC =
lidocaine block before carrageenan; T = tonicaine block with-
out injection of carrageenan. Values are mean + SD. Statistical
significance: a = P < 0.001,b =P < 0.01,c = P < 0.05 (all vs.
baseline); P < 0.0001 for the differences between the TC and
C groups for the test (inflamed) paw and also the contralateral
paw (24- and 48-h data); P < 0.0001 for the differences between
the CT and C groups for the test paw and contralateral paw at
24 h; and P < 0.01 for the same differences at 48 h.
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provided a direct local anesthetic effect for 12-16 h.
At the same time, short-term (0.5 -1 h) nerve block with
lidocaine produced no significant changes in carra-
geenan-induced hyperalgesia. Fletcher et al.,” using car-
rageenan-induced inflaimmation and infiltration of bupi-
vacaine into the paw, found no significant preemptive
effect of infiltration. Carrageenan-induced primary hy-
peralgesia reappeared in their experiments immediately
after the infiltration anesthesia (lasting for 2-2.5 h)
wore off; this finding agrees with the suggestion that the
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nerve block should be sufficiently prolonged to prevent
inflammatory hyperalgesia. The important indication in
this regard was presented by Pedersen et al.,” who dem-
onstrated that nerve block administered before thermal
injury and lasting 8-9 h reduced late postburn primary
and secondary hyperalgesia for several hours beyond
the block duration. In our experiments, the effect on
the inflammatory hyperalgesia lasted several days be-
yond the duration of the block, and the development
of hyperalgesia was completely prevented. The differ-
ence is probably due to the different nature of hyperal-
gesia in our model of inflammation.

One of the explanations for the persistence of the
effect of the nociceptive block far beyond the time of
block resolution might be that our model of hyperalge-
sia involved a long period when a noxious input from
the inflamed tissues was able to maintain central hyper-
sensitivity, but at the same time the input was not strong
enough to initiate the hypersensitivity. The process
might be the same as that suggested by Gracely et al."”’
for painful neuropathy: Altered central processing can
be maintained for a long time by a relatively weak pe-
ripheral noxious input. If the preinjury block lasts long
enough for the noxious input to decline to the level at
which it is unable to initiate central hypersensitivity,
hyperalgesia prevention will be permanent (fig. 3, part
D. Duration of the preventive effect of the blockade
beyond its direct pharmacologic effect is determined
by duration of afferent input that can maintain central
hypersensitivity. If this period is very prolonged, one
can expect a significant clinical advantage of the preven-
tive block.

Most interesting were the results with tonicaine nerve
block administered 5 h after the carrageenan injection
when hyperalgesia was already established. The block
reversed the established secondary hyperalgesia and
prevented late (= 24 h) primary and secondary hyperal-
gesia almost to the same extent as the precarrageenan
tonicaine block.

Several groups of authors studied the effect of local
anesthetic blockade on an established secondary hyper-
algesia. Some observed no changes,'*'® whereas others
reported a pronounced effect with a rapid return of
hyperalgesia after block resolution'®'”* or partial hy-
peralgesia reduction.” Only Levine et al'' observed
complete and permanent reversal of secondary hyperal-
gesia; however, in their experiments, blockade of the
sciatic and saphenous nerves with lidocaine was fol-
lowed by section of the nerves. Differences between
intensity and duration of nociceptive input causing hy-
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' Fig. 3. A model illustrating hypothetical
© conditions necessary to prevent late hy-
W peralgesia. The upper panels in each fig-
ure part represent a nociceptive input
caused by the injury and inflammatory
response to the damaged tissue. The
lower panels represent three possible
variants of the central hypersensitivity
states generated in response to the affer-
ent input with different block conditions:
no block (1), short block (2), and pro-
longed block (3) (part I) Preinjury block.
a = a minimal level of the nociceptive in-
put necessary for initiation of the state of
central hypersensitivity; b = a minimal
level of the nociceptive input necessary
to maintain the state of central hypersen-
sitivity. The segment on the horizontal
axis between A and B represents the time
interval when the nociceptive input is un-
able to initiate the state of central hyper-
sensitivity but yet strong enough to main-
tain it. If a preinjury block lasts beyond
point A, hyperalgesia prevention will be
permanent; the clinical significance of
this effect is determined by the duration
of afferent input that potentially can
maintain hypersensitivity (AB segment).
If a preinjury nerve block does not reach
point A (short block) the peripheral affer-
ent input will be strong enough to initiate
central sensitization. (part II) Postinjury
block. ¢ = a minimal level of the nocicep-
tive input necessary to reinitiate the state
of central hypersensitivity (note that it is
lower than level a in the part of fig. 3I
that is necessary to initiate central hyper-
sensitivity). There are two conditions for
permanent prevention of late hyperalge-
sia when a block is administered with es-
tablished central hypersensitivity. One
condition (peripheral) is that the block-
ade should last until the intensity of a
noxious input below the level that could
potentially reinitiate central hypersensi-
tivity (beyond the C point on the time
axis). The other condition (central) is that
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the established hypersensitivity in the absence of afferent input caused by the block should disappear before block resolution.
As in the case of preinjury block, clinical significance of the prevention of late hyperalgesia is determined by the duration of
afferent input that potentially can maintain hypersensitivity (CD segment).

peralgesia on the one hand and completeness and dura- ripheral condition). The other condition (central) is that
tion of the nerve block on the other was probably the the established hypersensitivity in the absence of affer-
reason for the discrepancies between results reported ent input should subside and disappear before block

by these authors.

