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catheter type may not affect the risk of catheter tip migra-
tion when placed prior to knee arthroplasty.
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Short communication

There is a growing body of evidence in support of the 
adductor canal block for the perioperative pain manage-
ment of patients undergoing total knee arthroplasty (TKA) 
[1–5]. Unlike a femoral nerve catheter (FNC), placement 
of an adductor canal catheter (ACC) results in selective 
blockade of the saphenous nerve [6]. Clinically, this trans-
lates into less quadriceps muscle weakness and greater 
early ambulation while providing similar analgesia when 
compared to FNC [3, 7, 8]. Despite these patient benefits, 
the optimal timing of placement and catheter equipment 
remain unknown. For all perineural catheters, there is con-
cern for secondary block failure which is attributed to cath-
eter migration or dislodgement and may be as high as 26 % 
[9]. When patients undergo TKA, intrinsic to the surgery is 
intense intraoperative manipulation of the knee that has the 
potential to affect the final location of ACCs placed preop-
eratively. A previous study by our group has attempted to 
assess the extent of ACC tip migration for different types 
of catheters, tunneled and non-tunneled, using a cadaver 
model [10]. Although this study failed to demonstrate a 
difference in catheter tip migration or dislodgement, only 
the non-tunneled stimulating catheters (2 of 5) were dis-
lodged from the adductor canal after knee manipulation 
[10]. We therefore designed this follow-up study to test the 
hypothesis that greater ACC tip migration will occur with 

Abstract Use of adductor canal blocks and catheters for 
perioperative pain management following total knee arthro-
plasty is becoming increasingly common. However, the 
optimal equipment, timing of catheter insertion, and cath-
eter dislodgement rate remain unknown. A previous study 
has suggested, but not proven, that non-tunneled stimulat-
ing catheters may be at increased risk for catheter migration 
and dislodgement after knee manipulation. We designed 
this follow-up study to directly compare tip migration of 
two catheter types after knee range of motion exercises. In 
a male unembalmed human cadaver, 30 catheter insertion 
trials were randomly assigned to one of two catheter types: 
flexible or stimulating. All catheters were inserted using an 
ultrasound-guided short-axis in-plane technique. Intraop-
erative knee manipulation similar to that performed during 
surgery was simulated by five sequential range of motion 
exercises. A blinded regional anesthesiologist performed 
caliper measurements on the ultrasound images before and 
after exercise. Changes in catheter tip to nerve distance 
(p = 0.547) and catheter length within the adductor canal 
(p = 0.498) were not different between groups. Therefore, 
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stimulating catheters, as compared to flexible catheters, in a 
cadaver model simulating intraoperative knee manipulation 
during TKA.

With research committee approval (VA Palo Alto 
Health Care System, Palo Alto, CA) and IRB exemption, 
the perioperative conditions of TKA were simulated in an 
80-year-old male, 66 kg and 177 cm, unembalmed human 
cadaver. 30 catheter insertion trials (15 per leg) were ran-
domly assigned using a computer-generated stratified rand-
omization sequence (http://www.randomizer.org) to one of 
two groups: (1) a flexible epidural catheter (Arrow FlexTip 
Plus, Teleflex Medical, Research Triangle Park, NC); or (2) 
a stimulating catheter (Arrow StimuCath, Teleflex Medical, 
Research Triangle Park, NC).

Using our previously described technique [10], we 
enhanced the visibility of the flexible epidural catheter 
by inserting a 3 mm segment of metallic staple (Stanley-
Bostitch, East Greenwich, RI) into the distal catheter tip 
and sealed it with 2-octylcyanoacrylate glue (Dermabond 
Advanced, Ethicon, Somerville, NJ).

All ACCs were inserted by a single regional anesthe-
siology fellow using an ultrasound-guided short-axis in-
plane technique (Edge, Fujifilm SonoSite, Bothell, WA) 
[6]. Catheters were inserted at the mid-thigh [5, 6] without 
the use of hydrodissection. While the catheters were not 
tunneled, they were secured with a disposable clear trans-
parent dressing (Bioclusive, Systagenix, Gatwick, West 
Sussex, UK). After the best still ultrasound image dem-
onstrating the catheter tip was acquired and frozen, the 
ultrasound image was evaluated by an independent expert 
regional anesthesiologist. The expert was blinded to group 
assignment and performed caliper measurements (Edge, 
Fujifilm SonoSite, Bothell, WA), which were verified by a 
second blinded expert.

To simulate intraoperative patient manipulation during 
TKA, a second investigator then performed five sequential 
range of motion (ROM) exercises of the supine cadaver’s 
ipsilateral lower extremity from the knee/leg fully extended 
(0°) with the heel on the table to hip flexion (90°) and full 
knee flexion with the sole of the foot flat on the table. The 
same procedure for image capture and measurements was 
performed again, for a total of two sets of measurements 
per catheter insertion trial: one pre-ROM exercise and one 
post-ROM exercise.

The primary outcome was change in distance (cm) from 
the catheter tip to the center of the target nerve (Fig. 1), cal-
culated as the difference between baseline pre-ROM exer-
cise distance and post-ROM exercise distance. The second-
ary outcome was change in length of catheter (cm) within 
the adductor canal (Fig. 1), measured from the catheter 
tip to the intersection of the catheter and sartorius fascial 
plane, calculated as the difference between baseline pre-
ROM exercise distance and post-ROM exercise distance.

