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ABSTRACT

Background: By targeting the distal branches of the femoral nerve in the mid-thigh, the adductor canal block (ACB) can pre-
serve quadriceps muscle strength while providing analgesia similar to a conventional femoral nerve block (FNB) for inpatients
undergoing major knee surgery. In this randomized, double-blind, noninferiority trial, the authors hypothesized that ACB
provides postoperative analgesia that is at least as good as FNB while preserving quadriceps strength after outpatient anterior
cruciate ligament reconstruction.

Methods: A total of 100 patients were randomized to receive ACB or FNB with 20 ml ropivacaine 0.5% (with epinephrine).
The authors sequentially tested the joint hypothesis that ACB is noninferior to FNB for cumulative oral morphine equivalent
consumption and area under the curve for pain scores during the first 24 h postoperatively and also superior to FNB for post-
block quadriceps maximal voluntary isometric contraction.

Results: The authors analyzed 52 and 48 patients who received ACB and FNB, respectively. Compared with preset nonin-
feriority margins, the ACB-FNB difference (95% CI) in morphine consumption and area under the curve for pain scores
were 4.8 mg (-12.3 t0 2.7) (P = 0.03) and -71 mm h (-148 to 6) (P < 0.00001), respectively, indicating noninferiority of
ACSB for both outcomes. The maximal voluntary isometric contraction for ACB and FNB at 45 min were 26.6 pound-force
(24.7-28.6) and 10.6 pound-force (8.3-13.0) (P < 0.00001), respectively, indicating superiority of ACB.

Conclusion: Compared with FNB, the study findings suggest that ACB preserves quadriceps strength and provides non-
inferior postoperative analgesia for outpatients undergoing anterior cruciate ligament reconstruction. (ANESTHESIOLOGY

2016; 124:1053-64)

NTERIOR cruciate ligament (ACL) reconstruction
is one of the most frequently performed orthopedic
procedures.! The ability to perform ACL reconstruction on
outpatient basis is largely dependent on an effective analge-
sic regimen that minimizes the role of systemic analgesics

What We Already Know about This Topic

e Adductor canal block provides similar analgesia to femoral
nerve block after total knee arthroplasty but with less quad-
riceps weakness

® Rigorous comparison of these blocks after anterior cruciate
yet provides adequate postoperative pain control and elimi- ligament repair has not been reported
nates the need for overnight stay or readmission.> Femoral
nerve block (FNB) is an effective analgesic technique for
ambulatory ACL reconstruction®%; however, it weakens the
quadriceps muscle,” an outcome that is preferably avoided.
In addition, recent evidence of persistent strength deficits
in patients receiving FNB further underscores the need for

effective alternatives.®

What This Article Tells Us That Is New

e In a randomized trial of 100 subjects undergoing anterior
cruciate ligament, analgesia from adductor canal block was
not inferior to that from femoral nerve block, but quadriceps
muscle strength was superior
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Adductor canal block (ACB), a distal block of the femoral
nerve performed in the mid-thigh,” is becoming an attrac-
tive alternative to FNB as the peripheral nerve block of

choice for total knee arthroplasty.!” By virtue of the distal
anatomical location where it is performed, ACB offers an
important advantage, namely preserving the strength of the
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quadriceps femoris muscle,”!!

while providing pain relief to
the knee that is comparable to FNB.'> However, general-
izing these benefits of ACB to outpatient ACL reconstruc-
tion is problematic due to the differences in pain generators
between knee arthroplasty'>'4 and ACL reconstruction,'
as well as the unique requirements of short stay and imme-
diate mobilization? for outpatient ACL reconstruction.'®
Importantly, our understanding of the functional anatomy
within the adductor canal that is relevant to ACL reconstruc-
tion,”” including the relationship between the saphenous
17" remains limited.
Indeed, preliminary evidence from trials of ACB in the set-
ting of ACL reconstruction'®"

these studies suffer from several important methodological

and medial femoral cutaneous nerves,
is inconsistent; however,

shortcomings. Therefore, the question of potential analgesic
and motor-sparing benefits of ACB in the setting of ACL
reconstruction remains unanswered.

We believe that ACB would be the preferred technique
for ACL reconstruction if it provides postoperative analge-
sia that is at least as good as that of FNB, while preserving
motor strength around the knee. Therefore, this random-
ized controlled trial aims to test the joint hypothesis that
ACB provides noninferior analgesia, as measured by the
cumulative opioid consumption and pain scores during the
first 24 h postoperatively, and preserves quadriceps femoris
muscle motor strength compared with FNB in adult patients
undergoing ambulatory ACL reconstruction.

