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Is continuous catheter adductor canal block
better than single-shot canal adductor canal block
in primary total knee arthroplasty?

A GRADE analysis of the evidence through a systematic review
and meta-analysis

Changjiao Sun, PhD*®, Xiaofei Znhang, PhD®, Fei Song, PhD*®, Znhe Zhao, PhD*®, Ruiyong Du, MD*®,
Sha Wu, MD?*® | Qi Ma, PhD?*®, Xu Cai, PhD*"
Abstract \\
Background: The adductor canal block (ACB) has emerged as an alternative to the femoral nerve block (FNB) after total knee |
arthroplasty. This meta-analysis was conducted to investigate which ACB method provides better pain relief and functional recovery
after total knee arthroplasty

Methods: \We conducted a meta-analysis to identify randomized controlled trials involving single-shot adductor canal block (SACB)
and continuous catheter ACB (CACB) after TKA up to December 2019 by searching databases including the PubMed, Web of
Science, Embase, Cochrane Controlled Trials Register, Cochrane Library, CBM, CNKI, VIP, and Wanfang databases. Finally, we
included 8 randomized controlled trials involving 702 knees in our study. We used Review Manager Software and Grading of
Recommendations Assessment, Development, and Evaluation profiler to perform the meta-analysis.

Results: Compared with SACB, CACB can achieve better postoperative pain relief at 24 and 48 h both at rest and after mobilization,
lower amount of opioid consumption at 72 h, a shorter length of hospital stay (LOH) and larger range of motion (ROM). In addition, the
Timed Up and Go (TUG) test results; quadriceps strength; and incidence of complications, including postoperative nausea and
vomiting, DVT, catheter-related infections, catheter dislodgement and neurologic deficits, showed no significant difference between
the two ACB methods.

Conclusion: The results of this study demonstrate that CACB is an effective alternative to SACB and can provide better pain relief,
a shorter LOH, more degrees of maximum flexion and a lower amount of opioid consumption over time, but it provides a comparable
level of recovery of quadriceps strength and mobility with a similar risk of catheter-related complications. Thus, CACB may be a better
analgesia strategy than SACB after TKA at present.

Abbreviations: ACB = adductor canal block, CACB = continuous catheter adductor canal block, Cls = Confidence intervals,
FNB = femoral nerve block, GRADE = Grading of Recommendations, Assessment, Development, and Evaluation, OR = odds ratio,
PRISMA = Preferred Reporting Iltems for Systematic Reviews and Meta-analyses, RCTs = randomized controlled trials, RD = risk
difference, RR = risk ratio, SACB = single-shot adductor canal block, THA = total hip arthroplasty, TJA = total joint arthroplasty,
TKA = total knee arthroplasty, WMD = weighted mean difference.
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1. Introduction

While the femoral nerve block (FNB) has traditionally been the gold
standard for analgesia following TKA, the adductor canal block
(ACB), which is almost a pure sensory nerve block, has emerged as
an alternative to the FNB after total knee arthroplasty (TKA).1'=!
Compared with the FNB, the ACB provides at least equal if not
superior analgesia and is better at sparing the motor nerve supply to
most of the quadriceps muscle, thereby allowing early mobilization
and decreasing the risk for falls.>*%! Therefore, increasingly more
individuals agree that the ACB should be integrated into a
multimodal pain protocol to improve pain management after TKA.
However, the optimal duration to maintain the ACB is unknown.
Both the single-shot adductor canal block (SS-ACB) and continu-
ous catheter ACB (CACB), which maintains the infusion for 24 or
48h after surgery, have been shown to provide excellent
postoperative analgesia and to improve postoperative knee
rehabilitation in TKA patients.!®”! However, there is no consensus
regarding which way is more effective in relieving pain after TKA.
Some people think a continuous blockade of the adductor canal via
a catheter is a more logical choice since the average duration of
severe pain after TKA spans 2 to 3 days.""®! However, other people
have drawn different conclusions; they have reported that a similar
analgesia effect can be achieved with the single-shot ACB when the
duration of the single-shot block is extended over 12 h. Moreover,
the continuous catheters may be technically challenging to insert,
require additional expertise to both place and manage, and have a
high risk of inherent foreign body bacterial colonization (53 %)!""
and premature dislodgement before the end of the analgesia
process. Another argument against continuous infusion is that
longer blocks may lead to quadriceps weakness and an increased
risk of falls after TKA.">13! Therefore, we performed a meta-
analysis to evaluate the evidence from all of the highest-level
evidence-based (level I) studies that compared the SACB with
CACSB for patients undergoing primary TKA.
The outcomes included

