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Background and Objectives: Experimental nerve block in animals inhibits the inflammatory response. The
purpose of this study was to determine to what extent a 48-hour local anesthetic block of all afferent and
efferent nerve fibers of the knee area has an impact on postoperative inflammatory response.

Methods: Twelve patients scheduled for primary total knee arthroplasty received spinal anesthesia, and then
were randomly allocated to either patient-controlled analgesia with morphine (n = 6) or a combination of
continuous lumbar plexus and sciatic nerve blocks (continuous peripheral nerve block; CPNB) with ropivacaine
0.2% for 48 hours. Blood samples were collected before surgery and at 3, 8, 24, and 48 hours after surgical
incision to measure plasma glucose, serum insulin and cortisol, C-reactive protein, interleukin-6, and leukocyte
count. Pain visual analog scale at rest and on knee flexion were recorded and complications classified.

Results:  Visual analog scale was lower in the CPNB group at rest and on knee flexion on postoperative days
1 and 2 (P < .05). There were no ditferences in circulating levels of glucose, insulin, and cortisol. C-reactive
protein and leukocyte count were lower in the CPNB group (P < .05). There was a positive correlation between
the peak leukocyte count and the inflammatory markers (P < .03). Three patients in the patient-controlled

analgesia group and one in the CPNB group had complications requiring conservative management.

Conclusions:

Continuous lumbar plexus and sciatic nerve blocks with ropivacaine contribute to the attenu-

ation of the postoperative inflammatory response. Reg Anesth Pain Med 2008,33:17-23.
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urgery induces a complex neuroendocrine, in-

flammatory, and coagulation cascade response.!
The release of neurogenic substances from the sur-
gical area into the innervated tissues contribute to
the establishment of peripheral inflammation.2 This
can be accompanied by a marked systemic inflam-
matory response which, with time, impairs normal
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host defenses against infection thus delaying
wound healing.?

Total knee arthroplasty represents a major surgi-
cal stress, and is associated with a significant in-
crease in the postoperative circulating levels of
plasma hormones and inflammatory markers.* The
postoperative changes in interleukin-6 (IL-6) and
C-reactive protein (CRP) have been described over
a 7-day period, and while IL-6 concentration starts
to rise within the first 6 hours after the surgical
incision and reaches a peak at 24 hours, CRP con-
centration increases 24 hours after surgery and its
peak is between 48 and 72 hours.*>

Previous studies have shown that the neurogenic
inflammatory response can be attenuated by experi-
mental nerve section and nerve block, however the
latter has to be prolonged enough to minimize the
formation of edema in the area affected.¢ Prevention
of late hyperalgesia can be provided not only by the
preinjury block, but also by the postinjury block.”
Despite these promising animal data, previous hu-
man studies on the effect of neuraxial blockade
with local anesthetics on postoperative inflamma-
tory response yielded negative results.8
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Continuous block of the nerve fibers supplying
the knee area with local anesthetics has been
shown to provide excellent analgesia and accelerate
the recovery process after knee arthroplasty.1° It is
not known whether these benefits might be ex-
plained by the modulatory effect of the anesthetic
block on the inflammatory response. With this in
mind, the present physiological study was designed
to characterize the postoperative endocrine and in-
flammatory response in knee arthroplasty patients
receiving a peripheral nerve block of 48 hours du-
ration versus that in patients receiving intravenous
analgesia. Based on the results of animal investiga-
tions, this study’s hypothesis is that an anesthetic
block of all afferent and efferent nerve fibers sur-
rounding the knee attenuates the inflammatory re-
sponse.

