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Abstract

Background Femoral continuous peripheral nerve blocks

(CPNBs) provide effective analgesia after TKA but have

been associated with quadriceps weakness and delayed

ambulation. A promising alternative is adductor canal

CPNB that delivers a primarily sensory blockade; however,

the differential effects of these two techniques on func-

tional outcomes after TKA are not well established.

Questions/purposes We determined whether, after TKA,

patients with adductor canal CPNB versus patients with femoral

CPNB demonstrated (1) greater total ambulation distance on

Postoperative Day (POD) 1 and 2 and (2) decreased daily opioid

consumption, pain scores, and hospital length of stay.

Methods Between October 2011 and October 2012, 180

patients underwent primary TKA at our practice site, of

whom 93% (n = 168) had CPNBs. In this sequential ser-

ies, the first 102 patients had femoral CPNBs, and the next

66 had adductor canal CPNBs. The change resulted from a

modification to our clinical pathway, which involved only a

change to the block. An evaluator not involved in the

patients’ care reviewed their medical records to record the

parameters noted above.

Results Ambulation distances were higher in the adductor

canal group than in the femoral group on POD 1 (median [10th–

90th percentiles]: 37 m [0–90 m] versus 6 m [0–51 m];

p \ 0.001) and POD 2 (60 m [0–120 m] versus 21 m

[0–78 m]; p = 0.003). Adjusted linear regression confirmed

the association between adductor canal catheter use and

ambulation distance on POD 1 (B = 23; 95% CI = 14–33;

p \ 0.001) and POD 2 (B = 19; 95% CI = 5–33; p = 0.008).

Pain scores, daily opioid consumption, and hospital length of

stay were similar between groups.

Conclusions Adductor canal CPNB may promote greater

early postoperative ambulation compared to femoral CPNB

after TKA without a reduction in analgesia. Future random-

ized studies are needed to validate our major findings.

Level of Evidence Level III, therapeutic study. See

Instructions for Authors for a complete description of levels of

evidence.
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Introduction

Clinical care pathways for patients undergoing joint

arthroplasty have been increasingly incorporating contin-

uous peripheral nerve block (CPNB) techniques for

postoperative analgesia [1, 8]. Besides offering pain relief,

clinical pathways using CPNB have demonstrated a

shortened time to functional recovery and decreased post-

operative adverse events [8]. Compared to single-injection

peripheral nerve block techniques, CPNB involves the

percutaneous insertion of an indwelling catheter (i.e., a

perineural catheter) in the proximity of a target nerve that

acts as a conduit for continuous perineural local anesthetic

infusion similar to an epidural catheter [7, 11]. Perineural

catheters extend the duration of analgesia provided by

peripheral nerve blocks, improving the quality of postop-

erative recovery while maintaining the selectivity for the

operative limb [11].

For major knee surgery including arthroplasty, femoral

perineural catheters are well proven to provide effective

postoperative analgesia [4, 14]. Recent studies of femoral

CPNB have shown that typical perineural local anesthetic

infusion doses produce clinically significant quadriceps

weakness when administered via catheters inserted using

conventional techniques [3, 6]. An alternative perineural

catheter site distal to the femoral triangle is the adductor

canal. The adductor canal is found in the middle 1/3 of the

thigh and runs from the apex of the femoral triangle proxi-

mally to the adductor hiatus distally. Because the adductor

canal consistently encloses the saphenous nerve and the

nerve to the vastus medialis, placement of a catheter within

the canal can potentially spare the major motor branches of

the femoral nerve while still providing effective pain relief

[19, 22]. While the adductor canal technique may preserve

quadriceps muscle strength compared to the femoral nerve

block in volunteers, the effects, if any, on postoperative

rehabilitation and discharge eligibility for actual patients

undergoing TKA still remain to be studied [19].

We therefore asked the following questions: After TKA,

do patients with adductor canal CPNB versus patients with

femoral CPNB (1) achieve greater total ambulation dis-

tance on Postoperative Day (POD) 1 and 2 and (2)

demonstrate decreased daily opioid consumption, pain

scores, and hospital length of stay (LOS)?