Materials and Methods

This trial received Research Ethics Board approval at
Women’s College Hospital (2012-0077-B) and was reg-
istered on www.ClinicalTrials.gov (NCT01791036; regis-
tered on February 12, 2013). The study was conducted
at Women’s College Hospital, an ambulatory center in
Toronto, Ontario, Canada, fully affiliated with the Uni-
versity of Toronto, between May 2013 and March 2015.
This study manuscript was compiled in accordance with
the Consolidated Standards of Reporting Trials (CON-
SORT) guidelines?*?! and the CONSORT extension for

noninferiority trials.??

Study Participants

We enrolled adult patients aged 18 to 50 yr, with American
Society of Anesthesiologists (ASA) physical classification
I to IT and body mass index 35kg/m? or less, who were
scheduled for elective unilateral ACL reconstruction. All
subjects provided written informed consent to participate
in this prospective, randomized, parallel-arm, patient-
and assessor-blinded, placebo-controlled, superiority
clinical trial. Patients were excluded in case of pregnancy;
significant psychiatric or mental disorders precluding
assessment; baseline neuropathy or neurological deficits
involving the lower extremities; chronic pain or require-
ment of 30 mg or greater oxycodone (or equivalent) daily;
nerve block contraindications, including coagulopathy
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or bleeding diathesis, local skin infections, and allergy to
local anesthetics; or any component of multimodal analge-
sia. Potential study participants were identified from indi-
vidual surgeons’ booking lists in advance of the surgery
date. During the preadmission clinic visit before the day
of surgery, the research coordinator interviewed eligible
patients, introduced the study, and provided an informa-
tion package describing the study procedures.

Randomization and Blinding

An investigator with no further involvement in the study
generated a list of random numbers in varying block sizes
by using an online computer randomization service (www.
Randomization.com). The unique randomization code
was used to randomize consenting study participants on
a 1:1 ratio with no restrictions to either of the two study
groups: ACB group or FNB group. The results of the allo-
cation were concealed in sealed opaque envelopes and kept
with the research coordinator. On the day of surgery, the
research coordinator handed an envelope to the attending
anesthesiologist or a directly supervised regional anesthe-
sia fellow in the block procedure room immediately before
administering the study block to the participant. The staff
anesthesiologist or fellow performing the block had no fur-
ther role in the study.

Preoperative Procedures

Oral acetaminophen 1,000 mg and celecoxib 400 mg were
administered to all study participants 1h before surgery,
unless contraindicated. IV access was secured and pulse
oximetry, blood pressure cuff, and electrocardiogram were
applied upon patient arrival to the block procedure room.
Patients received fentanyl 25 pg IV and/or midazolam 1 to
4mg IV for analgesia and anxiolysis, respectively, as needed,
before block performance.

Patient positioning for the block performance was identi-
cal regardless of group allocation. While lying supine, the
operative limb was externally rotated at the hip and the
knee was flexed. Block sites were similarly prepped using
chlorhexidine gluconate and isopropyl alcohol swabs in all
patients; and all blocks were performed using 20 ml ropiva-
caine 0.5% with epinephrine 1:200,000.

ACB Group. After sterile skin preparation with chlorhexidine
and skin infiltration with 1% lidocaine, a high-frequency
linear array transducer (6 to 13 MHz; SonoSite M-Turbo;
SonoSite™, USA) probe protected by a 3M Tegaderm® (3M
Health Care, USA) dressing was placed in the transverse
position on the medial aspect of the mid-thigh. This ACB
location has been shown to spare the innervation of the
quadriceps muscle.!'?>> The femoral artery, vein, and sar-
torius muscle were identified. The saphenous branch of the
femoral nerve is difficult to visualize, but it is usually located
within the triangular hyperechoic region bound by the sarto-
rius muscle superiorly, the vastus medialis laterally, and the
adductor muscles medially.” The ACB was performed using
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a 5- or 8-cm 22-gauge insulated needle (B. Braun Medical
Inc., USA) inserted in plane with the ultrasound probe and
advanced a lateral-to-medial approach undil the needle tip
was adjacent to the femoral artery, and 20 ml ropivacaine
0.5% with epinephrine 1:200,000 was injected in between
the femoral artery and the sartorius muscle in 5-ml aliquots
after negative aspiration.?® A sham subcutaneous injection of
0.5ml sterile normal saline injection was subsequently per-
formed at the FNB site using ultrasound guidance with trans-
ducer pressure intended to simulate a real block procedure.
FNB Group. After sterile skin preparation with chlorhexidine
and skin infiltration with 1% lidocaine, a high-frequency
linear array transducer (6 to 13 MHz; SonoSite M-Turbo)
probe protected by a 3M Tegaderm® dressing was placed par-
allel and slightly caudad to the inguinal crease and adjusted
as necessary to visualize the femoral nerve in short axis. The
femoral artery, vein, and iliopsoas muscle were identified.
The femoral nerve was sought within a triangular hyper-
echoic region, deep to the fascia iliaca, lateral to the femoral
artery, and superficial to the iliopsoas muscle. The FNB was
performed using a 5- or 8-cm 22-gauge insulated needle (B.
Braun Medical Inc.) inserted in plane with the ultrasound
probe and advanced a lateral-to-medial approach until the
needle tip was adjacent to the femoral nerve. Twenty mil-
liliter ropivacaine 0.5% with epinephrine 1:200,000 was
injected in 5-ml aliquots after negative aspiration for blood
to achieve a spread above the femoral nerve, below the fascia
iliaca. A sham subcutaneous injection of 0.5 ml sterile nor-
mal saline was subsequently performed at the ACB site using
ultrasound guidance with transducer pressure intended to
simulate a real block procedure.