Methods
Patients

This prospective randomized study was con-
ducted between October 2005 and July 2006. After
study approval by the McGill University Health
Centre Ethics Board, a written consent was ob-
tained from all patients. Twelve patients suffering
from osteoarthritis and scheduled for primary uni-
lateral total knee arthroplasty were identified at the
preoperative clinic. Patients with an American So-
ciety of Anesthesiologists physical status classifica-
tion of I or II, and older than 18 years, were in-
cluded in the study. Exclusion criteria were: history
of local anesthetic or morphine drug allergy, con-
traindication to the use of patient-controlled anal-
gesia (PCA) or peripheral nerve block (skin infec-
tion at puncture site, bleeding disorders), morbid
obesity (body mass index >40), neurological dis-
ease, chronic systemic inflammatory disease, diabe-
tes mellitus, and chronic use of corticosteroids, non-
steroidal anti-inflammatory drugs, or opioids. In the
preoperative clinic all patients were instructed in
the use of a visual analog pain scale (VAS; 0-10 cm)
with 0 representing no pain at all and 10 the worst
imaginable pain.

Anesthesia

Standard monitoring (pulse oximeter, electrocar-
diogram, noninvasive blood pressure) was applied
to all patients on their arrival in the anesthetic
room. A 20-gauge intravenous cannula was in-
serted in the antecubital fossa and exclusively used
for blood sampling. Another 16-gauge cannula was
inserted in the opposite arm and used for intrave-
nous fluid therapy and administration of perioper-
ative medications. Premedication was with intrave-
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nous midazolam 0.03 mg/kg. After intravenous
preload with 500 mL normal saline, the spinal block
was performed in the sitting position with either a
25- or 27-gauge Whitacre spinal needle at the L2-3
or L3-4 intervertebral space. After clear free flow of
cerebrospinal fluid, 12.5 mg of isobaric racemic bu-
pivacaine 0.5% was administered to achieve sen-
sory block (to cold and pinprick) at or above T10
dermatones. During surgery, sedation, if necessary,
was achieved with a continuous infusion of propo-
fol. Intravenous normal saline (0.9% NaCl) was
administered during surgery at a rate of 6 to 8
mL/kg per hour, and intraoperative normothermia
(36.0°C) was maintained with warming blankets.

Surgical Care

Surgery was performed during the morning
hours to avoid circadian endocrine variations. All
total knee standard replacements were performed
by the same surgeon. Intravenous cefazolin 2 g was
administered 20 minutes before surgery. A pneu-
matic tourniquet was positioned on the thigh be-
fore surgery and inflated up to 275 mm Hg. An
intra-articular drain was positioned by the surgeon
in the knee joint and removed on the first postop-
erative day.

Experimental Protocol

Upon arrival in the operating room, patients were
randomly allocated to PCA or peripheral continu-
ous nerve block (CPNB) using sealed envelopes.

PCA group. Upon arrival in the recovery
room, patients were connected to the PCA machine
set up to deliver incremental doses of 1 mg of
morphine, with a lockout of 7 minutes and no
background infusion.

Continuous peripheral nerve block (CPNB)
group. Before spinal anesthesia, stimulating cathe-
ters (Stimucath Arrow International, Reading, PA)
were placed adjacent to the lumbar plexus by the
posterior approach and sciatic nerve by the infra-
gluteal approach. The lumbar plexus!! and the sci-
atic nerve!? were identified with nerve stimulation
according to previously published landmarks. Re-
spectively, quadriceps contraction and foot motor
responses below 0.8 mA were elicited to ascertain
correct positioning of the stimulating catheters. The
combination of nerve blockade was aimed at pro-
viding complete sensory blockade of all aspects of
the knee area. Upon surgery completion, a loading
dose of lidocaine 2% with epinephrine 2.5 ug/mL,
0.5 mL/kg, was administered half in each catheter.
For continuous postoperative analgesia, ropiva-
caine 0.2% was administered at a rate of 8 mL/h
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(lumbar plexus) and 5 mL/h (sciatic nerve) for 48
hours.

Postoperative Care

Both groups received oral acetaminophen 650
mg every 6 hours, while nonsteroidal anti-inflam-
matory drugs were withheld during the study pe-
riod of 48 hours. Analgesia was adjusted to main-
tain a VAS below 3 at rest: In the PCA group, the
bolus dose was increased to 1.5 mg each 7 minutes,
if necessary. In the CPNB group, according to block
testing by cold, additional top-up boluses of 4 mL
ropivacaine 0.2% were given and the rate of the
infusion was increased up to a maximal of 20 mL
per hour for the total of the 2 catheters combined.
Patients were mobilized out of bed starting the day
after surgery, and the degree of knee flexion was
assessed daily by a physiotherapist. The CPNB and
PCA were discontinued after 48 hours and oral
medications, consisting of long-acting oxycodone,
oxycodone, and acetaminophen, were prescribed.