The sample size was calculated based on the means and 
standard deviations for non-tunneled flexible and stimulat-
ing catheter groups from a previous study [10]: 0.0 ± 0.1 
and 0.2 ± 0.2 cm, respectively. We estimated 15 trials per 
group to detect a statistically-significant difference in the 
same primary outcome assuming α = 0.05 and 80 % power.

Normality of distribution was determined using the 
Kolmogorov–Smirnov test. Continuous variables of nor-
mal distribution were compared using Student’s t test; all 
others were compared using the Mann–Whitney U test. 

Fig. 1  Sample ultrasound image collected during the study demon-
strating the sartorius muscle (SM), superficial femoral artery (SFA), 
catheter tip (white arrow), center of the target nerve (A), and intersec-
tion of the catheter and sartorius fascial plane (B); catheter tip (white 
arrow) to nerve (A) distance and catheter length within the adductor 
canal (white arrow to B) were measured in (cm) using the caliper 
function on the ultrasound machine (Edge, Fujifilm SonoSite, Both-
ell, WA)

Fig. 2  Change in catheter tip to nerve distance (cm) for the flexible 
(n = 15) and stimulating (n = 15) catheter groups; boxes represent 
25th–75th percentiles, and whiskers represent 10th–90th percentiles
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Differences in proportions were analyzed using the z test or 
Barnard’s exact test. P < 0.05 was considered statistically 
significant.

All 30 catheters were placed successfully on the first 
attempt; one baseline (pre-ROM) image was unfrozen prior 
to review and measurement, so the catheter was replaced 
according to the original group assignment. Changes in 
catheter tip to nerve distance [median (10th–90th percen-
tiles)] were 0.05 (−0.11 to 0.14) cm for the flexible group 
and 0.06 (−0.12 to 0.19) cm for the stimulating group 
(p = 0.547). Changes in catheter length within the adductor 
canal were 0.00 (−0.63 to 0.34) cm for the flexible group 
and −0.05 (−0.41 to 0.31) cm for the stimulating group 
(p = 0.498; Figs. 2, 3). One of 15 flexible epidural cath-
eters was dislodged out of the adductor canal compared to 
0/15 in the stimulating catheter group (p = 0.525).

The results of this cadaver study suggest that catheter 
type may not affect the risk of catheter tip migration for 
ACC when placed prior to TKA. Further, there was no 
increased association with dislodgement attributable to 
catheter type. In our group’s previous study, 40 % of the 
non-tunneled stimulating catheters were dislodged after 
knee manipulation [10]; while not statistically-significant, 
this finding as well as the trend toward increased migration 
with the stimulating catheter required additional study with 
adequate power given the previous study’s small sample 
size [10].

Lack of difference between the two catheters should not 
be interpreted as equivalence since the present study was 
designed for superiority. However, we can conclude that 
there is no advantage in using one catheter over the other in 
terms of tip migration. Therefore, anesthesiologists should 
consider other factors when choosing equipment for ACC. 

Not all ultrasound-guided perineural catheter insertion 
techniques are the same, and catheter type is best matched 
to the technique employed [11, 12]. Although stimulating 
and non-stimulating catheters have not been studied for 
ACC, previous studies have shown no benefit in using stim-
ulating catheters for femoral perineural catheters placed 
with ultrasound [13, 14] or without ultrasound [15, 16]. 
Cost is another consideration with stimulating catheters 
being generally more expensive than non-stimulating cath-
eters [17].

There are limitations to the present study. Despite 
designing the present study based on the previous study’s 
sample size estimate and following the same protocol, 
there were some differences that may have resulted in 
Type 2 error. While the same expert regional anesthesi-
ologist served as the primary blinded reviewer and per-
formed all caliper measurements for the present and pre-
vious [10] studies, personnel in other roles (e.g., catheter 
insertion, performance of ROM) differed due to schedul-
ing availability. In addition, the cadaver specimen used, 
although similar in height and weight, was not the same 
cadaver from the previous study, so this change may also 
have influenced our results. The cadaver specimen in the 
present study was also not obese, and we speculate that 
body mass index may influence the likelihood of perineu-
ral catheter migration. We acknowledge that live human 
tissues and cadaver tissues do not always respond in the 
same way [18], and the cadaver model we employed did 
not reproduce the actual conditions of TKA surgery, fac-
tors which may limit the generalizability of our findings. 
Unfortunately, the echogenicity of commercially avail-
able catheters used in regional anesthesia remains limited 
[19], and the tip of the catheter is difficult to visualize and 
differentiate from the rest of the catheter without modifi-
cation [10, 20]. Modification of the catheter as performed 
in the present study precludes its use in clinical practice, 
making it impossible to perform the same study in actual 
patients. Finally, the results of this study are limited to the 
ultrasound-guided short-axis in-plane technique and cathe-
ter equipment described [6, 10]. Other catheter models with 
varying elasticity [21, 22] or insertion techniques [23, 24], 
including placement location and course, may generate dif-
ferent results.

In summary, this cadaver study suggests that, for both 
flexible and stimulating catheters placed preoperatively 
within the adductor canal, dislodgement rate is low fol-
lowing the simulated intraoperative ROM exercises associ-
ated with TKA. Catheter type may not influence migration 
of the catheter tip away from the target nerve when using 
an ultrasound-guided short-axis in-plane technique. How-
ever, future studies involving other catheter types, alterna-
tive insertion techniques, and cadaver specimens of varying 
body habitus are warranted.

Fig. 3  Change in catheter length within the adductor canal (cm) for 
the flexible (n = 15) and stimulating (n = 15) catheter groups; boxes 
represent 25th–75th percentiles, and whiskers represent 10th–90th 
percentiles
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