EXPERIMENTAL AND CLINICAL STUDIES DENEYSEL VE KLINIK CALISMALAR

The effect of 3-in-1 femoral nerve block with ropivacaine
0.375 % on postoperative morphine consumption in
elderly patients after total knee replacement surgery
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OZET

Total diz protezi uygulanan yasli hastalarda % 0.375 ropivakain ile yapilan iigii bir arada femoral sinir
blogunun, postoperatif morfin tilkketimine etkisi

Ortopedik cerrahi operasyonlart i¢inde en agrili prosediirlerden biri total diz protezi (TDP) operasyonlaridir.
Calismamizda, TDP operasyonlarinda , 40 ml %0.375 ropivakain ile uygulanan preoperatif 3’el femoral sinir
blogunun (FSB), postoperatif hasta kontrolli analjezi (HKA) yontemi ile uygulanan morfin tiketimine etkisini
arastirmak amaclanmistir. Aynt zamanda, blogun yan etki insidansina etkisi de incelenmistir. Calismaya 34 hasta dahil
edilerek , grup R'ye (n=17), 40 ml, %0.375 ropivakain ile preoperatif donemde 3’el FSB uygulannustir. Grup S'ye
(n=17), blok uygulanmayip, operasyon bitiminden 30 dk énce 2 mg morfin ylkleme dozu olarak verilmistir. Her iki
gruba genel anestezi verilmis ve postoperatif donemde HKA uygulanmistir. Hastalarin VAS skalalari, total morfin
tikketimi ve yan etkileri not edilmistir. Her gruptan 2 hasta ¢alisma dist birakilmistir. Calismamizda postoperatif
0,1,2,3,4,6,8 saatlerde takip edilen VAS skorlart blok uygulanan grupta anlamli olarak diisiik bulunmustur (p<0.05).
Grup R uyanma odasinda ve postoperatif 8 saat boyunca hi¢ agri tanimlamazken, grup S VAS<3 dlizeyine postoper-
atif 1. saatte ulasabilmistir. Morfin ihtiyaci, grup R de 12., 18., 24., 48. postoperatif saatlerde anlamli olarak disik
bulunmustur (p<0.001). Yan etki insidanst da grup R de daha diisiik olarak tespit edilmistir. TDP ameliyat: gecirecek
olan yasli hastalarda, 40 ml %0.375 ropivakain ile uygulanan preoperatif 3’el FSB daha etkili analjezi, daha dusik
morfin tiketimi ve daha az yan etkiye sebep olmustur.

Anahtar kelimeler: Postoperatif analjezi, ti¢ti bir arada femoral sinir blogu, ropivakain

SUMMARY

Total knee replacement (TKR) is one of the most painful orthopedic surgical procedures. This study was aimed to
investigate the effect of a single-shot preoperative 3-in-1 femoral nerve block on postoperative pain by using 0.375%
ropivacaine, and on the consumption of morphine by using PCA following the TKR surgery. Side effects were also
evaluated in this setting. 34 patients were included in this study. Group R (n=17) received a 3-in-1 femoral nerve
block (FNB) with 40 mll of ropivacaine 0.375%. Group S (n=17) received only a 2 mg loading dose of morphine 30
minutes before the end of surgery, and no block was performed. Both groups received general anesthesia and post-
operatively had a PCA pump programmed to deliver morphine. VAS scores at rest, morphine consumption and
adverse effects were recorded. Two patients were excluded from each group. Pain scores at 0, 1, 2, 3, 4, 6, 8 postop-
erative hours were significantly lower in group R in resting position (p<0.05). Group R experienced no pain at the
recovery room and this state lasted 8 hours after the surgery while group S reached the acceptable score (VAS < 3)
one hour after leaving the recovery room. The morphine requirement was significantly lower in Group R at 12, 18,
24, 48 hr after TKR (p<0.001). Side effects were also lower in this group. Preoperative single-shot 3-in-1 FNB with 40
cc of ropivacaine 0.375% provides better VAS scores, less morphine consumption and fewer side effects in elderly
patients when compared to the group with no block.
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Introduction