Patients and Methods

This retrospective cohort study was reviewed and approved

with waiver of informed consent by our affiliated univer-

sity’s institutional review board and local Veterans Affairs

(VA) Research Committee. Our institution is a tertiary VA

referral center providing care for all major orthopaedic sur-

geries with an active joint arthroplasty program. We

examined administrative, preoperative, and postoperative

data for a series of patients who underwent primary TKA

during the course of 1 year (October 2011 to October 2012),

6 months before and 6 months after a clinical pathway

revision that replaced femoral CPNBs with adductor canal

CPNBs (Fig. 1). Data were collected from VISTA, the VA

centralized electronic medical record. Our study inclusion

criteria were all patients who underwent unilateral TKA

during the study period, had either femoral or adductor canal

CPNB, and were admitted postoperatively to the primary

surgical ward. Patients were excluded who underwent an

additional significant surgical procedure besides unilateral

TKA (e.g., bilateral TKAs) or a different regional analgesia

technique.

During the period of study, 180 patients underwent

primary TKA at our practice site, of whom 93% (n = 168)

had a continuous peripheral nerve block. In this sequential

series, the first 102 patients had a femoral CPNB, and the

next 66 had an adductor canal CPNB. The adductor canal

group was comparable to the femoral group in key baseline

criteria: age (mean ± SD: 66 ± 10 versus 65 ± 9 years;

p = 0.44), height, weight, BMI (33 ± 7 versus 33 ± 6 kg/

m2; p = 0.76), American Society of Anesthesiologists

(ASA) classification, and surgery time (Table 1). There

was no difference in the median catheter placement time.

Based on prior literature and discussions among our

research group, we determined that a clinically meaningful

effect size for the adductor canal cohort would be twice the

ambulation distance compared to the femoral group [14,

19]. Our sample size calculation was as follows: using a

two-sided alpha error of 0.05 and an allocation ratio of 0.66

for the adductor group, we determined that a total of 88

patients would be required to achieve 80% power.

The perioperative management of all patients followed

our institutional TKA clinical pathway. Apart from the

change from femoral to adductor canal CPNB, the clinical

pathway did not vary in any other aspect during the period

of study. Preoperatively, all patients underwent insertion of

a perineural catheter, either in the adductor canal or in

proximity to the femoral nerve [22, 26]. These procedures

were performed either by an attending regional anesthesi-

ologist or a clinical regional anesthesia and acute pain

medicine fellow supervised one-on-one by an attending

regional anesthesiologist. Patients received moderate

sedation during the procedure titrated to comfort while

maintaining verbal responsiveness. All catheters were

placed using a technique described previously [22, 25]. In

brief, the target nerve was visualized in short axis with a

high-frequency 6- to 13-MHz ultrasound transducer

(HFL38, M-Turbo1; FUJIFILM Sonosite, Bothell, WA,

USA), and the placement needle was guided in-plane
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toward the target nerve. Approximately 20 mL mepiva-

caine 1.5% was injected into the appropriate compartment

to surround the target nerve via the placement needle; then

a nonstimulating flexible epidural-type catheter (Arrow1

FlexTip Plus1; Teleflex Medical, Research Triangle Park,

NC, USA) was advanced up to 3 cm beyond the placement

needle tip. Catheter tip location was confirmed by injecting

0.5 mL of air via the catheter under ultrasound [20]. After

catheter placement, onset of sensory anesthesia in the tar-

get nerve distribution was confirmed before the patients’

transition to the operating room.

Intraoperatively, all patients received general anesthesia, but

there was no standardization of anesthetic technique. Similarly,

there was no restriction on the selection and dosing of intra-

operative opioids; however, at our institution, opioid options

are limited to fentanyl, morphine, and hydromorphone. All

patients had tricompartment knee arthroplasty with patellar

resurfacing and PCL-substituting implants under tourniquet

control. A standard medial parapatellar approach (not a mini-

incision) was used. Some surgeons routinely everted the patella

while others did so only occasionally. Implants were either

cemented or had hybrid fixation (uncemented femoral com-

ponent). At the conclusion of surgery, all patients received

periarticular injections of epinephrine-containing ropivacaine

0.2% (150 mL) with ketorolac 30 mg divided equally within

the posterior capsule, retinacular layer, and subcutaneous tissue

per routine [25]. Postoperatively, in the postanesthesia care

unit, each perineural catheter was attached to a FDA-approved

portable infusion device (ON-Q C-bloc with ONDEMANDTM;