Data Collection

Data collection and blood sampling were started
before surgery and continued thereafter at 3, 8, 24,
and 48 hours after surgical incision for the mea-
surement of plasma glucose, serum insulin and cor-
tisol, CRP, IL-6, and white cell count. Tourniquet
time, length of surgery, 24-hour intra-articular
drain output, and length of hospital stay were re-
corded for each patient. Postoperative morphine
consumption was recorded only in the PCA group.
A research assistant and a physiotherapist unaware
of the study hypothesis assessed VAS at rest and on
knee flexion at 3, 8, 24, 48, 72, and 96 hours from
time of incision. Postoperative complications were
followed up to postoperative day 30 using the clas-
sification proposed by Dindo et al.!?

Analysis of Blood Samples

The blood samples were centrifuged within 30 min-
utes of collection, and plasma and serum were sepa-
rated and stored at —70°C for further analysis. Plasma
glucose was measured by glucose oxidase enzymatic
method, coefficient of variation 1.8% at 6.83
mmol/L and 1.9% at 13.8 mmol/L. Serum insulin
was measured by solid-phase, 2-site chemilumines-
cent immunometric assay, coefficient of variation
6.4% at 7.39 plU/mL and 5.3% at 300 pIU/mL.
Serum cortisol was measured by electrochemilumi-
nescence immunoassay, coefficient of variation
1.3% at 208 nmol/L and 1.1% at 1,268 nmol/L.
C-reactive protein (CRP) was measured by immu-
noturbidimetric assay, coefficient of variation 2.5%

at 5.76 mg/L and 0.76% at 150.1 mg/L. Samples of
IL-6 were analyzed using a commercial ELISA sys-
tem, working range 3 to 300 pg/mL, coefficient of
variation 6.4% at 17.2 pg/mL and 3.8% at 191
pg/mL. Leukocyte counts were determined by rou-
tine hematological methods.

Statistical Analysis

Area under the curve for CRP and IL-6 were
calculated using the trapezoid method. Data were
analyzed using SAS software (SAS Institute, Cary,
NC). Due to the small sample size and nonnormal
distribution of most of the parameters, nonpara-
metrical tests were applied in all comparisons. Con-
tinuous parameters were compared across groups
using the 2-sided Wilcoxon Kruskal-Wallis test.
Nominal data or ordinal data (VAS scores) were
compared using the y? analysis. A P value of less
than .05 was considered statistically significant.
Data are expressed as median and interquartile
range (IQ). The power calculation was based on a
previous prospective evaluation of the kinetic of
CRP after total knee arthroplasty.'* The peak CRP at
24 postoperative hours was 120 mg/L with a stan-
dard deviation of 20 mg/L. The study was aimed to
detect a 30% blunting of this CRP reaction with a
power of 0.8 assuming the same sigma with no
additional confounding parameters. The total num-
ber to enroll was 12 (i.e., 6 patients in each group)
to achieve the desired statistical power.

Results

There were no differences in anthropometric
characteristics and clinical data between the two
groups (Table 1). Postoperative knee drainage dur-
ing the first 24 hours was 595 mL (IQ 400-766 mL)

Table 1. Demographic Characteristics and Clinical
Data of the 2 Groups Studied

PCA (n = 6) CPNB (n = 6)
Gender (female/male) 2/4 3/3
Age (y) 74 (65-75) 69 (60-80)
Weight (kg) 74 (67-101) 74 (63-83)
Height (cm) 169 (165-173) 169 (164-178)
BMI 27 (24-34) 26 (21-29)
Surgery duration (h) .3(1.5-3) 1.5(1.4-1.6)
Duration tourniquet (min) 70 (49-85) 62 (46 74)
Postoperative morphine 54 (38-101)

consumption (mg)

Length of hospital stay 7 (7-9) 8 (6-8)

(days)

NOTE. Data are presented as median (interquartile range)
and n.