resolution. The intensity of noxious input for reinitia-

Hypothetical conditions that determine effectiveness tion of central hypersensitivity should probably be
of the block with established hyperalgesia are presented lower than that for its initiation (compare levels a and
in figure 3, part II. One condition is that the blockade ¢ in fig. 3). In the carrageenan model of hyperalgesia,
should last until the intensity of a noxious input from the 12-16 h blockade probably was sufficient to satisfy
the inflamed tissues decreases below the level that both the central and peripheral requirements for perma-
could potentially reinitiate central hypersensitivity (pe- nent reversal of hyperalgesia. The duration of the bene-

Anesthesiology, V 88, No 1, Jan 1998

20 Iudy 01 U0 1senb Aq Jpd’L£000-000108664-27S0000/22988E/72Z/1/88/4Pd-2101E/ABOIOISSUISUE/W0D IIBYDISAIIS ZESE//:dRY LIOY P3PEOjUMOd




230

KISSIN ET AL.

Table 1. Data for Six Groups of Animals

Baseline 3h 5h 24 h 48 h 3 days 5 days 7 days
Threshold for tested paw
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Six groups (eight rats per group): TC = tonicaine block before carrageenan injection; CT = tonicaine block 5 h after carrageenan injection; imTC = tonicaine
injected intramuscularly (no block) before carrageenan; LC = lidocaine block before carrageenan injection; C = carrageenan injection without nerve block; T

= tonicaine block without injection of carrageenan.

Values are mean + SD. Column headings indicate time after carrageenan injection.

* Significantly different from baseline (P < 0.05).

ficial effect of the block beyond block resolution is
determined, as with the preinjury nerve block, by the
duration of afferent input that could potentially main-
tain central hyperexcitability.

The lack of clinically important differences between
the outcomes of preinjury and postinjury analgesic
treatments is well known.*** Woolf and Chong® sug-
gested that one of the reasons for this lack of difference
is the reinitiation of central sensitization after comple-
tion of surgery. It seems likely that only preemptive
analgesia in the broad sense, which also includes treat-
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ment during the initial postoperative period, can dem-
onstrate a clinically important effect’ (for reviews on
differences in assessment of the value of preemptive
analgesia see refs. 2, 22, and 23). With the carrageenan
model of hyperalgesia, we demonstrated only very small
differences in secondary hyperalgesia between prein-
jury and postinjury administration of tonicaine block
that did not even reach a statistically significant level
(P < 0.08 at 48 h; fig. 1). The duration of the block
should probably be shorter for a more significant differ-
ence. Our results suggest a reason for the absence of
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PREVENTION OF LATE HYPERALGESIA

preinjury versus postinjury block difference: Long-last-
ing block provided by both treatments may prevent the
development of late hyperalgesia equally well.

Usually only clinical studies on preemptive analgesia
in the broad sense, when a relatively prolonged protec-
tive effect extended well into the initial postoperative
period, were able to demonstrate a clinically important
effect.”*"*” In one of these studies,”” the effect of 9-h
neural blockage given before inguinal herniorrhaphy
reduced late hyperalgesia for up to 10 days. This effect
observed in patients is similar to the results obtained
in the current study.

Wang et al.® Performed a complete neurologic evalua-
tion of the tonicaine sciatic nerve block in rats with
evaluation of resting posture, gait, postural reactions
(hopping and tactile placing), motor functions (exten-
sor postural thrust), and heat and pinch withdrawal
responses. They reported that tonicaine given by injec-
tion in a manner similar to that in our experiments
completely blocked all functions. The absence of func-
tions lasted from 3-4 h (motor) to 6-7 h (heat with-
drawal). All the functions evaluated in their experi-
ments completely recovered in 9-24 h in all animals.
In our experiments, in addition to pinch withdrawal
responses, the threshold of motor response to increas-
ing pressure on the paw was also measured. We have
observed recovery of the injected paw threshold from
the tonicaine block in 13.8 + 23 h. In 48 h after the
tonicaine injection, there was even some decrease in
the threshold from 151 # 11 (baseline) to 136 + 16 g
(=9%; P < 0.05), perhaps indicating a slight hypersensi-
tivity after long-lasting nerve block. It is conceivable,
although we believe unlikely, that potential residual and
selective nerve damage produced by tonicaine block
could contribute to the obtained results.

We detected no significant effect of the nerve blocks
on the indices of carrageenan-induced paw inflamma-
tion. Fletcher ef al.” obtained similar results; 240 min
after carrageenan administration, the paw circumfer-
ence and the temperature of the paw were similar to
those of the control and block groups. A tendency for
a reduced incidence of blister formation after thermal
injury in legs with a preemptive nerve block was re-
ported by Pedersen et al’ Another index of inflamma-
tion used in their study, erythema intensity, was not
changed by the block, however. Diminished neuro-

genic inflammation is, in principle, a possible result of
nerve block®®; however, it was not a substantial factor
for changes of hyperalgesia observed in our study.

The experiments demonstrated that a prolonged
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nerve block (12-16 h) can prevent the development

of long-lasting (3-5 days) inflammatory hyperalgesia.
Prevention of late hyperalgesia can be provided not
only with a prolonged preinjury block but also with a
prolonged postinjury block when hyperalgesia is al-
ready well established.

The authors thank Drs. G. K. Wang and W. M. Mock for providing
tonicaine and advice
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