Block Assessment. The blinded research coordinator per-
formed baseline and postblock assessment of the sensory and
motor blockade. Sensory blockade was assessed up to 30 min
by comparing to the nonoperative limb, whereas motor
blockade was assessed up to 60 min by comparing the opera-
tive limb to its own baseline.

Sensory assessment was performed every 5min using a
pinprick (25-gauge needle) applied to the sensory distribu-
tion of the saphenous nerve from medial aspect of the knee to
the medial mid-calf in comparison to the nonoperative limb.
The degree of sensory blockade was graded on a 3-point scale,
where a score of 2 was given for intact sensation, 1 for loss
of sensation to pinprick, and 0 for loss of sensation to light
touch. A block was considered successful if complete loss of
sensation (sensory score = 0) was achieved within 30 min
from the end of local anesthetic injection. If block success
was not achieved after 30 min, we reported block failure and
the corresponding data using an intention-to-treat approach.

Power assessment was performed every 15min using
a handheld isometric force electromechanical dynamom-
eter (MicroFET2; Hoggan Health Industries Inc., USA)
that allowed evaluating the variation in quadriceps femoris
motor strength (pound-force) in the operative limb during
knee extension compared with the baseline. Patients were
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seated upright at the edge of the stretcher with their thighs
horizontal and their legs dangling vertically relative to the
floor. The dynamometer was placed on the anterior aspect of
their operative leg, on the tibial crest, just above the ankle.”
Patients were instructed to extend their knee against the
dynamometer and to maintain the maximal force for 3s.
The maximal force was documented, and the mean of three
consecutive measurements was considered as representative
of the maximal voluntary isometric contraction (MVIC).
These postblock measurements were repeated every 15 min
up to 60 min before surgery, and the preserved percentage
of the MVIC when compared with baseline was calculated.

Intraoperative Care

Patients were transferred to the operating room after block
assessment, where standard monitoring including pulse
oximetry, electrocardiogram, blood pressure cuff, and a skin
temperature probe was applied. Patients were then adminis-
tered a standardized general anesthesia by a blinded anesthe-
siologist, including propofol 2 to 4mg/kg IV and fentanyl
1 to 3 ug/kg IV, followed by insertion of a laryngeal mask
airway. Patients were allowed to breathe spontaneously using
a 40:60 oxygen:air mixture with desflurane 5 to 7%. Supple-
mental analgesia was provided as needed in the form of fen-
tanyl 1 to 2 pg/kg IV and/or morphine 0.05 to 0.1 mg/kg IV
if heart rate and/or mean arterial pressure increased by 20%
above the measured baseline. Ondansetron 4 mg IV dose was
administered for postoperative nausea and vomiting (PONYV)
prophylaxis 30 min before the end of the case; dexametha-
sone use was avoided due to its potential confounding effect
on the block characteristics.?® No further local anesthetics
were injected into the knee joint or the site of harvested graft.

Postoperative Management

Postoperatively, patients were transferred to the postanes-
thesia care unit (PACU) and were subsequently discharged
home once they met the hospital discharge criteria.? Patient
request for additional analgesics or pain in the PACU,
defined as visual analog scale (VAS; 10-cm scale, where
0 = no pain and 10 = worst pain) pain severity score 4 or
greater, was treated with fentanyl 25 to 50 pug IV every 5 min
up to a total of 200 pg, followed by morphine 2 to 4 mg IV
to a maximum of 20 mg, or hydromorphone 0.2 to 0.4 mg
IV to a maximum of 3 mg, administered by blinded PACU
nursing staff. Once oral intake was allowed, patients were
able to receive oral analgesics, either Tylenol No. 3® (codeine
30 mg/acetaminophen 300 mg/caffeine 15mg; Janssen-
Ortho, Canada) or Percocet® (oxycodone hydrochloride
5 mg/acetaminophen 325 mg; Bristol-Myers Squibb, Canada)
if they were allergic to codeine, as needed. Discharged
patients received a prescription for Tylenol No. 3® or Per-
cocet® if intolerant to codeine to use for pain control, as
needed. PONV in the PACU was treated sequentially with
ondansetron 2 to 4 mg 1V, followed by dimenhydrinate 12.5
to 25 mg IV, and then metoclopramide 10 mg IV, as needed.
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Discharged patients were provided with a postoperative
home diary to document the time when they first experi-
enced pain at the surgical site; pain severity scores; analgesic
consumption; opioid-related side effects (nausea, vomiting,
itching, or constipation); and satisfaction with pain relief
received. The diary was returned to the investigators using a
prestamped, self-addressed envelope.