1. the visual analog scale (VAS) pain score/NRS score at rest and
mobilization at 12, 24, and 48 h;

2. amount of opioid consumption at 24, 48, and 72 h;

3. rates of complications, including postoperative nausea and
vomiting (PONV), deep venous thrombosis (DVT), catheter-
related infections, catheter dislodgement and neurologic
deficits; and

4. other outcomes including quadriceps strength, ambulation
ability, range of motion (ROM), and length of hospital stay
(LOH) to assess the efficiency and safety of SACB and CACB
in patients undergoing TKA.

Furthermore, we also proposed recommendations for clini-
cians using the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) system.

2. Methods
2.1. Search strategy

Our systematic review and meta-analysis has been reported in
line with the PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses)!'¥ and AMSTAR (Assessing the
methodological quality of systematic reviews) Guidelines. The
systematic review and meta-analysis were prospectively regis-
tered on PROSPERO (International Prospective Register of
Systematic Reviews), and the registration number was
CRD42019130766. The GRADE system'™®! and Cochrane
Handbook™®! were used to assess the quality of the results
published in all included studies to ensure that the results of our
meta-analysis were reliable and valid. We identified randomized
controlled trials up to December 2019 by searching databases,
including the Web of Science, Embase, PubMed, Cochrane
Controlled Trials Register, Cochrane Library, CBM, CNKI, VIP,
and Wanfang databases, using the following terms: (TKA or total
knee replacement) AND (single ACB) AND (CACB). A flow chart
of the trial selection process is presented in Figure 1

2.2. Inclusion criteria

RCTs were included in our meta-analysis if they met the
following PICOS (patients, intervention, comparator, outcome,
and study design) criteria:

1. Patients: patients had received primary TKA.

2. Intervention: Patients received a single-shot ACB for TKA.

3. Comparator: Patients received a CACB for TKA.

4. Outcomes: The primary outcomes included the following:
VAS/NRS pain score! ! at rest and mobilization at 12, 24, and
48h; amount of opioid consumption (all opioids given were
converted to morphine equivalents) at 24, 48 and 72 h; rates of
complications, including PONV, DVT, catheter-related infec-
tions, catheter dislodgement and neurologic deficits. Second-
ary outcomes included the following: quadriceps muscle
strength, TUG test, '8 LOH, and degrees of maximum flexion.

5. Study design: RCTs.

We only included published clinical studies; the included
studies were required to have reported at least one outcome.

The exclusion criteria included observational studies, non-
RCTs, review articles, and studies with insufficient outcome data.

2.3. Data extraction

Two authors independently reviewed all titles and abstracts of
studies identified by the above searches. Full texts of any
potentially useful studies were reviewed, and disagreements were
resolved by discussion. We extracted the following data from the
included articles: authors, publication date, number of patients in
each group, demographic data of the participants including age,
sex, dosages, and kinds of anesthesia drug administered.

2.4. Risk of bias and quality assessment

Two authors independently assessed the risk of bias of the included
studies. According to the Cochrane Handbook for Systematic
Reviews of Interventions, we assessed the methodological quality
and basis of the included literature as follows: randomization,
allocation concealment, blinding method, selective reporting,
group similarity at baseline, incomplete outcome data, compliance,
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Figure 1. The search results and selection procedure.

timing of outcome assessments, and intention-to-treat analysis
(Figs. 2 and 3). Disagreements were resolved by the third author.
The quality of evidence of the outcomes was judged according to
the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) criteria. Two authors independently evalu-
ated five factors (risk of bias, inconsistency, indirectness,
imprecision, and publication bias) that may decrease the quality
level of the evidence. The recommendation level of evidence was
classified into four categories: high, moderate, low, or very low.
The results of the GRADE analysis are presented in supplemental
Figure 1, http://links.lww.com/MD/E250.