Total knee replacement (TKR) is one of the most
painful orthopedic surgical procedures. Patients
undergoing TKR are commonly old and have lim-
ited cardiac and pulmonary reserves. The
increased sensitivity to drugs in the elderly also
necessitates choosing a method and agent with
minimal side effects for postoperative analgesia
(Priebe 2000). Postoperative pain relief can be
achieved by a number of techniques such as
intravenous (IV) patient-controlled analgesia
(PCA), epidural analgesia and lumbar and sciatic
nerve blocks. It has been demonstrated that
regional techniques provide better pain relief and
allow more complete and faster postoperative
knee rehabilitation than IV PCA with morphine
(Singelyn et al 2000, Singelyn et al 1998).
Compared with epidural anesthesia, “3-in-1”
block is associated with fewer side effects and is
an effective regional component of a multimodal
analgesic strategy after TKR surgery (Barrington et
al 2005). The relative potency of local anesthetic
solutions might further influence the doses and
volumes required to obtain the same clinical
effect. Ropivacaine is the most suitable local
anesthetic for the elderly as it has a low incidence
of cardiac side effects. Although some studies
report that increased local anesthetic volume
(Casati et al 2001) or various concentrations (Ng
2001), do not influence the quality of the block
and the analgesia duration when 3-in-1 FNB is
used for knee surgery, there are also studies
reporting the opposite (Wang et al 2002).

The aim of this randomized, blinded, prospective
study was to investigate the efficiency of a single-
shot, preoperative 3-in-1 femoral nerve block
using 40 ml of 0.375% ropivacaine in relieving
postoperative pain following TKR surgery. In this
setting, we also aimed to test the duration of anal-
gesia, rescue morphine consumption and side
effects in these patients compared with the con-
trol group during the 48-hour postoperative peri-
od.

Material and Method

After approval of the ethics committee and obtain-
ing written informed consent from the patients,
this prospective, randomized, two parallel group
study was performed on 34 patients aged 50-75
years, ASA status I-11I, scheduled to undergo one-
sided TKR surgery.

Agri, 18:4, 2006

During the preoperative visit, all patients were
instructed on the use of the PCA apparatus and
were also given detailed information about the
Visual Analogue Scale (VAS). Exclusion criteria
were age <50 or >75 years, weight <50 or >100
kg, undergoing tumor surgery or immunosup-
pressive therapy, preexisting peripheral neuropa-
thy or neurological deficits, allergy to local anes-
thetics, and inability to understand the pain scale
or patient-controlled analgesia (PCA) device
usage. All the patients were premedicated with
0.15 mg/kg diazepam and 0.015 mg/kg atropine
intramuscularly half an hour before the operation.
Standard monitoring was used during the study.
The patients were randomly divided into two
groups. Computer-assisted randomized treatment
assignments were contained in sequentially
ordered, sealed envelopes, which were opened
just before the 3-in-1 block was used. Group R,
n=17; The 3-in-1 femoral block was performed by
injecting 40 ml of 0.375 % ropivacaine before the
general anesthesia and 30 minutes before the
operation. Group S, n=17, received no peripheral
nerve blockade before general anesthesia. In the
present study sham block was not performed as it
was invasive procedure and was not approved by
ethics committee. Thirty minutes before the end
of the operation, 2 mg morphine was given intra-
venously (IV) to all patients as a loading dose and
an IV PCA device was connected in the postoper-
ative period. Group R received a 3-in-1 femoral
nerve block 30 minutes before operation. The
femoral artery was palpated and the inguinal lig-
ament and sulcus identified. After skin disinfec-
tion, 3 ml of 2% prilocaine was used for local
anesthesia. A 50 mm/22 gauge peripheral nerve
stimulator needle (Stimuplex-Canule A.B. Braun,
Melsungen AG, Germany) was then inserted at a
point 1 cm lateral to the femoral artery and 1 cm
inferior to the inguinal ligament. The femoral
nerve was identified by the quadriceps motor
reaction and patellar movement detected with 0.4-
0.5 mA impulses. After ensuring that no blood
was coming through with negative pressure aspi-
ration, 40 ml of ropivacaine 0.375 % was given to
the femoral nerve sheath. Distal pressure was
applied in order to increase the diffusion of the
local anesthetic. The existence of sensorial block
in the obturator and lateral femoral cutaneous
nerve dermatomes was tested by the pin-prick
test. All blocks were performed by two anesthesi-
ologists with substantial expertise in regional
anesthesia, and were assessed by an independent,
blinded observer. Patients with more than 80 %
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sensorial block in one dermatome (for the femoral
nerve, lateral cutaneous femoral nerve and obtu-
rator nerve) were accepted as having a successful
block.

Both groups were given general anesthesia. After
induction with 5-7 mg/kg thiopental sodium, 0.1
mg/kg vecuronium and 1 microgram/kg fentanyl,
anesthesia was maintained by the inhalation of
nitrous oxide/oxygen (50%) and sevoflurane.
Vecuronium and fentanyl were also used during
the surgery as needed. The consumption of opi-
oids and the patients’ hemodynamic findings
were recorded during the surgery.