Follow-up

All study participants received a scripted phone call from the
research coordinator on postoperative days 1, 2, and 7 to
remind them to complete and return their home diary and
to inquire about any block-related postoperative neurologic
symptoms (persistent numbness or paresthesia, weakness, or
nonsurgical pain in the operative extremity). Any complica-
tions that were potentially block related were followed until
resolution.

Outcome Measures

We sequentially®® examined three primary outcomes: (1) the
cumulative 24-h analgesic consumption (converted to oral
morphine equivalent)®' at home; (2) the area under the curve
(AUCQ) for the postoperative rest pain severity VAS scores
measured at PACU admission, at 30, 60, 90, and 120 min,
and at 6, 12, and 24 h; and (3) the mean dynamometer read-
ing of MVIC during knee extension of the operative limb at
60 min postblock, as a measure of quadriceps femoris muscle
strength. Postblock presurgical assessment of MVIC was the
most realistic measure in the outpatient surgical setting as
postoperative movement restrictions and discharge preclude
postsurgical assessment.

Block-related outcomes included (1) block procedure
time, defined as time (minute) between applying the ultra-
sound probe to the patients skin and needle withdrawal
after local anesthetic injection; (2) block procedural pain,
reported by patients as no pain, mild—moderate pain, and
moderate—severe pain; (3) the difference in MVIC between
the two study groups at 15, 30, 45, and 60 min after nerve
block; (4) incidence of falls or near-falls during the first 24 h,
as reported by patients; and (5) incidence of postoperative
neurologic symptoms (persistent numbness or paresthesia,
weakness, or nonsurgical pain in the operative extremity) at
7 days postoperatively.

Analgesic outcomes assessed included (1) intraoperative
morphine equivalent requirements (milligram); (2) time
(minute) to first analgesic request; (3) time (minute) to
PACU discharge®; (4) postoperative pain severity (at rest)
VAS scores (centimeter) at PACU admission, at 30, 60, 90,
and 120 min, and at 6, 12, and 24 h; (5) interval postopera-
tive analgesic consumption during the PACU stay, at 24 and
48h, and at 7 days (converted to oral morphine equivalent)®!;
(6) incidence of PONV during the PACU stay and the first
24h postoperatively; and (7) patient satisfaction with anal-
gesia measured on a VAS (10-cm scale, where 0 = least satis-
fied and 10 = most satisfied) at 24 h postoperatively.
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Apart from assessment of block onset, which was per-
formed by the anesthesiologist administering the block, all
outcome data were collected by a blinded research coordina-
tor. To assess the success of blinding, all patients were asked

which block they think they had received.

Statistical Analysis

We aimed to test the hypothesis®® that ACB produces post-
operative analgesia that is at least as good as FNB while
maintaining quadriceps motor strength compared with
FNB. The choice of hypotheses and the specific order of
their testing were informed by our contemporary clinical
and anatomical knowledge of the interventions performed
and the outcomes measured. We recognized a priori that
(1) the ACB was unlikely to produce superior analgesia to
FNB in knee surgery®’; (2) neither opioid consumption nor
pain severity scores in isolation were sufficient measures®” to
demonstrate noninferiority of postoperative analgesia; and
(3) FNB per se may not provide sufficient analgesia in the
setting of ACL reconstruction.**?> Proving that ACB pro-
vides noninferior analgesia was thus a necessary prerequisite
before examining the effect on motor strength. We chose
the joint hypothesis testing approach with the serial gate-
keeping procedure described by Mascha and Turan.** We
sought to sequentially demonstrate that ACB was noninfe-
rior to FNB for postoperative analgesic consumption and
then for postoperative pain scores, followed by attempt-
ing to prove the superiority of ACB in preserving motor
strength. The serial gatekeeping technique allowed us to test
several hypotheses while maintaining the level of signifi-
cance (0) for the one-sided test of noninferiority at 0.025
and at 0.05 for the two-sided test of superiority provided
that each hypothesis in the series is proven before proceed-
ing to the next one.’®%

