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Local anaesthetic use for the iliac crest-donor site : pharmaco-
kinetic and pharmacodynamic evaluations
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Abstract : During orthopaedic surgery of the limb, we
performed a prospective, double blind controlled study
on three parallel groups in 30 patients to evaluate the
pharmacokinetic and pharmacodynamic effect of infiltra-
tion of the iliac crest bone graft harvest site with 20 ml of
bupivacaine (100 mg), ropivacaine (150 mg) or saline as
control group (n= 10 in each group). Then, in a sheep
model of iliac crest infiltration, we compared the
pharmacokinetics of single administration of plain bupi-
vacaine (100 mg) and bupivacaine (500 mg)-loaded
microspheres.

In the clinical control group, pain from the iliac crest was
worse than pain from the primary surgical site. Pain from
the iliac crest was significantly reduced during the first
12 postoperative hours in local anaesthetic groups com-
pared to the control group. However, during this period,
pain from the primary surgical site was increased com-
pared to the control group. Finally, there was no differ-
ence between the three groups in the average intake of
PCA morphine. There was no significant pharmaco-
kinetic and pharmacodynamic difference between plain
bupivacaine and ropivacaine. The maximal plasma con-
centration (Cmax) of ropivacaine and bupivacaine were
964 (282) ng.ml"' and 638 (366) ng.ml", respectively. In
the sheep model, it was clearly shown that the release of
bupivacaine from microspheres was controlled and pro-
longed despite the largest dose of bupivacaine used
(500 mg ; n=4).

Wound infiltration of iliac crest harvest site with local
anaesthetic is an easy technique for postoperative analge-
sia. However, this effect lasts only 12 hours without
reducing the morphine consumption due to an increase
of pain from the primary surgical site. The local anaes-
thetic infiltration produced a significant peak of plasma
level, which could be dangerous if another infiltration or
regional anaesthetic technique was associated with it.
Experimentally, as a drug delivery system, the use of
local anaesthetic-loaded microspheres could be an inter-
esting alternative.

Key words : Local anaesthetics : bupivacaine, ropiva-
caine, bupivacaine-loaded microspheres ; wound infiltra-
tion : iliac crest, bone graft harvest; analgesia: post-
operative pain.

INTRODUCTION

Autologous bone grafts from the ilium are fre-
quently harvested for purposes of bone fusion in
patients undergoing limb stabilization surgery.
However, the pain from the donor site (secondary
surgical site) is often more severe than from the
limb incision (primary surgical site) (1-3). Wound
infiltration with local anaesthetic seems to be effec-
tive but just for a short period (3, 4). In order to
prolong this analgesic effect, it was proposed to
perfuse local anaesthetics through a catheter (4). No
data are available concerning the pharmacokinetics
and pharmacodynamic effects of local anaesthetics
from a wound administration in an iliac crest bone
graft. We performed a prospective, double blind
controlled study on three parallel groups to evaluate
the pharmacokinetics and pharmacodynamic effect
of a single administration of two local anaesthetics
(bupivacaine and ropivacaine). Then, in a sheep
model of iliac crest infiltration, we compared the
pharmacokinetic effect of a single administration of
plain bupivacaine and bupivacaine-loaded micro-
spheres as a drug delivery system used for the
controlled release and prolonged effect of local
anaesthetics.
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MATERIAL AND METHODS

After the approval of the Ethics Committee
and written informed consent, 30 adult ASA physi-
cal status I-II patients were prospectively included
for limb orthopaedic surgery utilizing autogenous
bone harvested from the ilium. All were found to be
in normal health by medical history and physical
examination and were within 10% of ideal body
weight.

Standardized anaesthesia was induced using
intravenous injection of 0.5 microgram.kg™* of sufen-
tanil, 4 microgram/kg of thiopental and 0.5 micro-
gram/kg rocuronium bromide was used to allow
tracheal intubation. Patients were ventilated
mechanically using 50/50 oxygen / nitrous oxide in
a semi-closed system and kept normocarbic (end-
tidal CO2 =4.0-4.7 kPa). Anaesthesia was main-
tained using isoflurane (1 to 1.5 minimum alveolar
concentration) and additional intravenous injections
of 0.1 to 0.5 microgram.kg"' of sufentanil each hour
or in case of arterial pressure or heart rate increase
of at least 20% above initial values until the end of
surgery. Thirty minutes before the end of surgery,
patients received a slow infusion of 2 g of propac-
etamol and a bolus of 100 mg of ketoprofen intra-
venously.