Analgesic treatment was started in the postanes-
thesia care unit. Treatment was given for 48
hours. Intravenous PCA was applied with a pump
(Abbott Pain Manager; Abbott Laboratories, North
Chicago, IL) postoperatively. The PCA regimen
for both groups was 1 mg bolus with a 15-minute
lockout period. The morphine concentration was
0.3 mg/ml. Patients whose analgesia was inade-
quate received 1 mg boluses of morphine, every
10 minutes, until VAS was achieved 3 or less in
the postanethesia care unit. Demographic data
such as gender, age, ASA status, weight and
height and the duration of surgery were recorded.
The intensity of the pain of the patients was eval-
uated in the resting position only at 0, 1, 2, 3, 4,
6, 8, 10, 12, 18, 24, 36, and 48 hours. For VAS the
patients were asked to mark their pain on a 10 cm
scale that had 0 (no pain) at the beginning and 10
(worst pain) at the end. A VAS value <3was
accepted to be an adequate level of analgesia.
The amount of morphine consumed in the men-
tioned hours was recorded with the blood pres-
sure, pulse, pain scale value and side effects. The
patients were monitored for side effects (nausea,
vomiting, itching, dryness of mouth, sweating, uri-
nary retention, sedation, respiratory depression,
hypotension, tachycardia, hematoma in the inject-
ed area and infection) that could be caused either
by morphine or the nerve block. The teams
administering the anesthesia and monitoring post-
operative pain were blind to the study groups.
Cases where the respiration rate was below
10/min were defined as having respiratory
depression. Sedation was evaluated with a score
of 4; 1: awake, 2: reacting to verbal stimuli, 3:
reacting to the painful stimuli, 4: no reaction. A
heart rate below 50 beats/minute was accepted as
bradycardia and a decrease in the average arteri-
al pressure by 30% compared to the baseline
value was accepted as hypotension. Metoclopra-
mide 10 mg iv was given for vomiting, nausea and
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retching, phenyramine 5 mg iv for itching, nalox-
an 0.1 mg iv every 2-3 minutes until a response
was obtained for depression of respiration,
atropine 0.5 mg iv for bradycardia, and 1000 ml of
crystalloid infusion for hypotension followed by
ephedrine 2.5 mg iv if there was no response.

Statistical analysis

When power analysis was performed, a sample of
15 patients in each group was sufficient for a p
level <0.05 with 95 % power. Non-parametric tests
were used for the analysis between the two
groups, owing to the number of patients and the
characteristics of the distribution of the changes
compared. The Wilcoxon test was used for com-
parison within groups and p<0.05 was considered
significant. The “Chi Square Test” was used for
inter-group comparison of nominal values and
side effects whereas numeric values were com-
pared using the “Mann- Whitney U Test”. The data
were expressed in terms of the mean and stan-
dard deviation and a p value less than 0.05 was
considered significant.

Results

Two patients from group R had difficulty cooper-
ating. Two patients from group S had severe post-
operative hypotension that necessitated abortion
of morphine administration although it was
required for pain and removal of the patients from
the study.

Demographic and clinical values

The demographic and clinical values of the 30
patients involved in the study are shown in Table
1. No significant difference was noticed between
the groups in terms of sex, age, height, ASA,
weight and the duration of surgery (p>0.05).

VAS values

Average VAS values for both groups are shown in
Figure 1. In group R, the postoperative pain-free
period continued for 8 hours. VAS rest scores
were significantly lower in group R during the 0,
1, 2, 3, 4, 6, 8 postoperative hours (Figure 1)
(p<0.05). While VAS<3, considered to be an ade-
quate analgesia level, was reached at 0 min in
group R, it was reached one hour postoperatively
in group S. The highest average VAS value in the
block group was one.
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Table 1. Demographic and Clinical Values (Mean+ SD).

Group R Group S
n=15 n=15
Sex (F/M) 11/ 4 10/ 5
Age 64.3 £ 8.6 064.8 £5.2
Weight (kg) 81.2+ 17.1 76.9 + 15.9
Height (cm) 162.3 + 8.3 160.2 + 9.3
ASA (I/ID 14 /1 11/ 4
Duration of surgery (minutes) 102.5 £21.3 98.5 = 38.0

n: number of patients, F: female, M: male,

Group R: Preemptive 3-in-1 FNB group + IV PCA with morphine ; Group S: IV PCA with morphine.