Institutional pilot (R.B., unpublished data, April 2012)
data from 12 patients undergoing ACL reconstruction with
FNB and using a multimodal analgesic regimen inclusive of
FNB with 20 ml ropivacaine 0.5% were used to power this
trial. We based our sample size estimate on testing the one-
sided ACB noninferiority hypothesis of the mean cumulative
oral morphine equivalent consumption at 24 h, our first pri-
mary outcome. Our institutional data suggest that the cumu-
lative oral morphine equivalent consumption for the first
24h postoperatively in patients undergoing ACL reconstruc-
tion is 41.5+19.6 mg. Considering a noninferiority margin
(A) of 25% (i.e., 10mg morphine), and assuming that the
true difference in 24-h oral morphine equivalent consump-
tion between the ACB and FNB treatment groups is 0%, a
power analysis using a type I error estimate of 5% (a = 0.05),
a power (1-f3) of 80% indicated that a sample of 45 patients
per group would be needed. To account for attrition resulting
from incomplete follow-up or dropout of recruited patients,
we chose to inflate the sample size by 10%. Consequently, we
aimed to enroll a total of 50 patients per group or a total of
100 patients for this study.
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Our pilot data suggest that the AUC of postoperative pain
VAS scores during the first 24h for patients who undergo
ACL reconstruction with FNB to be 743+312mm h.
Considering that a 30% relative reduction in AUC would be
3839 we selected a 25% relative reduc-
tion as a noninferiority margin (A). Assuming the true dif-
ference in AUC to be 0%, the above calculated sample size
provides 90% power for a one-sided test of noninferiority
using o = 0.05.

Our pilot data suggest that baseline quadriceps motor
strength in patients before receiving FNB is equivalent to
30.3+10.3 pound-force during MVIC. Based on evidence
that up to 19% difference in MVIC values between the
two lower extremities in the same individual is considered
normal, % we assumed that a 25% reduction in MVIC
at 60 min after a nerve block to be clinically significant.

Although other studies have considered a 50% reduction
44,45

clinically significant,

to be clinically significant,***> we felt that a much smaller
difference would be clinically relevant in the immediate
postoperative period after ACL reconstruction. As such,
the above calculated sample size provides 84% power at
o = 0.05 to detect this difference between the ACB and
FNB groups.

The SPSS for Windows statistical package (Version 22;
IBM, USA) was used in our calculations. We used the Kol-
mogorov—Smirnov test to confirm the normality of data
distribution. All of our analyses were performed using an
intention-to-treat approach. Continuous data are presented
as mean (SD) or mean (95% CI) and were analyzed by using
the Student’s 7 test. Categorical data are presented as num-
bers or percentages and were analyzed using the chi-square or
Fisher exact test, as appropriate. Ordinal data are presented
as median (95% CI) and were analyzed by using the Mann—
Whitney—Wilcoxon U test. We performed noninferiority
testing for a particular outcome by comparing the 95% CI
of the difference between groups ACB and FNB to the pre-
determined noninferiority margin (A) for this outcome. The
rest pain VAS scores are presented as AUC; the area was cal-
culated using the weighted mean over a fixed time (trapezoid
role) and analyzed by using the Mann—Whitney—Wilcoxon
U test. We used the Student’s paired ¢ test to analyze the
preblock and postblock motor strength comparisons within
the same study group. We used the Kaplan—Meier survival
analysis combined with the log-rank test for time-to-event
outcomes. The threshold of statistical significance (P value)
was set at 0.05, except if repeated measures of the same out-
come were performed, in which case the Bonferroni-Holm
correction was used.

Results

We assessed 286 patients for eligibility, of which 115 did
not meet the inclusion criteria, 69 declined, 1 had a change
of surgical procedure, 1 had a change in the anesthetic plan,
and 100 were recruited. Figure 1 depicts the CONSORT?%!
flow diagram of patient progress through the study. All
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enrolled patients were randomized (ACB group: n = 52;
FNB group: n = 48) and completed the study, and their data
were analyzed. Data were complete for the primary outcomes
assessed; only minimal secondary outcome data were miss-
ing. However, due to time constraints in the block procedure
room and/or operating theater, evaluation of the MVIC at
60 min was not feasible, and this measurement was omitted.
Enrolled patients had similar demographic characteristics,
and no clinically important differences existed between the
study groups (table 1). Block success was confirmed in all
study participants.

The difference (95% CI) in cumulative 24-h oral mor-
phine equivalent consumption between the study groups
(ACB-FNB) was -4.8 mg (~12.3 to 2.7). The upper CI of
the difference was significantly smaller (P = 0.03) than the
predetermined noninferiority margin (A = 10mg) (fig. 2).
Consequently, ACB was found to be noninferior to FNB in
cumulative 24-h postoperative analgesic consumption after
ACL reconstruction. Further testing of potential superiority
of ACB for this outcome found no difference between the
two study groups (= 0.21) (table 2).