I-Flow Corp, Lake Forest, CA, USA) set to deliver an infusion

of ropivacaine 0.2% (basal rate of 6 mL/hour; patient-con-

trolled bolus of 5 mL; 30-minute lockout interval). Patients

were prescribed scheduled oxycodone, acetaminophen, and

diclofenac plus additional oral oxycodone and intravenous

morphine for breakthrough postoperative pain inadequately

treated with the perineural ropivacaine infusion/bolus. None of

the patients were prescribed intravenous opioid patient-con-

trolled analgesia per protocol. Full weightbearing was allowed

on the first postoperative morning, after the drain and urinary

catheter were removed. Continuous passive motion was not

used. Routine postoperative care on the surgical ward included

a standardized regimen for physical therapy. Starting on POD

1, the patients underwent twice-daily physical therapy sessions

consisting of transfers and ambulation with progression to stair

climbing. Patients ambulated with the assistance of a front

wheel walker but without the aid of a knee immobilizer on the

operative limb.

Our primary outcome was total ambulation distances

(meters) on POD 1 and 2 defined by the sum of the

ambulation distances for the two physical therapy sessions

on each day. Secondary outcomes included total daily

opioid consumption (morphine milligram equivalents),

pain scores at rest (numeric rating scale 0–10 where

0 = no pain and 10 = worst possible pain), and hospital

LOS (days). We also compared falls occurring during POD

1 and 2 between our two groups.

Descriptive statistics were performed, and normality was

assessed by the Kolmogorov-Smirnov test. Continuous

Fig. 1 A flow diagram shows how

patients were selected for this study.

After development of the base popula-

tion, patients were stratified by type of

CPNB: adductor canal versus femoral.
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variables were analyzed using Student’s t-test (normal dis-

tributions) or the Wilcoxon rank-sum test (nonnormal

distributions); categorical variables were compared using the

chi-square test or Fisher’s exact test when applicable (n \ 5 in

any field). We further examined the association between the

primary outcome on POD 1 and CPNB technique by per-

forming crude and adjusted ordinary least-squares linear

regression. Potential confounders such as age, BMI, ASA

status, perineural catheter insertion time, surgery time, and

surgeon were forced into the model. For our secondary out-

comes, we conducted repeated-measures ANOVA using a

within-subject covariance structure of compound symmetry.

All p values were two-sided, and a p value of less than 0.05

was considered statistically significant. We considered any

statistically significant findings regarding our secondary out-

comes as preliminary. STATA1 12.1 (STATA Corp, College

Station, TX, USA) was used for all analyses.

Results

The total ambulation distance was higher in the adductor canal

group than in the femoral group on POD 1 (median [10th–90th

percentiles]: 37 m [0–90 m] versus 6 m [0–51 m]; p \ 0.001)

(Fig. 2). The adductor canal group also achieved greater

ambulation distance on POD 2 (60 m [0–120 m] versus 21 m

[0–78 m]; p = 0.003). Adjusted linear regression confirmed

the statistically significant association between use of adductor

canal catheters and ambulation distance on POD 1 (B = 23;

95% CI = 14–33; p \ 0.001) and POD 2 (B = 19; 95%

CI = 5–33;p = 0.008). While increasing BMI was associated

with less ambulation on POD 1 in the adjusted linear regres-

sion, the effect of BMI on ambulation was small (B = � 0.81;

95% CI = � 1.55 to �0.07; p = 0.03). None of the other

potentially confounding variables we analyzed, including

surgeon (B = � 0.6; 95% CI = � 6.0 to 4.8; p = 0.82),

appeared to influence ambulation.

There were no differences between groups in our sec-

ondary outcomes for total postoperative opioid use on POD

1 or 2, pain at rest, or hospital LOS (Table 2). In addition,

there were four falls in the femoral group and none in the

adductor canal group (p = 0.15).