After the surgical closure, the wound at the
anterior iliac crest was randomly infiltrated by
the surgeon with 20 ml of ropivacaine 0.75%
(Naropeine, Astra-Zeneca, Reuil-Malmaison,
France) (150 mg), with 20 ml of plain bupivacaine
0.5% (Marcaine, Astra-Zeneca, Reuil-Malmaison,
France) (100 mg) or with 20 ml of saline (Control
Group) ; n =10 for each group. The wound blood
draining off was started 15 minutes after wound
infiltration.

The main endpoint of our pilot study was a
pharmacodynamic evaluation. After surgery, the
pain was evaluated using the Visual Analog Scale
(VAS 0-100 mm ; time zero = time at the first eval-
uation before analgesic treatment) and was record-
ed for 48 hours from the two operative sites (harvest
site = secondary surgical site and limb site = pri-
mary surgical site) by the nurse of the postoperative
care. This nurse had no prior knowledge of the
experiment and the associated protocol. Secondary
endpoint was post-operative cumulated morphine
consumption through Patient Controlled-Analgesia
(PCA) during the 24 hours following extubation. In
postoperative care unit, intravenous (iv) morphine
titration (3 mg of morphine each 7 min) was per-
formed to reduce patient’s pain below 40 mm on a
0-100 mm VAS. Then, the patient used PCA (i.e.

1 mg of morphine with 7 min refractory period, and
a maximum dose of 20 mg per period of 4 hours ;
time zero = time at the end of morphine titration).
Post-operative analgesia also included, if not
contra-indicated, 8 g of propacetamol and 200 mg
of ketoprofen daily.

For a pharmacokinetic evaluation blood
samples were drawn from a venous catheter
immediately before and after injection of local
anaesthetics according to a standard time-schedule
protocol (0 : before injection ; 1, 5, 15, 30, 45 min-
utes and 1, 2, 3, 4, 12 and 24 hours after injection).
The measurement of plasma bupivacaine and ropi-
vacaine concentration was performed by high-
performance liquid chromatography (5). The limit
of detection was 2 ng.m" ; the within-day and the
between-day reproducibilities were 2.1% and 5.6%,
for bupivacaine and 0.9 ngml*, 1.9%, and 4.1% for
ropivacaine respectively.

Statistical significance was defined as P <
0.05. Patients with allergic history of local anaes-
thetics were excluded. In a previous study (6), we
have shown that post-operative VAS was signifi-
cantly reduced when we infiltrated the iliac bone
craft harvest site with 20 ml of 0.75% ropivacaine
compare to a group without infiltration (n = 15 for
each group). Based on these results, we calculated a
sample size that would permit a type I error of
o = 0.05 with a type II error of § =0.05 and power
of 95%. Enrolment of 10 patients in each group was
required. Patients were not included in the study
when local anaesthetics were used for another indi-
cation. Results are presented as mean (SD). Data
were analyzed using the analysis of variance
followed by the unpaired Student’s #-test with
Bonferroni correction for the comparison of contin-
uous variables and chi-square test (or Fisher’s exact
test when appropriate) was used for the comparison
of categorical variables.

As an alternative to the use of a catheter to
prolong the effect of local anaesthetics, we evaluat-
ed in a pharmacokinetic study another drug delivery
system to prolong a block. Indeed, to avoid the
risk of infection due to the use of catheter (7), the
use of local anaesthetics loaded microspheres in a
single shot administration would be an interesting
option (8). In comparison to our clinical study,
and after approval of our local animal care com-
mittee, the same surgery (i.e. autogenous bone
harvested from the ilium) was performed in sheep
for preliminary pharmacokinetic evaluation under
general anaesthesia. After surgical closure wound
infiltration was performed with 20 ml of plain bupi-
vacaine (100 mg) or with 500 mg of bupivacaine-
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Fig. 1. — Visual Analogue Scale (VAS) values obtained from secondary surgical site (iliac crest donor site) (0-10 cm), after infiltra-

tion of the iliac crest donor site with 20 ml of bupivacaine (100 mg ; o and interrupted line), ropivacaine (150 mg ; ¢ and continuous
line), or saline (® and interrupted line). Data are presented as mean (SD) (n = 10 in each group). Time zero is at the first VAS evalu-

ation before morphine titration.

loaded microspheres (n =4 for each group). Such
microspheres have been previously used as acarrier
of bone growth factor for the treatmentof a
diaphysal non-union (9). Also a pharmacokinetic
comparison was performed between plain bupiva-
caine and bupivacaine-loaded microspheres to allow
a preclinical evaluation. Bupivacaine-loaded micro-
spheres production was previously described (10).