Pain (rest) severity VAS scores for the two groups dur-
ing the first 24 h postoperatively were plotted over time to
examine the AUC (fig. 3). The difference in AUC between
the study groups (ACB-FNB) was -71 mm h (-148 to 6).
The upper CI of the difference was significantly smaller
(P < 0.00001) than the predetermined noninferiority mar-
gin (A = 186 mm h) (fig. 4). Consequently, ACB was found
to be noninferior to FNB in postoperative rest pain sever-
ity scores during the first 24h after ACL reconstruction.
Further testing of potential superiority of ACB for this out-
come found no difference between the two study groups
(P =0.07) (table 2).

Starting from similar quadriceps femoris baseline
strength in both groups (table 2), patients in ACB group
were found to have significantly greater motor strength
at 45min postblock, with an MVIC of 26.6 pound-force
(24.7-28.6) when compared with 10.6 pound-force
(8.3-13.0) (P < 0.00001) for the FNB group (fig. 5). The
decrease in quadriceps strength from baseline was statisti-
cally significant (paired ¢ test) for both groups, with a 21.8
and 67.5% relative reduction in the ACB and FNB groups,
respectively (table 2). In fact, patients in the ACB group had
superior motor strength, as measured by the MVIC, at all
of the time points examined, up to 45 min postblock. These
findings of our joint hypothesis testing indicate that ACB
provides noninferior analgesia up to 24h postoperatively
and preserves quadriceps muscle strength when compared
with FNB in patients undergoing ACL reconstruction.

Both study groups had similar intraoperative opioid
requirements as well as time-to-first postoperative anal-
gesic request; but the patients in the ACB group were
discharged from PACU 18 min earlier than those in the
ENB group (2 = 0.02) because they met the ambulation
requirements of the discharge criteria earlier (table 2).
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Assessed for Eligibility (n = 286)

Excluded (n =186)

Enrollment

Not meeting inclusion criteria (n =115)
Declined study (n =69)
Change of surgical procedure (n=1)

A4

Change of anesthetic plan (n =1)

Randomized (n = 100)

A 4

Allocation

A

ACB (n=52)
Received allocated intervention (n = 52)

FNB (n=48)
Received allocated intervention (n = 48)

\/

Follow-up

A 4

| Complete follow-up (n = 100) l

Analysis

A 4

Analyzed (n = 100)

Fig. 1. Consolidated Standards of Reporting Trials flow diagram showing patient progress through the study phases.

ACB = adductor canal block; FNB = femoral nerve block.

The postoperative rest pain severity VAS scores were sim-
ilar for both groups at all of the time points examined
(fig. 3) The postoperative interval oral morphine equiva-
lent consumption was also similar between the two groups
at all of the time points examined (fig. 6). There was no
difference between the two groups in the incidence of
PONYV during PACU stay or at 24 h after ACL reconstruc-
tion (table 2). The degree of satisfaction with postopera-
tive analgesia received was also similar between the two
groups. The proportion of patients providing the correct
answer to the question “which block do you think you
received” was similar between the two groups (table 2),
suggesting that the measures taken to maintain patient
blinding throughout the trial interventions were success-
ful. Three patients reported falls or near-falls after hospital
discharge in the FNB group when compared with none in
the ACB group; but the difference did not reach statistical
significance. None of the patients reported postoperative
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neurologic symptoms when contacted at 7 days after ACL
reconstruction.

Discussion

This study demonstrates that ACB is a superior analgesic
modality to FNB in patients undergoing ACL reconstruc-
tion as it provides postoperative analgesia that is as effective
as that of FNB while producing less weakness of the quadri-
ceps femoris muscle than FNB. Both the analgesic consump-
tion and pain control associated with ACB were noninferior
to those associated with FNB during the first 24 h postopera-
tively, whereas the quadriceps weakness produced by ACB
was significantly less compared with FNB.

In contrast to earlier work,'®%% our findings favor
the ACB in the setting of ACL reconstruction. Three
studies'®!>% have previously attempted to explore the
potential role of ACB in this population; however, each
had important design and methodological limitations. Two
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Table 1. Patient Characteristics
Adductor Canal Block Femoral Nerve Block

Parameters (N=52) (N =48) P Value
Age (yr) 31.6 (28.9-34.3) 33.3 (30.7-35.9) 0.36
Sex (female/male) 14/38 22/26 0.05
Height (cm) 171.8 (169.9-174.0) 172.4 (169.9-174.9) 0.16
Weight (kg) 81.3 (76.7-85.9) 79.4 (74.6-84.2) 0.56
American Society of Anesthesiologists physical status (I/I1) 43/9 35/13 0.24
Surgical side (left/right) 26/26 21/27 0.53
Duration of surgery (min) 153 (144.7-161.4) 146 (137.6-154.4) 0.24
Surgical procedure

Anterior cruciate ligament (ACL) reconstruction: ham- 34 37 0.2

string

ACL reconstruction: bone-tendon-bone 18 11 0.2

Values are expressed as the mean (95% ClI) or absolute numbers.

