ICIinicaI Trial/Experimental Study

Medicine

Femoral nerve block for patient undergoing total

knee arthroplasty

Prospective, randomized, double-blinded study evaluating
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Abstract

N\

Background: The existence of peripheral opioid receptors and its effectiveness in peripheral nerve block remain controversial. The \
aim of this prospective, randomized, double-blinded study was to examine the analgesic effects of adding fentanyl to ropivacaine for
continuous femoral nerve block (CFNB) using patient-controlled analgesia after total knee arthroplasty (TKA).

Methods: The patients were divided into 2 groups, each with n=40 in ropivacaine (R) group and n=42 in R with fentanyl (R +F)
group. After operation, the patients in each group received R+ F and R alone via a femoral nerve catheter, respectively. We assessed
the visual analog scale (VAS) pain immediately before administration (baseline) and at 15, 30, and 60 minutes on postanesthesia care
unit (PACU), and resting and ambulatory VAS score up to 24 hours.

Results: Overall, the average VAS scores in the R+ F group were slightly lower than those of the R group. However, the VAS score
differences between groups were not statistically significant, except for 30 minutes (P=0.009) in PACU. R group showed higher
supplemental analgesics consumption in average compared with R+F group, but not significant.

Conclusion: Additional fentanyl did not show prominent enhancement of analgesic effect in the field of CFNB after TKA.

Abbreviations: ASA = American Society of Anesthesiologists, BIS = bispectral index score, CFNB = continuous femoral nerve
block, CNUHH = Chonnam National University Hwasun Hospital, FNB = femoral nerve block, PACU = postanesthesia care unit, PCA

= patient-controlled analgesia, TKA = total knee arthroplasty, VAS = visual analog scale.
Keywords: femoral nerve block, fentanyl, patient-controlled analgesia, total knee arthroplasty, visual analog pain scale

1. Introduction

Pain after total knee arthroplasty (TKA) is often particularly
severe and difficult to treat.!"?! Approximately half of TKA
patients experience extreme pain immediately after surgery.'™!
Extensive tissue damage in TKA may cause immediate changes in
the endocrine and nervous systems, thereby stimulating the
release of stress hormones, resulting in compromised immunity,
increased oxygen consumption, and a greater burden on the
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cardiovascular system.[! Moreover, recovery and early mobili-
zation can be delayed, resulting in longer hospitalization, higher
medical costs, and consequent increases in morbidity and
mortality.®~! Considering the substantial increase in the number
of TKA cases among the geriatric population, analgesia after
TKA is an especially serious problem.

Recently, femoral nerve block (FNB) has been recommended as
the technique of choice for postoperative pain management
following TKA!®”! because it provides equivalent analgesia to
epidural analgesia but with fewer adverse effects (than either
systemic or epidural analgesia).’>'"! Despite these benefits, the
local anesthetics used in FNB may produce unintentional femoral
quadriceps muscle weakness, which interferes with early ambula-
tion after TKA' and is associated with an increased risk of
falls."! Furthermore, a risk of local anesthetic toxicity, which
tends to increase in a dose-dependent manner, must be considered,
especially in elderly patients. Therefore, from a clinical perspective,
it would be valuable to evaluate effective adjuvants to reduce the
dose of local anesthetic in continuous femoral nerve block (CFNB).

Several animal studies have demonstrated that fentanyl inhibits
voltage-gated Na* channels™®! and discharge of C and A
nociceptors™ ! in the peripheral nerve, although the results for
the human peripheral opioid receptor have been mixed.>~18!
The data indicate that the analgesic mechanism of perineural
fentanyl differs from that of local anesthetics.

We postulated that adding fentanyl to a CFNB with
ropivacaine may improve pain scores compared with ropivacaine
alone following TKA.
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2. Materials and methods

This study used a prospective, randomized, double-blind design
and was performed at Chonnam National University Hwasun
Hospital (CNUHH), Hwasun, Chonnam (Korea), between
January 2015 and December 2015. The study was approved
by the Institutional Review Board (IRB, CNUHH-2014-141) of
CNUHH. Written informed consent was obtained from each
patient. The trial was prospectively registered at clinicaltrials.gov
(NCT02331576).