Abbreviations: BMI, body mass index (calculated as weight in
kilograms divided by the square of height in meters); CPNB, con-
tinuous peripheral nerve block; PCA, patient controlled analgesia.
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Table 2. Pain Visual Analog Scale of the 2 Groups

Studied
PCA CPNB
Day (n=6) (n = 6) P

VAS at rest

1 2(1-6) 1(0-2) NS

2 5(3-6) 2 (2-3) <0.05

3 3(3-4) 2 (2-4) NS

4 3 (2-4) 2 (2-4) NS
VAS on knee flexion

1 4(2-7) 1(1-2) <0.02

2 7 (6-7) 4 (3-6) <0.05

3 5 (5-6) 5 (4-6) NS

4 5 (4-6) 4(3-7) NS

NOTE. Data are presented as median (interquartile range).

Abbreviations: CPNB, continuous peripheral nerve block; NS,
not significant; PCA, patient-controlled analgesia; VAS, visual
analog scale.

in the PCA group, and 688 mL (IQ 591-712 mL) in
the CPNB group. No patient required blood trans-
fusion. Pain scores at rest and during knee flexion
are shown in Table 2. Pain relief was better on days
1 and 2 in the CPNB group.

Biochemical and Physiological Data

Markers of the neuroendocrine response to sur-
gery such as plasma glucose levels, serum cortisol
and insulin, heart rate, and body temperature were
comparable in both groups (Table 3). Although a
lower white blood cell count in the CPNB group
was not significant (Table 3), the average white cell
count during the plateau phase was 13.6 g/dL (IQ
10.5-17.3) in the PCA group versus 9.0 g/dL (IQ
8.3-10.1) in the CPNB group (P < .03). There was a

significant correlation between insulin concentra-
tion and IL-6 levels (r = 0.63, P < .05).

Baseline CRP and IL-6 were comparable in both
groups (Fig 1). Two patients in the PCA group had
baseline CRP values greater than 20 mg/L resulting
in large variability. CRP concentration in both PCA
and CPNB groups was raised at 24 and 48 hours
after surgery, with a lower increase in the CPNB
group. The area under the curve of the CRP levels
was lower in the CPNB group, 2,363 mg - h/L (IQ
2,009-2,914) versus 4,716 mg - h/L (IQ 3,129-
6,588) in the PCA group (P < .005). Although IL-6
was not significantly different between the two
groups, there was a tendency to lower IL-6 levels in
the CPNB group at postoperative 8, 24, and 48
hours. There was significant correlation between
the peak leukocyte count and peak IL-6 and peak
CRP (Fig 2).

Postoperative Complications

Three patients from the PCA group and one patient
from the CPNB group developed postoperative com-
plications during the first 30 postoperative days (not
significant). Two of these were directly related to sur-
gery (superficial wound infection and local effusion),
both of which responded to conservative manage-
ment. Urinary tract infection and deep vein thrombo-
sis were the other complications reported.

Discussion

The present findings show that continuous lum-
bar plexus and sciatic nerve blocks with local anes-
thetics significantly attenuated the postoperative

Table 3. Clinical, Metabolite, and Hormone Data of the 2 Groups Studied Before and After Surgery

After Surgery

Before

Group Surgery 8 h 24 h 48 h
White cell count (10%/L)

PCA 6.8 (5.1-8.4) 9.0(6.6-12.2)  18.0(11.8-24.7)  11.1(8.2-18) 9.0 (8.1-15.0)

CPNB 6.7 (6.8-7.4) 8.2(7.1-8.2) 8.1 (7.8-10.1) 8.4 (8.2-9.9) 7.0 (6.1-9.5)
Heart rate (beats/min)

PCA 67 (62-70) 64 (56-87) 63 (56-93) 74 (66-102) 79 (70-93)

CPNB 75 (63-81) 63 (58-74) 53 (53-78) 60 (59-80) 76 (60-87)
Body temperature (°C)