2.5. Dealing with missing data

For reports with incomplete and missing data, we attempted to
contact the author of the original reports to obtain additional

details and any missing data. All the data are presented as the
mean + standard deviation (SD) in our meta-analysis. If the data
were reported as the median and interquartile range, we
assumed that the median was equivalent to the mean and that
the width of the interquartile range was equivalent to 1.35
times the SD. In the study of Hozo et al,""*! the median can be
used to estimate the mean when the sample size is larger than
25. When the sample sizes were moderate (15 <n<70), the
formula range/4 was the best estimator for the standard
deviation. When the sample sizes were large (n>70), the
formula range/6 was the best estimator for the standard
deviation. When the data were reported in a graph, means+
SDs were estimated by Get Data software (version 2.22,
GetData Graph Digitizer, 2013). All the methods above were
used to calculate the means+SDs based on the Cochrane
Handbook for Systematic Reviews.
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Figure 2. The risk of bias graph of the included studies.

2.6. Statistical analysis and data synthesis

Meta-analyses were performed with Review Manager Software
for MAC. The mean difference (MD) or standard MD was used
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to assess the continuous outcomes, such as the VAS score,
amount of opioid consumption, quadriceps muscle strength,
TUG test results, LOH and degrees of maximum flexion, with a
95% confidence interval (CI). Relative risks with a 95% CI were
used to assess the dichotomous outcomes, such as the incidence of
complications, including PONV, DVT, catheter-related infec-
tions, catheter dislodgement, and neurologic deficits. We used the
I? statistic to estimate the heterogeneity among the studies, and
substantial heterogeneity was represented by an I* value >50%.
A fixed effects model was used if the heterogeneity test did not
reveal statistical significance (I < 50%, P>.1). Otherwise, we
adopted a random effects model. The inverse variance and
Mantel-Haenszel methods were used to combine separate
statistics. P<.05 was considered to be statistically significant.

3. Results

3.1. Excluded studies and search results

Initially, we identified a total of 98 citations from electronic journal
databases, 88 of which were removed by duplicate and primary
screening according to the titles and abstracts. After reading the full
texts of the 10 remaining studies in detail, we excluded three studies
that did not meet the inclusion criteria. Seven articles were assessed
for eligibility. In one article, Elkassabany et al*” reported outcomes
such as pain scores, opioid requirements, and LOH. In their study,
there were two subgroups comparing single-injection ACB with
CACB. In group B, the continuous catheter group corresponded to
the 24-h infusion group. In group C, the continuous catheter group
corresponded to the 48-h infusion group, so we divided the study
into two groups, Elkassabany (2019a) and Elkassabany (2019b).
Finally, we included 8 RCTs?%2¢! with 702 knees that compared
SACB with CACB in our meta-analysis. The detailed baseline
characteristics and general intervention information of the 8RCTs
are presented in Tables 1 and 2. All articles were published in
English and Chinese between 2015 and December 2019.

3.2. Results of the meta-analysis

3.2.1. Primary outcomes

3.2.1.1. VAS/NRS score at rest. Since the VAS and the NRS are
two similar pain scoring systems, we combined the scores of these
systems into one outcome for analysis. Five studies assessing 444
knees reported VAS scores within 12 h postoperatively. The data
showed that there was no significant difference between the two
groups (MD=0.62; 95% CI, —0.19 to 1.43; P=.13; Fig. 4). Six

Random sequence generation (selection bias) _
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Blinding of participants and personnel (performance bias) _:-
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Incomplete outcome data (attrition bias) _
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Figure 3. The risk of bias summary: review authors’ judgment of each risk of bias items for each included studies.
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The detailed baseline characteristics of included studies.