Patients who were scheduled to undergo unilateral, conven-
tional TKA utilizing cruciate-retaining knee components under
general anesthesia were evaluated for their eligibility. All
procedures were performed by the same surgeon (JK Sun).
Adults (more than 60 years of age) of American Society of
Anesthesiologists (ASA) physical status I to IT were enrolled in the
study. Subjects who were either allergic to the drugs (local
anesthetics and opioids), were ASA physical status Il or IV, had a
history of drug abuse, had cognitive dysfunction such as
dementia, and those in whom general anesthesia was contra-
indicated were excluded from the study.

The primary endpoint was the immediate postoperative pain
assessed by visual analog scale (VAS) in the postanesthesia care
unit (PACU), and the difference between pain scores at rest and
during ambulation on the nursing floor between ropivacaine
alone and ropivacaine with fentanyl infusions (delivered via
patient-controlled analgesia [PCA] using a femoral nerve
catheter). The secondary endpoints were opioid-induced side
effects (nausea/vomiting and hypotension), the use of supple-
mental analgesics (tramadol and meperidine) up to 24 hours after
surgery, and the length of hospital stay.

In the preoperative area, after standard vital sign monitoring,
all patients underwent placement of a femoral nerve catheter
(PlexoLongNanoLine; Pajunk Medical Systems, Tucker, GA) by
the same anesthesiologist (BH Heo). Catheter placement was
performed under ultrasound guidance using the out-of-plane
technique. The final catheter tip position was confirmed using a
nerve stimulator. Initial stimulation for catheter placement, with
1.5 mA of voltage, confirmed patellar snap; this was followed by
refinement with reduced voltage to detect any loss of patellar
snap (below 0.3mA) to avoid intraneural placement. To
confirm catheter function, all patients received 10mL 1%
lidocaine as a test dose and were checked for numbness and
temperature discrimination in the femoral nerve sensory
dermatome, as well as for motor weakness in all major muscle
groups.

The anesthetic regimen was standardized utilizing 1 to 2mg
preoperative midazolam as premedication and 2 mg/kg intrave-
nous (IV) propofol plus 0.5 pg/kg/min continuous infusion of
remifentanil for induction; 0.6 mg/kg rocuronium was used to
facilitate tracheal intubation, followed by desflurane and
remifentanil for maintenance of anesthesia. All patients were
monitored according to their bispectral index score (BIS) and
maintained at 40 to 60 BIS to ensure adequate perioperative
anesthetic depth. Hemodynamic stability was maintained as
indicated by a mean arterial pressure of 65 to 110 mm Hg and
urine output of more than 0.5 to 1mL/kg/h. Intraoperative
remifentanil was tapered at the beginning of skin suturing and
stopped at the end of surgery. After recovering spontaneous
respiration, the patients were moved to the PACU. Patients were
randomized into 2 groups using a computer-generated randomi-
zation scheme in the PACU. All study staff, except the study
pharmacist, were blinded to the study protocol until all data
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analyses were complete. After completion of enrollment and data
collection, the study pharmacist assigned blinded group numbers
for data analysis purposes.

The baseline pain score was assessed just after the patients
became alert and could recognize their names clearly. Patients
received a bolus of medications through a perineural catheter
(0.75% ropivacaine and 100 pg fentanyl in the treatment group
and 0.75% ropivacaine alone in the control group, 30 mL total
volume) followed by continuous drug administration via femoral
nerve PCA (3 pg/mL fentanyl with 0.75% ropivacaine in the
treatment group and 0.75% ropivacaine alone in the control
group [300mL total volume, basal rate 10 mL/h]). Patients who
complained of moderate or severe pain (VAS > 5) were given 50
mg tramadol IV, preferentially every 4 hours as needed, until a
VAS score of less than 5 was attained. Patients received an
additional 25 mg meperidine only in cases of continual moderate
or severe pain even after the tramadol injection. No other
adjuvant analgesics were given to the patients postoperatively.
Patients received 0.3mg ramosetron hydrochloride (Nasea;
AstellasPharma, Inc., Seoul, Korea) for the postoperative nausea
and vomiting.