ASA: American Society of Anesthesiologists physical status

Morphine consumption

There was a statistically significant difference in
terms of morphine consumption between two
groups at the 12th, 18th, 24th and 48th hours
(p<0.00D) with lower values in group R. The dif-
ference in total morphine consumption between
the two groups was statistically significant
(p<0.001) (Table 2).

Side effects

There were no complications during the applica-
tion of the 3-in-1 femoral nerve block. In group S,
8 patients had nausea, 6 had vomiting and 3 had
hypotension. The hypotensive patients recovered
with IV fluid treatment. In group R, only four
patients had nausea and all responded to treat-
ment.

Discussion

In this study the 3-in-1 femoral nerve block was
used preoperatively in elderly patients undergo-
ing total knee replacement with the aim of pro-
viding postoperative analgesia. We found that the
single-shot 40 ml 0.375 % ropivacaine used for the
block led to a significant decrease in postopera-
tive morphine consumption and was associated
with fewer side effects.

Preemptive nerve block has a part in postopera-
tive pain therapy and according to some recent
studies it can prevent the central hypersensitivity
that occurs as a result of surgical trauma. It has
also been suggested that preemptive analgesia
may prevent or decrease the pain memory that
develops in the nervous system following painful
stimuli (Wall 1988). Besides the mentioned advan-

Figure 1: Mean Pain Score + SEM (VAS: 0 to 10) values during postoperative 48 hours in both groups.

Pain Score (VAS)

—e— Group S —— Group R

10 12 18 24 36 48

Time (Hour)

* p<0.05
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Table 2: Morphine consumption of the groups: (Mean + SD).

Cumulative morphine Grup R Grup S
consumption (mg) n=15 n=15
12 th hour 4.7 £ 3.7* 255 +99
18 th hour 7.7 £59* 324 + 13.3
24 th hour 10.8 £ 6.7* 40.3+ 11.8
48 th hour 21.8 + 7.6 67.0 £ 13.6

*p<0.001

Grup R: Preoperative 3-in-1 FNB group, Group S: IV PCA group

tages, symptoms such as paresthesia or pain dur-
ing the block in the awake patient decrease the
risk of intraneural injection. Dermatomal innerva-
tions and motor blocks of the related nerves
(especially the obturator nerve) can also be better
evaluated in awake patients .

The sensorial innervations of the knee are pro-
vided by the lumbar plexus (LP) and the sacral
plexus (SP) (Williams et al. 1995). Whether lum-
bar or sacral components are more effective in the
sensorial innervations of the knee is unknown.
The results of our study, as reported by other
studies, indicate that lumbar plexus blockage is
adequate by itself to provide analgesia in TKR
surgery.

Another question is the degree of analgesic effi-
ciency of the obturator nerve blockade for TKR
surgery. Mc Namee et al (2002) asserted that it
was beneficial while Kaloul et al (2004) stated that
obturator nerve blockade did not make any dif-
ference. Macalou and Truech (2004) have indi-
cated that obturator nerve blockade is inadequate
as some patients continue to have pain following
total knee replacement although sciatic nerve
block is added to 3-in-1 femoral nerve block.
They have added isolated obturator nerve block
to a 3-in-1 femoral nerve block and compared this
with a 3-in-1 femoral nerve block. The group with
the added obturator nerve block had lower mor-
phine consumption values and VAS scores. The
postoperative monitoring period was six hours
and the VAS values were determined during rest.
The amount of local anesthetic used was 25 ml of
bupivacaine 0.5 % and lidocaine 2 % for FNB and
7 ml of the same mixture for the obturator block
(Macalou and Truech 2004). In the present study
40 ml ropivacaine 0.375 % used for the 3-in-1 FNB
led to a significant increase in morphine con-
sumption and VAS values compared to the control
group. This may be due to the high volume of
anesthetic we used. Wang et al (2002) have
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obtained a similarly effective postoperative anal-
gesia with 40 ml of 0.25 % bupivacaine. The qual-
ity of the nerve block has been linked to the vol-
ume of the local anesthetic used in many articles.
Higher volumes of local anesthetics may therefore
lead to better obturator nerve blockade values.
The 3-in-1 femoral nerve block depends on the
advancement of a high volume of local anesthet-
ic to the proximal lumbar plexus within the nerve
sheath and the simultaneous blockage of the
obturator nerve and lateral femoral cutaneous
nerve together with the femoral nerve at this time.
Lang and Yip (1993) reported the rate of obtura-
tor nerve retention as 4 % whereas in Singelyn et
al’s study (1996) this percentage was as high as
40 %-55%. Although bupivacaine was used in
both studies, the quantity was 30 ml for Lang and
Yip’s (1993) study and 40 ml for Sigelyn et al’s
study (1996). The YaDeau JT et al (2005) study
combined preoperative 3-in-1 FNB with spinal-
epidural anesthesia and found more effective
analgesia in the group with block at the 6th post-
operative hour. The preoperative 3-in-1 FNB led
to a significant decrease in the amount of mor-
phine used at every interval measure for 48 hours
postoperatively.