ACB Better

Non-inferior

FNB Better

T T

-15 -10 -5

0

5 10 15

Cumulative Morphine Consumption (mg) A

Fig. 2. Noninferiority diagram with the observed difference between the adductor canal block (ACB) group and the femoral nerve
block (FNB) group in cumulative 24-h oral morphine equivalent consumption. The dashed line designates the noninferiority
margin (A). The error bars designate the 95% CI of the (ACB-FNB) difference. The diagram indicates noninferiority of ACB for

the outcome examined.

trials performed blocks postsurgically!®!® while patients
were still under general anesthesia and did not ascertain
block success and not performed an objective assessment
of quadriceps motor strength. In the first study, Espelund
et al.'® found no analgesic benefits when ACB was com-
pared with placebo. Another major limitation of this trial is
that it was designed to detect large changes (50%) in pain
scores at a single time point (2h postoperatively) while
standing, in non—weight-bearing patients. Although opi-
oid consumption and AUC of rest pain scores were exam-
ined, the trial lacked sufficient power to detect differences
in these important outcomes. It is also noteworthy that
the pain severity scores reported at 2h in this study were
unusually low and not commensurate with the findings of
numerous other trials.*®>2 In the second trial, El AhlI"
compared ACB to FNB and observed similar pain scores
up to 12h postoperatively, yet he concluded that ACB
provided inferior analgesia based on differences in pain
scores and analgesic consumption that can be attributed
to the 12- to 24-h interval when both blocks would have
already worn off. Finally, a third trial involving a variety of

Anesthesiology 2016; 124:1053-64
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arthroscopic knee surgeries resorted to post hoc subgroup
analysis to tease out the analgesic benefits of postoperative
ACB during the first 90 min specifically after ACL recon-
struction and found ACB to be not better than placebo for
rest pain.?” Notably, patients undergoing ACL reconstruc-
tion with a hamstring graft were excluded from this study.

Our understanding of adductor canal anatomy, particu-
larly nerves relevant to ACL reconstruction, remains limited
and precludes an anatomically based theoretical assumption
of analgesic effectiveness of the ACB.!” For example, descrip-
tions of the anatomical communication between the saphe-
nous and medial femoral cutaneous nerves in the adductor
canal have been inconsistent.!”>> Furthermore, the posterior
branch of the medial femoral cutaneous nerve, which pro-
vides cutaneous innervation to the medial thigh and leg, may
not pass in the adductor canal in up to 40% of cases, whereas
its anterior branch, which provides cutaneous innervation
to the medial and lateral knee, is never part of the adductor
canal.'%17:53 As such, our trial provides much needed clinical
evidence regarding the functional anatomy of the adductor
canal relevant to ACL reconstruction.
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Table 2. Analgesic and Other Outcomes Results

Adductor vs. Femoral Blocks for ACL Repair

Adductor Canal Femoral Nerve
Outcomes Block (N = 52) Block (N = 48) P Value
Postoperative cumulative 24-h oral morphine equivalent consumption 39.6 (34.6 to 44.6) 44.4 (38.6 to0 50.2) 0.21
(mg)*
Area under the curve for postoperative visual analog scale (VAS) scores 657 (606 to 708) 728 (673 to 783) 0.07
during the first 24 h (mm h)*
Quadriceps motor strength
Baseline maximal voluntary isometric contraction (MVIC) (pound-force) 34.0 (32.1 to 35.9) 32.6 (30.3 to 34.9) 0.34
MVIC at 1h (pound-force)* 26.5 (24.5 to 28.5) 9.5(7.4t0 11.6) < 0.00001
Percentage reduction at 1h, % 221 70.8 < 0.00001
Paired t test (t critical) 10 3(2.0) 15.8 (2.0) Not applicable
Block procedure time (min) 0(5.2106.8) 7.06.1t07.9 0.1
Mild-moderate discomfort during block 4(7.7) 0 (0) 0.14
Intraoperative IV morphine equivalent consumption (mg) 19.9 (17.7 t0 22.2) 19.7 (17.5t0 21.9) 0.9
Time to first analgesic request (min) 100.0 (12.6 to 187.4)  83.0 (-6.1 to 172.3) 0.78
Time to postanesthesia care unit (PACU) discharge (min) 168.0 (158.0 to 178.0) 186.0 (174.4 to 197.6) 0.02
Incidence of postoperative nausea and vomiting
In PACU 8 (15.4) 14 (29.2) 0.1
At24 h 19 (36.5) 26 (54.2) 0.08
Incidence of falls and near-falls during the first 24 h 0 (0) 3(6.3)t 0.17
Patient satisfaction with pain relief at 24 h (VAS) 6.8 (6.1 to 7.5) 6.2 (5.4t07.0) 0.27
Incidence of postoperative neurologic symptoms at 1 week (n/N) 0(0) 0(0) 1.0
(numbness, paresthesia, weakness, or pain)
Correct answer to the question “which block do you think you received?” 26 (50) 24 (50) 1.0