SACB/CACB
ASA grade (cases)
Cases Age (mean), Gender
Study (year) SACGB/CACB year (% male) | ] 1] Anesthesia Periarticular local infiltration
Elkassabany (2019a)?%  53/51 63.9/66.5 69.8/56.9 2/1 29/32  22/18  Spinal or general 60mL of bupivacaine 0.25% with 1/
anesthesia 200,000 epinephrine
Elkassabany (2019b)2%  53/52 63.9/62.2 69.8/65.4 2/2 29/34  22/16  Spinal or general 60mL of bupivacaine 0.25% with 1/
anesthesia 200,000 epinephrine
Canbek (2019)2" 60/63 67.1/66.9 16,7/23.8 53/60 7/3 0/0 Spinal anesthesia None
Turner (2018)%?% 30/30 68.8/70.9 70/43 N/A N/A N/A Spinal or general 60mL of 0.25% bupivacaine, 10mg of
anesthesia morphine, and 30mg of ketorolac
Zhang (2018)% 25/23 65/67 16/21.7 N/A N/A N/A General anesthesia 30mL of 0.25% ropivacaine
Lee (201724 60/57 67/65.6 38/42 N/A N/A N/A Spinal anesthesia 30mL of 0.5% ropivacaine
Li (2017)2% 30/30 67.7/65.9 20/20 0/0 25/23  5/7 General anesthesia 40mL of 0.25% ropivacaine
Shah (2015)®! 39/46 66.3/68.34 17.9/283 1412 23/32  2/2 Spinal anesthesia 20cc 0.25% sensorcaine + 250mg in;.

cefuroxime + 40mg inj. triamcenolone
acetate—not in diabetic patients

studies assessing 493 knees reported VAS scores within 24h
postoperatively. The pooled data showed that compared with the
SACB, the CACB had a better pain control effect at rest, with
significant differences at 24h (MD=0.52; 95% CI, 0.07-0.96;
P=.02; Fig. 4). Eight studies involving 702 knees reported the
VAS score at 48h. The meta-analysis showed that the CACB
group had a better pain control effect at rest within 48 h, with
significant differences between the CACB and SACB groups
(MD=0.62; 95% CI, 0.18-1.05; P=.006; Fig. 4).

3.2.1.2. VAS/NRS score at mobilization. Two studies assessing
119 knees reported VAS scores within 12h with mobilization
postoperatively. The results revealed a better pain control effect
with mobilization in the CACB group than in the SACB group at
12h (MD=1.10; 95% CI, 0.45-1.75; P=.0009; Fig. 5). There
were five studies involving a total of 376 knees that evaluated the

VAS score with mobilization at 24 and 48 h postoperatively. The
results of the meta-analysis revealed a better pain control effect
with mobilization in the CACB group than in the SACB group
at24h (MD=1.01; 95% CI, 0.84-1.18; P <.00001; Fig. 5) and
48h (MD=0.87; 95% CI, 0.72-1.01; P<.00001; Fig. 5)
postoperatively.

3.2.1.3. Morphine consumption. Conversions of amounts of
different opioids used were performed using a web-based opioid
conversion calculator (http://www.globalrph.com/narcoticonv.
htm). Morphine consumption at 24h was reported in 6 RCTs
involving a total of 557 knees in 3 of the included studies. The
pooled data showed no significant difference between the two
groups (MD=17.35; 95% CI, —12.52 to 47.22; P=.25; Fig. 6).
Morphine consumption at 48h was conducted in 6 studies
involving a total of 494 knees. The pooled data showed no

The general intervention information of included studies.

Study (year)

SACB group

CACB group

Periarticular local infiltration

Elkassabany (2019a)?%
Elkassabany (2019)2"!

Canbek (2019)2"

Turner (2018)?%

Zhang (2018)%%

Lee (201724
Li (20179

Shah (2015)2®!