Discussion

Since the NIH issued a consensus statement in 2003

identifying the need for evidence-based approaches for

Table 1. Patient characteristics

Variable Femoral CPNB group (n = 102) Adductor canal CPNB group (n = 66) p value

Age (years)* 66 (10) 65 (9) 0.44

Sex (male/female) (number of patients) 98/4 61/5 0.32

Height (m)* 1.7 (0.1) 1.7 (0.1) 0.72

Weight (kg)* 101 (21) 101 (23) 0.98

BMI (kg/m2)* 33 (7) 33 (6) 0.76

ASA class (number of patients) 0.83

1 0 0

2 17 10

3 85 56

4 0 0

5 0 0

Time for CPNB placement (minutes) 15 (5) 16 (5) 0.24

Surgeon (number of patients) 0.62

1 27 26

2 38 22

3 8 4

4 11 3

5 10 9

6 6 0

7 1 0

8 1 2

Surgery time (minutes)* 105 (27) 105 (18) 0.9

* Values are expressed as mean, with SD in parentheses; CPNB = continuous peripheral nerve block; ASA = American Society of

Anesthesiology.
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rehabilitation after TKA, studies have focused on func-

tional outcomes after TKA [5, 14, 15, 23, 29]. Our study

builds on prior research to further emphasize the important

role of clinical analgesic pathways to promote early post-

operative ambulation for patients with TKA [8, 9, 11]. In

this single-center retrospective analysis of sequential

patients undergoing TKA over 1 year, patients receiving

adductor canal CPNB achieved greater ambulation distance

on POD 1 and 2 but showed no differences in opioid

consumption, pain scores, or hospital LOS compared with

patients receiving femoral CPNB.

This study had a number of limitations. First, conclu-

sions regarding causality should be approached cautiously

because the study was retrospective. However, our study

focused on the immediate postoperative period when the

analgesic and motor effects of CPNB catheters are most

relevant [10]. Second, there may have been selection bias

based on patient characteristics or scheduling variability

that may have affected how patients were treated in the

clinical setting [2]. We attempted to minimize this bias by

including consecutive surgical patients within the broad

time frame of 1 year. Our patients showed no differences in

key baseline characteristics. We also examined patients

who were managed as part of a clinical pathway in which

all other aspects of the clinical pathway (e.g., physical

therapy regimen, nursing care, analgesic medications)

remained constant during the study period. Moreover, it is

worth noting that this study focused on actual patients

undergoing TKA, instead of healthy volunteers, and the

comparison of a newer technique to an established standard

(i.e., femoral CPNB) [19]. Third, our results occurred

within the context of a particular, established clinical

pathway and therefore may not generalize well to hospitals

practicing without a similar clinical pathway [1]. Fourth,

our study comes from a single, university-affiliated VA

medical center with factors typical to that practice setting

(including a predominantly male patient population and the

involvement of residents in patient care) and so may not be

generalizable to every institution. However, the length of

observation under conditions of routine clinical practice and

management by multiple surgeons, a single surgery type,

and a cohort consisting of a sequential series of patients

support the external validity of our results. Fifth, we noted

that, while our femoral group showed a wide range (10th–

90th percentiles) of ambulation distance (0–51 m), the

median was 6 m. While we adjusted for this in our linear

models and while other studies have seen similarly sub-

stantial delays in ambulation owing to residual motor

effects of a femoral nerve block of this magnitude [19], it

certainly is possible to mobilize patients more effectively

who have motor nerve blockade using knee immobilizers

and assistive devices for ambulation. The fact that knee

immobilizers are not included in our postoperative physical

therapy protocol for patients undergoing TKA may have

increased the apparent effect size of the adductor canal

block. Sixth, our study did not evaluate quadriceps strength,

so no firm conclusions can be made between preservation

of muscle strength and functional outcomes. Finally, our

study was not designed, nor powered, to examine differ-

ences in the secondary outcomes. Therefore, the results of

these analyses should be interpreted as preliminary and not

conclusive.

Fig. 2 A graph shows ambulation distance determined at each

physical therapy session with two sessions each day, one in the

morning and one in the afternoon. Horizontal lines represent medians;

boxes represent 25th to 75th percentiles; whiskers represent 10th to

90th percentiles.