Local anesthetics can be given as a single-shot or
by continuous infusion for 3-in-1 FNB. We pre-
ferred the single shot 3-in-1 FNB technique
instead of a continuous block. Administering a 3-
in-1 FNB is easy and has a low neurological com-
plication rate (3/10309 cases) (Auroy et al 2002).
We did not experience any technical difficulties or
complications. Ropivacaine is a long-term local
anesthetic and has a favorable profile when com-
pared to bupivacaine, another long-term anes-
thetic. Ropivacaine causes less central nervous
system and cardiovascular system side effects
than intravenously injected bupivacaine. No toxic
effects have been reported with up to 250 mg of
ropivacaine infused at 10 mg/min and that it caus-
es 25% less cardiovascular toxicity compared to
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equivalent bupivacaine doses (Scott et al 1989).
Regional anesthesia with ropivacaine therefore
provides an added advantage as it is possible to
use it in large quantities. We decided on a ropi-
vacaine dose of 150 mg, less than the toxic dose.
This amount of ropivacaine provided a continu-
ous pain-free period for 8 hours postoperatively
in almost all the cases. Marhofer et al compared
ropivacaine 0.5%, 20 ml and bupivacaine 0.5 %,
20 ml, for 3-in-1 FNB: the success of the block
was 84 % in the ropivacaine group and 92 % in the
bupivacaine group. They reported similar onset
time and quality of sensory block with both local
anesthetics (Marhofer et al 2000). We did not
experience an unsuccessful block in the present
study with 40 ml ropivacaine at a 0,375% con-
centration. The high rate of block success was
due to several reasons. First of all, the block was
localized correctly by using a peripheral nerve
stimulator. The volume and dose of the local
anesthetic was relatively high and we applied
pressure distal to the injection area. We thus
ensured adequate proximal spread of the local
anesthetic in the femoral sheath.

While some state that sciatic nerve blockade
should be used in addition to FNB for TKR
surgery (Cook et al. 2003), some believe it is
unnecessary (Allen et al. 1998). In this study we
did not use sciatic nerve blockade as it would
mask perioperative nerve damage due to the
lengthened tourniquet time and a possible com-
partment syndrome findings (Bromage 1993). We
achieved fairly successful results without SNB.

It may be necessary to continue analgesia in the
postoperative period in order to obtain preemp-
tive analgesia. PCA with IV morphine is an effec-
tive postoperative analgesia method (Spetzler et
al. 1987). Multimodal analgesia to decrease side
effects and provide more effective analgesia is
currently preferred. Nonsteroidal anti-inflammato-
ry drugs have been combined with central and
peripheral blockers to this effect (Barrington et al.
2005). Considering that peripheral and central
sensitization will continue as long as stimuli con-
tinue to come from the surgical region, continu-
ing analgesia in the postoperative period is essen-
tial for successful preemptive analgesia. We there-
fore followed the preemptive analgesia with 3-in-
1 FNB block with postoperative PCA. In our study
we preferred IV PCA, as it is less invasive and
much easier to monitor. The 48-hour consump-
tion of morphine in the block group was approx-
imately one-third the amount of the other group.
No pain was felt for 8 hours starting from awak-
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ening. The consumption of morphine was on
average 21 mg compared to 67 mg in the other
group. The results of the first pain evaluation in
the recovery room provided a mean VAS value of
5 for the non-block group with the value reaching
3 an hour later. The group with block had VAS
values below 3 at the first evaluation with the dif-
ference statistically significant.

In conclusion, preoperative 3-in-1 FNB using
0.375% ropivacaine together with postoperative
opioid administration is an effective method for
postoperative analgesia following TKR surgery
and decreases the side effects, increases the qual-
ity of analgesia, is easy to use and has a low com-
plication rate. Furthermore, 3-in-1 FNB using a
0.375% ropivacaine and morphine combination
possesses a more favorable tolerability profile
than morphine and thus also represents an attrac-
tive alternative for the treatment of severe acute
pain in elderly patients as well.
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