20mL of 0.5% ropivacaine

20mL of 0.5% ropivacaine

30mL of 0.25% bupivacaine

20mL 0.25% bupivacaine, 1.67 mcg/mL
clonidine, 150mcg buprenorphine, 2mg
dexamethasone, 2.5mcg/mL epinephrine

20mL of 0.5% ropivacaine

20mL of 0.5% ropivacaine

20mL of 0.25% ropivacaine

30mL of 0.75% ropivacaine

5mL of 0.5% ropivacaine+13mL
5mL of 0.5% ropivacaine+13mL

30mL of 0.25% bupivacaine +125mL of
0.125% bupivacaine infusion 5mL/h for 24h
with

20mL of 0.25% bupivacaine, 2.5mcg/mL of
epinephrine +0.125% bupivacaine (8 mL/h) till
6:00 a.m. on the second postoperative day.

20mL of 0.5% ropivacaine +20mL 0.5%
ropivacaine twice via the catheter at 12h and
24h postoperatively

20mL 0.5% ropivacaine +0.2% ropivacaine (5
mL/h) for 48h

20mL 0.25%ropivacaine +0.25% ropivacaine(8
mL/h) for 48h

30mL 0.75% ropivacaine +0.25% ropivacaine
30cc at an interval of 4h till 8:00 a.m. on the
second postoperative day

60mL of bupivacaine 0.25% with 1/
200,000 epinephrine

60mL of bupivacaine 0.25% with 1/
200,000 epinephrine

None

60mL of 0.25% bupivacaine, 10 mg of
morphine, and 30mg of ketorolac

30mL of 0.25% ropivacaine

30mL of 0.5% ropivacaine
40mL of 0.25% ropivacaine
20cc 0.25% sensorcaine+250mg inj.

cefuroxime +40mg inj. triamcenolone
acetate—not in diabetic patients
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SACB CACB Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.1 12h at rest

Canbek 2019 4.95 2.7 60 2.71 2.09 63 4.2% 2.24[1.38, 3.10] s —

Lee 2017 3 2.7 60 4 2.7 57 3.7% -1.00 [-1.98, -0.02]

Li 2017 3.6 1.55 30 2.77 1.36 30 4.8% 0.83[0.09, 1.57] D —

Shah 2015 2.7 0.5 39 2.1 0.57 46 7.6% 0.60 [0.37, 0.83] -

Turner 2018 2.1 2.8 30 1.9 2.6 29 2.4% 0.20 [-1.18, 1.58]

Subtotal (95% CI) 219 225 22.8% 0.62[-0.19, 1.43] —

Heterogeneity: Tau® = 0.66; Chi? = 24.96, df = 4 (P < 0.0001); I* = 84%

Test for overall effect: Z = 1.50 (P = 0.13)

1.1.3 24h at rest

Canbek 2019 3.9 1.67 60 2.56 2.05 63 5.3% 1.34 [0.68, 2.00] e

Lee 2017 3 1.48 60 3 1.48 57 6.0% 0.00 [-0.54, 0.54] —

Li 2017 4.1 1.67 30 3.07 1.34 30 4.7% 1.03 [0.26, 1.80] I —

Shah 2015 2.73 0.44 39 2.08 0.43 46 7.8% 0.65 [0.46, 0.84] —

Turner 2018 2.3 2.3 30 2.8 23 30 3.0% -0.50[-1.66, 0.66] —

Zhang 2018 1 222 25 1 1.48 23 3.4%  0.00[-1.06, 1.06] —

Subtotal (95% CI) 244 249 30.1% 0.52 [0.07, 0.96] ‘

Heterogeneity: Tau? = 0.18; Chi? = 15.77, df = 5 (P = 0.008); I = 68%

Test for overall effect: Z = 2.29 (P = 0.02)