PCA 36.2 (36-36.5) 35.3(35-36.1) 36.4 (36.3-36.6) 37 (36.7-38) 37 (37-38.1)

CPNB 36.5 (36-36.9) 35.5 (34.3-36) 36.4 (36.3-36.8) 36.9 (36.5-37) 36.8 (36.7-37)
Glucose (mmol/L)

PCA 6.0 (4.8-7.8) 6.4 (5.9-7.1) 6.6 (5.6-9.4) 6.8 (5.4-8.9) 6.4 (5.6-8.7)

CPNB 5.6 (4.7-7.0) 5.4 (5.0-6.3) 6.8 (5.4-7.5) 7.1 (6.7-7.1) 6.1 (5.4-6.7)
Insulin (wU/L)

PCA 34 (27-40) 32 (16-83) 43 (14-76) 114 (70-187) 121 (74-226)

CPNB 37 (20-73) 29 (14-83) 55 (31-79) 117 (50-424) 51 (29-128)
Cortisol (nmol/L)

PCA 339 (221-675) 449 (171-777) 547 (409-700) 606 (400-90) 394 (317-535)

CPNB 530 (404-621) 297 (237-581) 758 (310-1000) 484 (203-678) 505 (227-728)

NOTE. Data are presented as median (interquartile range).

Abbreviations as in Table 2.
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Fig 1. Concentrations of (A) C-reactive protein (CRP) and
(B) interleukin-6 (IL-6), preoperatively (Pre-op), and post-
operatively, at 3, 8, 24, and 48 hours, in the 2 groups
studied. Error bars represent interquartile range. Black cir-
cles = PCA group; unfilled squares = CPNB group.

plasma levels of CRP when compared with systemic
opioids. In contrast, no difference was found in the
endocrine response between the 2 groups.

Surgical trauma induces an inflammatory state
characterized by the release of both pro- and anti-
inflammatory proteins. Proinflammatory cytokines
induce not only a local inflammation at the site of
injury, but also systemic responses such as tachycar-
dia, tachypnea, leukocytosis, and pyrexia.> Tissue in-
jury also induces a neuroendocrine stress response
involving primarily the hypothalamic pituitary axis,
adrenomedullary axis, and the parasympathetic ner-
vous system along with synthesis of acute phase pro-
teins in the liver.> Attenuation of the inflammatory
response can reduce injury-induced immunosuppres-
sion and is linked to functional recovery.'> Persis-
tently elevated concentrations of CRP and IL-6 fol-
lowing hip arthroplasty were found to be associated
with poor mobilization and rehabilitation.!®

The surgical area of the knee receives nerve fibers
from the lumbar plexus and sciatic nerve, with the
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femoral nerve, the obturator nerve, and the lateral
femoral cutaneous nerve supplying the anterior,
medial, and lateral areas of the knee, respectively,
and the sciatic nerve the posterior part. Continuous
nerve deafferentation of the surgical area was
achieved with local anesthetics for a period of 48
hours, accompanied by sensory block of the lower
limb. The pain intensity at rest and with movement
during the study time showed that the surgical area
was adequately blocked.

Intraplantar injection of carrageenan in rats has
been used as a model of localized inflammatory
pain with an evolution similar to the time course of
postoperative pain.'¢ The release of neurogenic
substances such as substance P and neurokinin A,
have been shown to facilitate the initial develop-
ment of peripheral inflammation, which triggers
systemic inflammation. The administration of local
anesthetics either directly in the nerve fibers or in
tissues adjacent to the inflamed area attenuates the
formation of edema. Gentili et al. reported that a
sciatic nerve block with local anesthetics of at least
6 hours duration in rats was associated with marked

A
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Fig 2. Relationship between peak leukocytes, and
(A) peak C-reactive protein (CRP), and (B) peak inter-
leukin-6 (11-6).
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reduction in inflammation and edema.!? This might
be explained by the prolonged interruption of neu-
ronal afferent activity, which is responsible for pro-
longed analgesia, and efferent activity, regulating the
liberation of neurogenic substances. Using the same
model of intraplantar injection of carrageenan, a neu-
rolytic nerve block of prolonged duration demon-
strated an attenuation of the systemic inflammatory
response.® Although we cannot strictly compare the
effect caused by an inflammogen injection in the skin
with the surgical model used in this study, it is plau-
sible to expect an equivalent humoral and neurogenic
inflammatory response.