We assessed the VAS scores immediately before (baseline) and
at 15, 30, and 60 minutes after, drug administration in the PACU,
and at rest and during ambulation on the nursing floor. Pain at
rest and during ambulation was assessed every 2 hours for the
first 12 hours, and then again at 16, 20, and 24 hours
postoperatively on the nursing floor. The doses of tramadol
and meperidine used in the PACU and on the nursing floor were
converted into a morphine dose according to the Opioid
Conversion Ratios—Guide to Practice 2010. The incidence of
opioid-induced adverse effects (nausea, vomiting, constipation,
and sedation) was recorded.

Sample size calculation was based on the difference between
the groups in VAS scores at each time point, which was the
primary outcome measure in this study. A 10-mm difference
in VAS score is generally accepted as the minimum margin for
clinical relevance.""! To detect this difference in a randomized
controlled trial at any time point, using an unpaired # test with
an alpha of 0.05 and a power of 80%, the suggested sample
size is 40 subjects per group. After dropouts, 50 subjects in
each group participated in the present study (i.e., the sample
size was increased by 25%). SPSS for Windows software (ver.
15.0; SPSS Inc., Chicago, IL) was used for the statistical
analysis. The repeated measure analysis of variance and
unpaired ¢ test were used to analyze the differences of VAS
scores between the groups in PACU and nursing floor,
respectively. The fisher exact test and x* test were performed
for categorical variables. Values were expressed as means+
standard deviation. P <0.05 was taken to indicate statistical
significance.

3. Results

The demographic data of the 2 groups were similar, and there
were no significant differences between the groups in sex ratio,
age, ASA physical status, body mass index, or length of hospital
stay (Table 1). Eighteen of the initially recruited subjects were
excluded from the main analysis (12 due to a protocol violation
and 6 due to catheter failure). No serious adverse drug reactions
were reported in either group.

Figure 1 illustrates the VAS scores of both groups at different
time points. There were significant VAS score decreases in both
groups over time (P<0.01 for both groups). In general, the
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Patient characteristics and hospital stay after operation.

R (n=40) R+F (n=42)
Male/female 9/31 10/32
Age, y 69.8 +£7.02 68.9+8.17
ASA physical status I/l 1/39 0/42
BMI, kg/m? 25.6+4.59 26.3+4.23
Hospital stay after operation, h 16.9+4.87 16.0+5.14

Values expressed as mean + standard deviation or number of patients. ASA = American Society of
Anesthesiologists, BMI = body mass index.

ropivacaine plus fentanyl (R+F) group showed insignificantly
lower VAS scores than the ropivacaine alone (R) group at 15 and
60 minutes. The VAS scores were significantly lower in the R+F
group compared with the R group at 30 minutes only (P=0.009).
There were no significant differences between the groups in
resting or ambulatory VAS scores on the nursing floor (Fig. 2).

Table 2 lists the patients with postoperative nausea or
vomiting, as well as those who required additional analgesia
with tramadol and meperidine in the PACU, and on the nursing
floor, for up to 24 hours after the operation. There were more
requests for additional analgesia in the R group in the PACU. In
total, 26 (65%) and 18 patients (45%) in the R group received
additional analgesia with tramadol only and supplemental
meperidine, respectively. In the R+F group, 24 (57%) and 12
(28%) patients received additional analgesia in the same manner.
After converting to a morphine dose, the R group showed higher
average morphine consumption compared with the R + F group in
the PACU, but the difference was not significant (5.3 £3.57 vs
3.8+3.57mg, P=0.074). On the nursing floor, although not
significantly, consumption of tramadol and meperidine was
lower, as was conversion to a morphine dose in the R+F group
compared with the R group (morphine consumption: 4.5 +4.48
vs 3.5+4.67mg, P=0.319).