1.1.5 48h at rest

Canbek 2019 2.32 1.15 60 1.4 1.23 63 6.7% 0.92 [0.50, 1.34] e —

Elkassabany 2019a 5.41 1.5 53 4.87 2.03 51 5.1%  0.54[-0.15, 1.23] T

Elkassabany 2019b 5.41 1.5 53 4 2.37 52 4.7% 1.41[0.65, 2.17] I

Lee 2017 2 074 60 3 1.48 57 6.6% -1.00[-1.43,-0.57] —

Li 2017 3.7 1.24 30 2.83 1.6 30 4.9% 0.87[0.15, 1.59] —_—

Shah 2015 2.3 0.3 39 1.54 0.29 46 8.0% 0.76 [0.63, 0.89] -

Turner 2018 3.9 2.4 30 1.9 1.9 30 3.3% 2.00 [0.90, 3.10] s —

Zhang 2018 0.75 0.375 25 0.5 0.25 23 7.8% 0.25[0.07, 0.43] -

Subtotal (95% CI) 350 352  47.0% 0.62 [0.18, 1.05] P

Heterogeneity: Tau? = 0.31; Chi? = 87.32, df = 7 (P < 0.00001); I = 92%

Test for overall effect: Z = 2.76 (P = 0.006)

Total (95% CI) 813 826 100.0% 0.58 [0.33, 0.84] <o

Heterogeneity: Tau® = 0.21; Chi? = 128.69, df = 18 (P < 0.00001); I = 86% —:2 _51 3 i 2’

Test for overall effect: Z = 4.46 (P < 0.00001) SACB CACB

Test for subgroup differences: Chi? = 0.11, df = 2 (P = 0.95), I*> = 0%

Figure 4. A funnel plot of VAS/NRS score within 48h at rest. CACB =continuous catheter adductor canal block, Cl=confidence interval, NRS =numerical rating

scale, SACB =single-shot adductor canal block, VAS =visual analog scale.

significant difference between the two groups (MD=31.81; 95%
CI, —8.80 to 72.42; P=.12; Fig. 6). Morphine consumption at 72
h was conducted in 2 studies involving a total of 108 knees. The
pooled data showed more morphine consumption in the SACB
group than in the CACB group, with a significant difference
between the two groups (MD=109.34; 95% CI, 26.70-191.99;
P=.01; Fig. 6).

3.2.1.4. Complications. The incidence of nausea and vomiting
was reported in 4 studies involving a total of 253 knees. The
pooled data showed no significant differences between the two
groups (MD=-0.04; 95% CI, —0.12 to 0.04; P=0.30; Fig. 7).
Three studies assessing 262 knees reported catheter site
infections, neurologic deficits, and DVT. The results showed
no significant differences between the two groups in terms of
catheter site infections (MD =0.00; 95% CI, —0.03 to 0.03; P=
1.00; Fig. 7), neurologic deficits (MD=0.00; 95% CI, —0.03 to
0.03; P=1.00; Fig. 7) and DVT (MD=0.00; 95% CI, —0.03 to
0.03; P=1.00; Fig. 7). Two studies assessing 145 knees reported
catheter dislodgement. The pooled data showed no significant
differences between the two groups (MD =0; 95% CI, —0.04 to
0.04; P=1.00; Fig. 7).

3.2.2. Secondary outcomes

3.2.2.1. Quadriceps muscle strength (manual muscle test).
Two studies involving 108 knees reported quadriceps muscle
strength as measured by the manual muscle test at 24, 48, and
72h. The pooled data showed no significant differences at 24 h
(MD=0.32; 95% CI, —0.99 to 1.63; P=.63; Fig. 8), at 48h
(MD=-0.03; 95% CI, —0.78 to 0.83; P=.94; Fig. 8) and
72h (MD=-0.20; 95% CI, —0.48 to 0.09; P=.17; Fig. 8).

3.2.2.2. TUG test. The TUG testat 24 h was conducted in4 RCTs
involving a total of 417 knees to evaluate mobility. There were no
significant differences between the single-injection ACB and CACB
groups (MD=0.41; 95% CI, —1.54 to 2.36; P=.68; Fig. 9).

3.2.2.3. LOH. Seven RCTs with 654 patients reported the LOH.
Compared with the SACB group, a shorter LOH was found in the
CACB group, with significant differences in our meta-analysis
(MD=9.05; 95% CI, —1.15 to 16.94; P=.02; Fig. 10).