REsuLTs

30 patients were successively and randomly
included. There was no significant difference
between groups considering age, weight, sex ratio,
type of surgery (lower or upper limb), per-operative
sufentanil consumption, anaesthesia duration, use
of propacetamol and ketoprofen, time to extubation,
or time between infiltration and extubation, No
adverse effect such as haematoma or infection was
recorded from the iliac crest site. No adverse effects
of the local anaesthetics were clinically recorded.

All patients could clearly differentiate pain at
the donor site from pain at the site of limb fusion.
Pain at the iliac crest measured with the VAS was
the same in the ropivacaine and bupivacaine group
and lower than in the control group for the first
12 hours (P <0.001 ; Fig. 1). Conversely, pain at
the operated limb measured with the VAS score was

lower between 4 to 12 hours in the control group
compared to the ropivacaine and bupivacaine group
(Fig. 2 ; P<0.01). Whereas in the control group,
pain from the iliac crest was significantly greater
than pain from the primary surgical site ; in local
anaesthetics groups, pain from the primary surgical
site was greater than pain from the iliac crest. After
the first 12 hrs of the postoperative period there was
no significant difference in the infiltrated groups
compared to the control group.

There was no significant difference in the dose
of morphine administered during titration or in the
average intake of morphine PCA during 24 hrs
(Fig. 3).

Considering the pharmacokinetic analysis the
maximal plasma concentration (Cmax) of ropiva-
caine and bupivacaine was 964 =+ 282 ng.ml" and
638 £ 366 ng.ml' respectively with similar Tmax
(30 + 10 min) (Fig. 4). No local anaesthetic was
detected from the postoperative blood loss suction
from the ilium in 2 patients for each local anaesthet-
ic group.

The plasma levels of the sheep model are
depicted in figure 5. In the bupivacaine group
(100 mg of bupivacaine), the C max was 187 +
107 ng.ml" and the T max was 20 + 15 min. In the
bupivacaine-loaded microspheres group (500 mg of
bupivacaine), the C max was 96 + 87 ng.ml" and
the T max was around 100 min.
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Fig. 2. — Visual Analogue Scale (VAS) values obtained from primary surgical site (surgical limb) (0-10 cm), after infiltration of the
iliac crest donor site with 20 ml of bupivacaine (100 mg ; o and interrupted line), ropivacaine (150 mg ; 4 and continuous line), or
saline (¢ and interrupted line). Data are presented as mean (SD) (n = 10 in each group). Time zero is the first VAS evaluation before

morphine titration.
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Fig. 3. — Consumption of morphine (iv titration and Patient Controlled Analgesia) (mean + SD) after infiltration of the iliac crest
donor site. Infiltrations were performed with 20 ml of bupivacaine (100 mg, o and discontinuous line), ropivacaine (150 mg ; A and
interrupted line), or saline (® and continuous line). All data are presented as mean (SD) (n = 10 in each group). Time zero is at the end

of the morphine titration.

Discussion

This is the first study in which pharmaco-
dynamic and pharmacokinetic evaluations were
performed simultaneously and this study shows a
significant, although transient, effect of local infil-
tration of the iliac bone graft. No difference
between ropivacaine and bupivacaine infiltration
was observed.

In the control group, pain from the iliac crest
was significantly greater than pain from the primary
surgical site. Donor site pain often constitutes the
most intense pain experienced by patients after limb
fusion. Our clinical data are in agreement with pre-
vious studies (2, 4, 6, 11) showing that infiltration
of local anaesthetic is an effective method to pro-
vide analgesia in this setting. However, as suggest-
ed in previous studies the effect of infiltration with

© Acta Ancesthesiologica Belgica, 2009, 60, n° 1



LOCAL ANAESTHETIC USE FOR THE ILIAC CREST-DONOR SITE 43

10000
-l
E
Sty
£
o
g
LS
£ oao -
. “'-i .6"; = - E
E 1110 - SO iy ' e )
a] L s = 208 = = - - x =
-3 ] LS ) ' a _— = g = |
-
8 ? i === o
g : e
&
o
10 4
A - °
= i o Bl
: E
H -
= N =
I : - . : - - 0
i i) A0 Gl ann 160 1340 1404
Time: min

Fig. 4. — Local anaesthetic plasma concentrations after infiltration of the iliac crest donor site with 20 ml of bupivacaine (100 mg ;
e and continuous line) or ropivacaine (150 mg ; O and interrupted line). Time zero is the time at the first blood sample just before
infiltration.
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Fig. 5. — Local anaesthetic plasma concentrations after infiltration of the iliac crest of sheep performed with 20 ml of bupivacaine
(100 mg ; o and interrupted line) or (500 mg loaded-microspheres ; ¢ and continuous line). All data are presented as mean (SD) (n =
4 in each group). Time zero is the time for the first blood sample just before infiltration.
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local anaesthetics is transient (2, 4, 12). No relevant
clinical difference was recorded when 100 mg of
bupivacaine was compared to 150 mg of ropiva-
caine. Given the 1.5 fold difference in drug dosing,
the peak plasma concentration was identical, sug-
gesting a lack of difference in drug absorption from
the site of administration, as also suggested by the
similar T max.

