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Secondary hyperalgesia 
is not affected by 
wound infiltration with 
bupivacaine Joan M. Christie MD~* Gregory W. Chen MD~" 

The purpose o f  this study was to determine the effects o f  wound 
infiltration with bupivacaine on incisional pain and the zone 
of  secondary hyperalgesia. Twenty-eight healthy parturients 
were studied in a double-blind randomized trial. At the time 
of  Caesarean section one wound edge was infiltrated with saline 
0.90/0 and the other with bupivacaine 0.25%. After 24 hr, visual 
analogue scores were obtained for incisional pain and the zone 
of  secondary pain around the incision was measured. Patients 
served as their own controls. Visual analogue scores for the 
bupivacaine side o f  the wound were less than for the saline 
side (P < 0.05). The zone of  secondary pain was similar overall 
for both sides o f  the wound. It is concluded that the 
bupivacaine-infihrated side o f  the wound was less painful than 
the saline-injected side 24 hr postoperatively, The zone of  pain 
measured around the wound edges was unaffected by bupi- 
vacaine or saline. 

Cette $tude vise h $valuer l'efficacit$ de Hnfiltration locale de 
bupivaca?ne sur la douleur de l'incision et la zone d'hyperalgie 
secondaire p~riph~rique. Vingt-huit parturientes en bonne sant~ 
font partie de cette &ude randomis~e et ~ double insu. Au 
moment de la c~sarienne, une lkvre de la plaie est infihr~e 
avec du solut~ physiologique 0,9% et I'autre avec de la bupi- 
vaca?ne 0,25%. Aprbs 24 heures, on ~value sur une ~chelle vi- 
sualle analogue la douleur de Hncision et la zone dfiyperalgie 
secondaire p~riph~rique, les patientes dtant leurs propres 
contrtles. Les scores de l~chelle visuelle analogue pour le c~t~ 
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bupivaca~'ne de la plaie sont plus has que ceux du ctt~ solut~ 
physiologique (P < 0,05). La zone d'hyperalgie secondaire est 
la m~me sur les deux c6t~s de la plaie. En conclusion, glla 
pdriode postopdratoire, le ctt~ de la plaie infiltr~ avec la bu- 
pivacaine est moins douloureux que le ctt~ infiltr~ avec du 
physiologique. La zone de douleur mesurde en pdriphdrie de 
la plaie n'est affect~e ni par la bupivacaYne, ni par le physio- 

logique. 

Postoperative pain control remains a considerable prob- 
lem despite recent advances in analgesia technology, i-4 
Further progress will depend on a more effective appli- 
cation of existing techniques and a better understanding 
of acute pain physiology. Clinical investigations evalu- 
ating postoperative pain after inguinal herniorrhaphy, 
cholecystectomy and other operations have documented 
the phenomenon of prolonged postoperative pain relief 
after wound infdtration with local anaesthetics, s-s A con- 
siderable decrease in incisional discomfort and opioid use 
for up to three days was noted when wounds were in- 
fdtrated with bupivacaine or lidoeaine prior to closure. 

The mechanisms underlying these clinical observations 
are unknown but three phenomena may contribute. 
Acute pain processing begins with activation of peripheral 
nociceptors. Nociceptors may become conditioned or sen- 
sitized after injury, which results in a state of lowered 
pain threshold and primary hyperalgesia. 9 Thus, within 
the injured area, stimuli that aren't normally painful, such 
as light touch, may evoke pain. A class of small fibre 
pain receptors, C polymodal nociceptors (CPMN), is 
thought to contribute to the development of primary hy- 
peralgesia because they may become sensitized following 
injury. 

Not all hyperalgesia can be explained by lowered firing 
thresholds of CPMNs sensitized after injury. Undamaged 
CPMNs in normal tissue near the wound site may also 
begin to signal pain. These uninjured CPMNs adjacent 
to injured tissue may become sensitized when exposed 
to products released from stimulated white cells and cut 
nociceptive axons. 9-~2 This phenomenon, known as sec- 
ondary hyperalgesia, manifests as a zone of soreness, 
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which develops around the wound in uninjured skin. An- 
imal experiments have demonstrated decreased secondary 
hyperalgesia after infdtration of injury sites with local an- 
aesthetic, on A decrease in the zone of secondary hyper- 
algesia after local anaesthetic infdtration suggests that re- 
cruitment of uninjured CPMNs was prevented, thus 
contributing to the sustained analgesia. 

A third or perhaps concomitant explanation may in- 
volve decreased sensitization of dorsal horn nociceptive 
neurons that transmit pain information to the spinotha- 
lamic tract and the brain. Woolf et al. and Ejlersen pres- 
ent evidence that central mechanisms are important in 
post injury pain, and excessive dorsal horn responsiveness 
has been demonstrated for many pain states. 8,~~ If the 
mechanism for the effects of local anaesthetic is primarily 
central then secondary hyperalgesia could be unaffected 
by the local injection and the zones of soreness on both 
sides of the wound would be similar. Whether peripheral 
or central mechanisms predominate has not been estab- 
lished. 

We undertook a double-blind study to evaluate Cae- 
sarean section wound infdtration with bupivacaine and 
to examine its effects on incisional pain and secondary 
hyperalgesia. 