In the majority of cases, the opioid-induced adverse effects
experienced by our patients included nausea and/or vomiting.
There was a higher incidence of nausea and/or vomiting in the R
+F group compared with the control group, but the difference
was not statistically significant (52.4% vs 37.5%, P=0.351).
Only 1 patient in the R+F group had constipation that was
regarded as an opioid-induced adverse effect.

4. Discussion

FNB with local anesthetics provides superior pain relief and
results in fewer side effects compared with conventional IV PCA

Postoperative nausea and vomiting, supplemental analgesics
requirement in PACU and nursing floor until 24 hours after
operation.

R (n=40) R+F (n=42) P
Patients experiencing nausea 15 (37.5%) 22 (52.4%) 0.351
or vomiting
Tramadol in PACU 26 (65%) 24 (57.1%) 0.167
Additional meperidine in PACU 18 (45%) 12 (28.6%) 0.044
Cumulative morphine in PACU, mg® 53+3.57 3.8+3.57 0.074
Cumulative morphine on 45+4.48 3.5+4.67 0.319

nursing floor up to 24h, mg"

PACU = postanesthesia care unit.
¥ Opioid Conversion Ratios—Guide to Practice 2010 http:/www.medicalcriteria.com/site/en/criteria/
67-oncology/259-oncop.html.
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Figure 1. Visual analog scale (VAS) score comparison at baseline, 15, 30, and
60 minutes in both groups on the postanesthesia care unit. There were
significant VAS score declines in both groups (P <0.05). Ropivacaine plus
fentanyl (R+F) group showed slightly lower VAS scores than R group at 15, 30,
and 60 minutes. R+ F group showed significant lower VAS score compared to
control group at 30 minutes. However, there were no significant differences of
VAS scores between groups at the other time points. ‘P<0.05 compared with
R group.

with opioids.'**23 Compared with epidural analgesia, FNB does
not induce motor blockade in the nonoperative leg, which
facilitates earlier ambulation. FNB also avoids the risk of epidural
hematoma, which is associated with the anticoagulants used to
prevent vascular thromboembolisms and has a lower risk of
postoperative hypotension and urinary difficulty.?*2¢! More-
over, FNB is relatively easy to perform and has a low risk of
complications. In the field of TKA, FNBs administered by either
continuous infusion or a single injection of local anesthetic
provide effective analgesia while minimizing the need for systemic
opioid therapy (and thereby reducing opioid-induced side effects
and facilitating early ambulation).®"" However, in a recent
Cochrane meta-analysis by Chan et al,!*°! compared with single-
shot FNB, a CFNB decreased the pain score, improved the
functional outcome, and reduced opioid consumption at 24 and
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Figure 2. Average pain score during ambulating and resting up to 24 hours
after operation on the nursing floor. Visual analog scale (VAS) score was higher
when mobilized than resting state in both groups. However, there were no
significant differences in VAS scores between groups at both of resting and
ambulating period.
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48 hours after TKA. These results indicate that a CFNB can offer
better analgesia and facilitate rehabilitation over 1 day
postoperatively compared with single-injection FNB.