3.2.2.4. Degrees of maximum flexion. Degrees of maximum
flexion were reported in 4 of the included studies, and a total of
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SACB CACB Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl

Mean Difference
1V, Fixed, 95% Cl

1.2.1 12h at movement

Li 2017 4.57 1.43 30 3.3 1.39 30 2.3% 1.27[0.56, 1.98]

Turner 2018 3.5 3.1 30 3.2 3 29 0.5% 0.30[-1.26, 1.86]

Subtotal (95% CI) 60 59 2.8% 1.10[0.45, 1.75] ‘
Heterogeneity: Chi® = 1.23, df = 1 (P = 0.27); I*> = 19%

Test for overall effect: Z = 3.33 (P = 0.0009)

1.2.4 24h at movement

Canbek 2019 4.75 1.55 60 3.3 1.84 63 3.3% 1.45[0.85, 2.05]

Li 2017 5.17 1.37 30 3.77 1.25 30 2.7% 1.401[0.74, 2.06] -
Shah 2015 3.63 0.45 39 2.66 0.42 46 34.3% 0.97[0.78, 1.16] -

Turner 2018 51 3.3 30 51 3.1 30 0.5% 0.00[-1.62, 1.62]

Zhang 2018 4 2.22 25 3.5 0.74 23 1.4% 0.50[-0.42, 1.42] —

Subtotal (95% CI) 184 192 42.1% 1.01[0.84,1.18] <&
Heterogeneity: Chi® = 6.24, df = 4 (P = 0.18); I*> = 36%

Test for overall effect: Z = 11.77 (P < 0.00001)

1.2.6 48h at movement

Canbek 2019 3.13 1.15 60 2.21 1.2 63 6.9% 0.92[0.50, 1.34] —_—

Li 2017 4.67 1.03 30 3.5 1.23 30 3.6% 1.17[0.60, 1.74] e —
Shah 2015 3.01 0.46 39 2.2 0.29 46 42.6% 0.81[0.64, 0.98] h

Turner 2018 6.8 2.6 30 4.8 2.8 30 0.6% 2.00[0.63, 3.37] —_—
Zhang 2018 4 1.85 25 3 1.48 23 1.3% 1.00 [0.06, 1.94]

Subtotal (95% Cl) 184 192 55.1% 0.87[0.72,1.01] ‘
Heterogeneity: Chi? = 4.29,df = 4 (P = 0.37); I’ = 7%

Test for overall effect: Z = 11.55 (P < 0.00001)

Total (95% CI) 428 443 100.0% 0.93[0.82, 1.04] ¢
Heterogeneity: Chi? = 13.62, df = 11 (P = 0.25); I> = 19% _:2 _:1 5 :1 é
Test for overall effect: Z = 16.77 (P < 0.00001) SACB CACB

Test for subgroup differences: Chi? = 1.86, df = 2 (P = 0.40), 1> = 0%

Figure 5. A funnel plot of VAS/NRS score within 48 h at mobilization. CACB = continuous catheter adductor canal block, Cl=confidence interval, NRS =numerical

rating scale, SACB =single-shot adductor canal block,VAS =visual analog scale.