Values are expressed as the mean (95% ClI) or absolute numbers (%). n/N is the percentage.

*Primary outcome. TTwo falls and one near-fall.
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Fig. 3. Plot of the mean and interquartile range of postoperative rest pain severity visual analog scale scores during the first 24 h
used for computing area under the curve. ACB = adductor canal block; FNB = femoral nerve block.

Our study is subject to several limitations. First, in terms
of outcome selection, we did not include an assessment of
posterior pain originating from the back of knee or the graft
site!”; neither FNB nor ACB may provide sufficient relief
to this component of pain.” In fact, clinical evidence sug-
gests that pain may occasionally arise in anatomical areas
innervated by the sciatic> and obturator®® nerves after ACL
reconstruction. Accurate assessment of such pain requires

Anesthesiology 2016; 124:1053-64 1060

thoughtful study designs that involve catheters and staged
treatment of each pain component, according to its source,
to permit isolation of the various contributors to pain.>’
However, in an attempt to explore the role of posterior knee
pain in our results, we performed post hoc analysis according
to the type of graft received; the results suggested no differ-
ence in pain severity between ACB and FNB (2 = 0.06). In

addition, our evaluation of overall the analgesic efficacy of
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Fig. 4. Noninferiority diagram with the observed difference between the adductor canal block (ACB) group and the femoral
nerve block (FNB) group in area under the curve for the postoperative rest pain severity visual analog scale scores for the
first 24 h postoperatively. The dashed line designates the noninferiority margin (A). The error bars designate the 95% CI of the

(ACB-FNB,) difference. The diagram indicates noninferiority of ACB for the outcome examined.
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Fig. 5. Effect of nerve block on quadriceps muscle strength, as measured by isometric dynamometer during maximal isometric
contraction. The mean and SD of the percentage of maximal voluntary isometric contraction (MVIC) preserved is examined up
to 1h postblock. Apart from baseline, the difference is statistically significant (P < 0.00001) at all time points (Bonferroni-Holm

correction). ACB = adductor canal block; FNB = femoral nerve block.

both blocks may have been limited by the lack of a control
group. We also did not evaluate the effect of either block on
the occurrence of rebound pain.’® Furthermore, our assess-
ment of quadriceps strength was limited to 45 min presur-
gery, and postsurgical assessment was not possible because
of immobilization and discharge. This precluded investigat-
ing any delayed-onset motor weakness after ACB as well
as the duration of motor blockade or persistent weakness®
in either group. Nonetheless, recent evidence suggests that
quadriceps weakness is caused by postsurgical pain as the
analgesic effect of the blocks subsides.®> We also excluded
assessment of hip adduction as both ACB and FNB have
been shown to similarly affect hip adduction.!"!? In the
absence of any formal postoperative strength testing, the

Anesthesiology 2016; 124:1053-64 1061

clinical importance of our postblock strength data remains
to be elucidated. However, we have recently demonstrated
that despite superior analgesia compared with placebo,
FNB causes an increased risk of falls in similarly young
healthy outpatients discharged using crutches after hip
arthroscopy.’® Finally, our results are applicable to the spe-
cific settings described in this trial and may not necessarily
be generalizable to different surgical procedures (e.g., revi-
sions, medial or posterior cruciate reconstruction, and men-
iscectomy), ACB injection locations (e.g., more distal),”

local anesthetic volumes,®

or other analgesic modalities
(e.g., infrapatellar saphenous block,! intra- and periarticu-
lar local anesthetic infiltration,®¢* hamstring block,'> and

fascia iliaca block®?).
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Fig. 6. Box plots (median and interquartile range) of the interval postoperative oral morphine equivalent consumption for the two
study groups. No statistically significant differences were detected (Bonferroni-Holm correction). ACB = adductor canal block;

FNB = femoral nerve block; PACU = postanesthesia care unit.

In summary, our trial suggests that ACB is a better option
compared with FNB in patients undergoing outpatient ACL
reconstruction as it provides noninferior postoperative anal-
gesia while preserving quadriceps motor strength.
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