An attempt to attenuate the markers of the in-
flammatory response using continuous intense epi-
dural blockade with local anesthetics has not been
successful,® implying that neuraxial deafferentation
is insufficient to prevent the development of pe-
ripheral and systemic inflammation. This is in con-
trast with the present study where the nerve block
significantly inhibited CRP and IL-6. Such differ-
ence might be explained by the fact that in the
present study all afferent and efferent fibers inner-
vating the surgical area were blocked. This prevents
primary and secondary hyperalgesia, while epidural
blockade could not provide adequate deafferenta-
tion. Therefore, neurogenic mediators liberated at
tissue level may have contributed to the develop-
ment of peripheral and systemic inflammation. Al-
though one might propose that the dense block
caused by the spinal local anesthetic would have an
effect on the inflammatory markers, it is unlikely
because the spinal block is of a short duration, and
insufficient to attenuate the establishment of hy-
peralgesia.

There has been some emphasis in explaining the
present findings on a neurogenic basis, but a sys-
temic effect of local anesthetic cannot be excluded;
in fact there is good evidence that local anesthetics
administered either systemically or locally modu-
late the inflammatory response in animals.!8 Tetro-
dotoxin-resistant sodium and other nonsodium
channels have been shown to mediate this effect.!®
Lidocaine protects vascular and endothelial smooth
muscle against cytokine-induced injury via lidocaine
action on adenosine triphosphate-sensitive potassium
channels.?° Sinclair et al. found that local anesthetics
suppressed metabolic activation and secretory func-
tion of leukocytes in a dose-dependent manner.2!

After surgery, leukocytes are mobilized into the
circulation under the influence of acute phase pro-
teins. These leukocytes accumulate at the inflamed
local site enhancing the local antimicrobial defense.
Leukocyte counts increased after surgery in both
groups with peak at 8 hours. There was a trend to a
higher leukocyte count in the PCA group, with a

significant correlation between the peak postoper-
ative leukocyte count and peak serum IL-6 and
CRP. The rise in leukocyte count was not accompa-
nied by high body temperature, and this might be
due to the use of acetaminophen, an antipyretic.

Perioperative inflammation and metabolic stress
are closely interlinked and give rise to a state of insulin
resistance, resulting in an exaggerated proinflamma-
tory and prothrombotic state. We observed a signifi-
cant rise in serum insulin levels following surgery in
both the groups that paralleled IL-6 levels, with sig-
nificant correlation between peak levels of serum in-
sulin and IL-6, as previously described,?? indicating
the importance of serum insulin as a marker of both
inflammation and metabolic stress.??

As there appears to be an association between in-
flammatory response and postoperative morbidity,*1©
it was decided to observe postoperative complica-
tions during the first 30 postoperative days by using
the classification of Clavien.!*> which has been val-
idated in a large population (over 6,000 patients).
There were 3 patients in the PCA group with post-
operative complications (wound infection, wound
hematoma, and urinary tract infection) and 1 in the
CPNB group (deep vein thrombosis). The severity of
all of them were classified as Clavien 1 or 2 and
responded to conservative management.

It is recognized that the small number of patients
represents a limitation of this study; nevertheless it
illustrates the importance of establishing an associ-
ation between inflammatory response and postop-
erative outcome as measured by morbidity and not
by length of hospital stay. The latter, commonly
used as a measure of outcome is influenced by the
health care system, the administrative culture, pa-
tients’ expectations, and availability of family and
community support.

In conclusion, the results of this physiologic study
confirm that knee arthroplasty induces a distinct
inflammatory response, which can be attenuated by
a prolonged block of all the nerve fibers supplying
the knee area. There is a need to determine in a
large population whether this anesthetic technique
impacts on postoperative morbidity and accelerates
functional recovery.
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