Table 2. Secondary outcomes

Variable Femoral

CPNB group

(n = 102)

Adductor

canal CPNB

group (n = 66)

p value

Total opioid usage* 0.72

POD 1 64 (45) 69 (39)

POD 2 53 (38) 51.2 (31)

Pain score at rest� 0.09

POD 1 AM 3 (3) 4 (3)

POD 1 PM 3 (2) 4 (3)

POD 2 AM 3 (3) 3 (2)

POD 2 PM 2 (2) 2 (2)

Length of stay (days) 4 (3) 5 (5) 0.80

Values are expressed as mean, with SD in parentheses; * morphine

milligram equivalents; � numeric rating scale of 0 to 10 where 0 = no

pain and 10 = worst possible pain; CPNB = continuous peripheral

nerve block; POD = postoperative day.
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We found that the use of adductor canal CPNB was

associated with an increase in ambulation distance on POD

1 and 2 compared to femoral CPNB. This increase is

clinically relevant, given the desire for early and effective

rehabilitation after TKA. Early ambulation after TKA has

been shown to help decrease deep venous thrombosis of the

legs, enhance muscle strength and gait control, and

decrease hospital LOS [21, 30]. Although the analgesic

benefits of CPNB in the setting of joint arthroplasty have

been shown previously, clinical studies demonstrate that

perineural local anesthetic infusions exert varying degrees

of analgesia and motor block at different anatomic sites

[11, 12, 14, 15, 17]. Recent studies of femoral nerve and

lumbar plexus catheters have shown that typical perineural

local anesthetic infusion doses produce clinically signifi-

cant quadriceps weakness when administered via catheters

inserted using conventional techniques [3, 6, 16]. Further,

there have been concerns raised regarding a potential link

between femoral nerve blocks and patient falls [6, 13]. We

observed four in-hospital falls in our femoral group and

none in our adductor canal group; however, our study was

not powered to detect a difference in this uncommon

complication between the treatment groups, so no statisti-

cal difference was observed. In-hospital falls can lead to

prolonged hospital stays with higher costs and are associ-

ated with more frequent postoperative complications,

including serious organ system dysfunction and death [27].

Since current local anesthetic medication options do not

offer selectivity of sensory over motor nerves, it is

important to optimize available technical options, includ-

ing catheter insertion location, to maximize patient

functional rehabilitation and other perioperative outcomes

and to minimize important side effects such as muscle

weakness [1, 18].

We found no difference between the two catheter

techniques in terms of our secondary outcomes: pain

scores, postoperative opioid consumption, and hospital

LOS. In theory, the selective adductor canal block should

provide a smaller distribution of sensory anesthesia and

analgesia compared to the femoral nerve block since the

femoral nerve often divides extensively as it passes the

inguinal ligament. Despite this concern for potentially

inferior analgesia with continuous adductor canal blocks,

direct comparison of pain scores did not demonstrate dif-

ferences between the two groups, and there were no

differences in total opioid use between groups on POD 1 or

2. We can only speculate that, if our study had been spe-

cifically powered to examine postoperative pain scores on

POD 1 and 2, then we may have detected a difference.

Adequate analgesia and functional achievement during

physical therapy are included in our institutional criteria for

discharge eligibility. Although patients receiving adductor

canal CPNBs ambulated further each postoperative day

compared to patients receiving femoral CPNBs with

similar analgesia, there was no difference in hospital LOS.

Previous studies have shown that a single adjustment in

regional anesthetic technique alone may not be sufficient

to impact actual LOS, and other factors may play an

important role [28, 31]. Since this study was not designed

with sufficient power for these secondary outcomes, we

should consider our results suggestive only [24]. Our

study builds on prior work demonstrating analgesic effi-

cacy of adductor canal CPNB to placebo and is one of the

first to compare these two CPNB techniques directly with

regard to functional outcomes in actual patients undergo-

ing TKA [22].

In summary, we found the perioperative inclusion of

adductor canal CPNB for patients undergoing TKA is

associated with an increase in total ambulation distance on

POD 1 compared to similar patients receiving femoral

CPNBs within the same clinical analgesic pathway. The

more distal catheter insertion site in the adductor canal does

not negatively affect analgesic efficacy when a multimodal

analgesic approach is employed. Future randomized studies

should be performed to validate our major findings.
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