Methods 
Institutional approval and patient written informed con- 
sent were obtained. Twenty-eight healthy parturients were 
enrolled in a double-blind, randomized study of incisional 
pain after Caesarean section. Demographic data including 
height, weight, age, and gravidity were recorded. All pa- 
tients had lumbar epidural catheters placed for labour 
and delivery. Continuous infusions of 0.1% bupivacaine 
with 0.5 ~tg-ml -I sufentanil at 10-12 ml. hr -] were given 
for labour. A variable bolus volume of 0.25% bupivacaine 
was given to achieve an adequate sensory level for Cae- 
sarean delivery. At the time of surgical closure, wounds 
were infdtrated with two solutions. After randomized as- 
signment, one edge of the incision was injected with 
0.25% preservative-free bupivacaine 1 ml. cm -1 and the 
other edge received 0.9% saline I ml. cm -l. The surgeon 
was blinded to the content of the injectate. Patients served 
as their own controls. 

Postoperatively, patients were placed on patient- 
controlled analgesia (PCA) with morphine sulphate 1 
m g . q  10 min prn until bowel function resumed. An- 
algesic use was recorded for 30 hr. At 24 to 30 hr wounds 
were evaluated for sensitivity to pressure. The skin was 
marked horizontally at 2 cm intervals 0.25 cm from the 
wound edges. Pressure was applied by depressing the skin 
0.5 cm on the marked intervals with a cotton tipped swab. 
Visual analogue scores (VAS) were obtained at each 2 
cm interval along both wound margins. Patients chose 
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FIGURE 1 Visual analogue score measurement points along the 
wound at 2-cm intervals. The zone of secondary pain in cm was 
measured perpendicular to the wound. 

VAS scores for each of the pressure points tested on a 
scale of 0 to 10, where 0 indicated no pain and 10 in- 
dicated the worst pain the patient could imagine. Eval- 
uation of the test points on either side of the wound 
and along the axis of the wound was performed ran- 
domly. The investigator who obtained the pain scores was 
blinded to the injectate used. 

A zone of painful sensation was measured away from 
each wound edge (Figure 1). As before, pressure was 
applied with the cotton tip swab at 2 cm intervals. This 
time the swab stimulus was moved out perpendicular to 
the incision to define the farthest distance, in centimeters, 
from the wound edge where the pressure stimulus was 
still perceived by the patient as painful. This measurement 
is described as the zone of secondary hyperalgesia. The 
VAS and zones of hyperalgesia were compared between 
the saline-injected side and the bupivacaine-injected sides. 
The data were summarized as mean +SD and were an- 
alyzed with a paired Student's t test. 

Results 
Twenty-eight ASA Class I or II patients were studied. 
The patients were 27 + 7 yr old and weighed 76 + 18 
kg. Patients used 26 + 8 mg (SD) PCA morphine sulfate 
postoperatively over 30 hr. There were 25 horizontal and 
three vertical incisions, all ___ 16 cm in length. Three pa- 
tients with vertical incisions and three patients with hor- 
izontal incisions were repeat Caesarean sections. 

Patients served as their own controls and comparisons 
were made between the sides of the incision injected with 
saline and bupivacaine. The VAS were higher on the sa- 
line side at each 2 cm interval 24 hr postoperatively (P 
< 0.05; Figure 2). Zones of secondary hyperalgesia did 
not differ between the saline and bupivacaine sides of 
the wounds (P _< 0.05), except at the 2 and 4 cm marks 
(Figure 3). There were no systemic or local complications 
of infdtmtion with either solution. 
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FIGURE 2 Mean visual analogue scores (0-10) for incisional pain at 
24 hr postoperatively. 

considerable and prolonged analgesic effect after local in- 
fdtration. The lack of change in secondary hyperalgesia 
differs from the findings of another study using animal 
models. This may be due to species differences and an 
experimental versus operative pain model. 

Mechanisms to explain the diminution in incisionai 
pain might include decreased primary nociceptor sensi- 
tization (primary hyperalgesia) or less concomitant ac- 
tivation of laminae 2 and 5 pain processing neurons in 
the dorsal horn. Our methods could not distinguish be- 
tween the latter two effects. Patients served as their own 
controls and no evaluation of global pain scores, corn- 
parative narcotic use, etc., could be made. 

A further confounding variable in our study was the 
effect of the epidural local and opiate on dorsal horn 
processing. It is possible that the epidural prevented sen- 
sitization of wide dynamic range neurons and thus offset 
the peripheral influence of local on sensitization of un- 
injured axons and secondary hyperalgesia. Thus the zone 
of secondary hyperalgesia was similar for both sides. 
However, the central effects of the epidural were not of 
a significant magnitude to impair detection of the de- 
creases in primary hyperalgesia, which we noted for the 
bupivacaine side of the wound. 

We failed to demonstrate any change in secondary hy- 
peralgesia with post-injury bupivacaine infdtration of 
wounds. The effects of preinjury infdtration with local 
on secondary hyperalgesia are unknown. Preemptive pain 
control remains a desirable but elusive goal. Increased 
understanding of acute nociceptive processing will help 
us to prevent postoperative pain more effectively. 

FIGURE 3 Mean zone of secondary hyperalgesia in cm. 

Thus, patients had more incisional pain on the saline- 
injected side of the wound than on the bupivacaine side. 
Overall, there was no difference between saline and bu- 
pivacaine in the zone of secondary pain away from the 
wound margins. 

Discussion 
We evaluated the effect of local anaesthetic infdtration 
on prolonged incisional analgesia. Incisional pain inten- 
sity on the bupivacaine-injected side was reduced for at 
least 24 hr. We sought to evaluate secondary hyperalgesia 
and found no difference in secondary hyperalgesia as a 
result of post-injury wound infdtration with bupivacaine. 

Our data on the effects of local anaesthetic wound in- 
fdtration on postoperative analgesia are consistent with 
the findings of others. The visual analogue pain scores 
and modest postoperative PCA morphine use suggest a 
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