In our study, infiltration of the iliac crest was
not sufficient to decrease the postoperative mor-
phine intake. These results were in agreement with
the similar maximal VAS scale reported (from the
ilium in the saline-infiltrated group and from the
primary surgical site in the infiltrated groups). A
specific evaluation of pain from the primary site
showed that local infiltration of the iliac crest had
no effect on pain from the limb. Conversely, when
the worst pain (from the iliac crest) was reduced,
patient perception seemed to be orientated toward
the second site of pain (i.e. primary site). These
results are different than those previously reported
in another investigation (4). In this study the spinal
surgery incision was close to the ilium donor site
and included a less active period. In our study,
because the primary site was the limb, patient mobi-
lization was more important. It is also important to
notice that it was reported that pain from the anteri-
or harvests (as in our study) was more severe than
posterior iliac harvests (13).

Our study is the first to evaluate the pharmaco-
kinetic aspects of infiltration on a large area of
decorticated iliac bone crest. These results are clin-
ically relevant because they showed a significant
absorption of local anaesthetics. Particularly for
two patients in each group, plasma peaks were
high : 1373 and 1240 ng.ml"' for ropivacaine and
1266 and 1141 ng.ml" for bupivacaine ; suggesting
a risk of toxicity in case of association with other
regional anaesthetic techniques. The discussion
about the toxic dose of local anaesthetics remains
unclosed due to the lack of distinction between tis-
sue absorption and accidental intravenous injec-
tion (14). Indeed, in limb orthopaedic surgery, the
pain from the site of limb fusion could be easily
blocked with regional anaesthesia. With the local
anaesthetics doses used in our study, we do not rec-
ommend the association of regional anaesthesia
with iliac crest infiltration. Further studies must be
performed. In the aim to determine if lower doses of
local anaesthetics could be used with a similar clin-
ical effect, it would be particularly interesting to
perform a dose-ranging study. It was reported that
morphine infiltration is effective for the treatment

of pain from iliac crest and spine (15, 16). Another
alternative solution could be to add morphine to
lower local anaesthetic doses.

Prolongation of analgesia at the donor iliac
crest site could be obtained with a catheter (4, 7) or
by repeated injection (12) with a risk of lack of effi-
cacy and an increased added risk of infection (17).
Drug delivery systems such as bupivacaine-loaded
microspheres could be an interesting tool as sug-
gested for regional anaesthesia (8). Such implants
containing bone growth factor were previously used
to create an effective bone graft substitute for the
treatment of diaphyseal non-union in an experimen-
tal model (9). A significant difference in C max of
bupivacaine following the administration of the
same dose of bupivacaine (100 mg) compared
to human results (96 =87 ng.ml' and 638 +
366 ng.ml"’, respectively) was observed in sheep
model. The number of animal was too small (n = 4)
to allow comparison with the human study (plasma
concentrations scattering). However, this prelimi-
nary experimental study clearly shows that the
release of bupivacaine from microspheres was con-
trolled and prolonged despite the largest dose of
bupivacaine used (500 mg) allowing probably a sig-
nificant prolongation of analgesia in the iliac crest
site. Indeed, we previously showed that bupiva-
caine-loaded microspheres significantly increased
the duration of motor blockade (8) in a brachial
plexus sheep model (18). Similar results were
observed with epidural administration of ropiva-
caine-loaded microspheres (19). Such drug delivery
systems could be clinically interesting and could
allow an association with regional anaesthesia with-
out increasing the risk of systemic toxicity of local
anaesthetics.

CONCLUSIONS

Infiltration of iliac crest harvest sites with
local anaesthetics is an easy technique for postoper-
ative analgesia. However, its effect last only
12 hours and does not show any reduction of the
amount of morphine consumption in orthopaedic
patients. The local anaesthetics infiltration
produced a significant peak plasma level ; such
absorption must be taken into account if another
infiltration or regional anaesthesia techniques are
also used. Experimentally, local anaesthetic-loaded
microspheres seem to be an interesting alternative
to a catheter use to extend the beneficial effects of
single infiltration.
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