Opioids have an antinociceptive effect on the central nervous
system.*”! In 1980, Fields et al'*®! identified the opioid receptor
as primarily being in afferent neurons in an animal model. Since
then, evidence has shown that opioid antinociception can be
initiated by activating peripheral opioid receptors.!'”>!8! Howev-
er, the presence of a peripheral opioid receptor in humans
remains controversial and there have been mixed results with
respect to adding opioids to local anesthetics for peripheral nerve
block. Several human studies found no effect of supplemental
opioids in peripheral nerve blocks. Fanelli et al'**! added 1 pg/kg
fentanyl to 0.75% ropivacaine for axillary brachial plexus block
and compared the quality of the block with that of 0.75%
ropivacaine alone. No differences were found between the groups
in onset time, intensity, or duration of nerve blockade. Similarly,
Magistris et al**! compared the combination of fentanyl 1 wg/kg
with 0.75% ropivacaine to 0.75% ropivacaine alone in a sciatic
FNB and found no differences in postoperative analgesia. On the
other hand, in a study by Nishikawa et al,’*!! 100 pg fentanyl
added to an axillary brachial plexus block significantly prolonged
the onset of analgesia and the duration of sensory blockade
compared with that of patients who received only local
anesthetics. The author explained these findings in terms of
decreased PH, and possible activation of peripheral opioid
receptors, caused by the fentanyl. In addition, a recent study by
Mangar et al compared the postoperative maximum voluntary
isometric contraction between single fentanyl and ropivacaine
administration via continuous femoral nerve catheter. The
authors chose to use a higher dose (3 wg/mL) of fentanyl because
prior studies failed to show any benefit from 1 ug/mL fentanyl.
Interestingly, this study found that even 3 pg/mL fentanyl used
alone in a CFNB helped to preserve quadriceps muscle tone and
achieved comparable analgesia to that seen with 0.75%
ropivacaine as well as superior analgesia to that of IV-PCA
fentanyl.'*?! However, in our pilot study, 3 pg/mL fentanyl did
not provide adequate analgesia compared with 7.5mg/mL
ropivacaine after TKA. We thought that the reason for the
discrepancy may have been that, since Mangar study primarily
aimed to analyze postoperative quadriceps muscle strength, the
sample size was too small (n=20 per group) to evaluate
differences in postoperative pain between the groups. Consider-
ing those results, we decided to use 3 pg/mL fentanyl as an
adjunct to local anesthetics, rather than using it alone, to evaluate
the synergistic effect of fentanyl in a CFNB.

The main findings of our study were that femoral nerve
catheter infusions of fentanyl with ropivacaine resulted in an
insignificant decline in the postoperative VAS score compared
to infusions of ropivacaine (except at 30 minutes) and also
decreased the mean supplemental analgesic dose. We tested
the hypothesis that the addition of an opioid may enhance the
analgesic effect of FNB according to a different mechanism to
that which underlies the action of local anesthetics. However,
we were unable to demonstrate statistically significant
differences in VAS scores after TKA at most of the time
points.

This study had several limitations that should be noted. First, in
many of our cases, the FNB produced adequate analgesia at the
incision site but not in the entire knee joint. Many patients
experienced various degrees of remnant pain, especially in the
popliteal area, even when the CFNB was effective. This was
thought to be due to the fact that FNB alone only covers the
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anteromedial aspect of the knee, whereas the posterior region is
innervated by the sciatic nerve. The remnant pain in the popliteal
area influences postoperative pain scores, as well as the frequency
of requests for supplemental analgesics. Therefore, our study
design can be considered as more appropriate for evaluating the
analgesic effect of opioids on the peripheral nerve, according to
postoperative pain scores, following femoral-sciatic nerve block
with different treatment regimens. Second, our study did not
evaluate the severity of degenerative changes or preoperative pain
in the knee joint. More severe degenerative changes in the knee
joint may increase preoperative pain and disability, and probably
also influence the extent to which joint correction can be achieved
by the operation (and thus the postoperative pain score). Third,
patients who complained of moderate or severe pain in both
study groups also received additional IV analgesics for pain
control due to ethical concerns. Thus, the role of fentanyl in
CFNBs may not be precisely represented by our results. Fourth,
for analysis of VAS scores at ambulation and rest in nursing floor,
statistical corrections for multiple comparisons were not
performed due to concerns about overcorrection, but the
possibility of type I errors remains such that the results should
be interpreted with caution (especially for the larger P values).

In conclusion, we were unable to demonstrate a definitive
antinociceptive effect of adding fentanyl to 0.75 % ropivacaine in
a CENB following TKA. However, on the basis of the
inconclusive outcomes of our trial, and given the evidence
produced by previous studies,*'*?! future investigations of
opioids as potential antinociceptive agents in peripheral nerve
blockade should be performed using more sophisticated study
designs.
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