SACB CACB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
2.1.1 24h
Canbek 2019 0.175 0.45 60 0.024 0.4725 63 10.1% 0.15 [-0.01, 0.31]
Elkassabany 2019a 183.75 102.2 53 157.5 84.45 51 7.7% 26.25[-9.73, 62.23] T
Elkassabany 2019b 183.75 102.2 53 93 48.9 52 8.2% 90.75 [60.19, 121.31] -
Lee 2017 112.08 26.7 60 153.62 37.07 57 9.8% -41.54[-53.30, -29.78]
Li 2017 116.67 125 30 66.67 125 30 5.1% 50.00[-13.26, 113.26] T
Zhang 2018 176.15 88.08 25 173.55 86.78 23 6.3% 2.60 [-46.90, 52.10] T
Subtotal (95% CI) 281 276 47.2% 17.35[-12.52,47.22] ’
Heterogeneity: Tau? = 1089.64; Chi® = 86.48, df = 5 (P < 0.00001); I = 94%
Test for overall effect: Z = 1.14 (P = 0.25)
2.1.2 48h
Elkassabany 2019a 292.5 158.9 53 270 127.79 51 5.8% 22.50[-32.82, 77.82] B e —
Elkassabany 2019b 292.5 158.9 53 237 191.12 52 4.8% 55.50[-11.79, 122.79] 1
Lee 2017 193.48 43.88 60 223.04 38.65 57 9.6% -29.56 [-44.52, -14.60] -
Li 2017 233.33 125 30 118.33 125 30 5.1% 115.00 [51.74, 178.26]
Turner 2018 72.6 63.3 30 64.5 41.4 30 8.6% 8.10[-18.97, 35.17] T
Zhang 2018 184 92 25 129.25 64.63 23 6.8% 54.75[10.05, 99.45]
Subtotal (95% ClI) 251 243  40.6% 31.81 [-8.80, 72.42] <‘
Heterogeneity: Tau? = 2011.43; Chi? = 35.94, df = 5 (P < 0.00001); I = 86%
Test for overall effect: Z = 1.54 (P = 0.12)
2.1.3 72h
Li 2017 288.33 125 30 133.33 125 30 5.1% 155.00 [91.74, 218.26]
Zhang 2018 183.1 91.55 25 112.7 56.35 23  7.0% 70.40[27.76, 113.04] —_—
Subtotal (95% CI) 55 53 12.1% 109.34[26.70, 191.99] ‘
Heterogeneity: Tau? = 2821.09; Chi® = 4.72, df = 1 (P = 0.03); I> = 79%
Test for overall effect: Z = 2.59 (P = 0.010)
Total (95% CI) 587 572 100.0% 32.41 [12.10, 52.73] ’
Heterogeneity: Tau? = 1061.58; Chi? = 157.02, df = 13 (P < 0.00001); I = 92% y t t t
Test for overall effect: Z = 3.13 (P = 0.002) -200 -100 SACBOCACB 100 200

Test for subgroup differences: Chi? = 4.23,df =2 (P = 0.12), I = 52.8%

Figure 6. A funnel plot of Morphine consumption within 72 h at mobilization. CACB = continuous catheter adductor canal block, Cl=confidence interval, SACB =

single-shot adductor canal block.



http://www.md-journal.com

Sun et al. Medicine (2020) 99:20

Medicine

SACB CACB

Study or Subgroup Events Total Events Total

Risk Difference
Weight M-H, Fixed, 95% CI

Risk Difference
M-H, Fixed, 95% CI

3.1.1 Nausea and vomiting

Li 2017 5 30 3 30 5.1% 0.07 [-0.10, 0.24] —
Shah 2015 1 39 1 46 7.1% 0.00[-0.06, 0.07] -
Turner 2018 4 30 10 30 5.1% -0.20[-0.41, 0.01]

Zhang 2018 3 25 4 23 4.1% -0.05 [-0.25, 0.15]

Subtotal (95% CI) 124 129 21.4% -0.04[-0.12, 0.04] e =
Total events 13 18

Heterogeneity: Chi? = 5.58, df = 3 (P = 0.13); I = 46%

Test for overall effect: Z = 1.03 (P = 0.30)

3.1.2 catheter site infections

Lee 2017 0 60 0 57 9.9% 0.00[-0.03, 0.03] -
Li 2017 0 30 0 30 5.1% 0.00 [-0.06, 0.06] e
Shah 2015 0 39 0 46 7.1% 0.00[-0.05, 0.05] -
Subtotal (95% CI) 129 133 22.1% 0.00[-0.03, 0.03] X 2
Total events 0 0

Heterogeneity: Chi? = 0.00, df = 2 (P = 1.00); I*> = 0%

Test for overall effect: Z = 0.00 (P = 1.00)

3.1.3 catheter dislodgement

Li 2017 0 30 0 30 5.1% 0.00 [-0.06, 0.06] o
Shah 2015 0 39 0 46 7.1% 0.00[-0.05, 0.05] 4
Subtotal (95% CI) 69 76 12.2% 0.00 [-0.04, 0.04] <@
Total events 0 0

Heterogeneity: Chi® = 0.00, df = 1 (P = 1.00); I> = 0%

Test for overall effect: Z = 0.00 (P = 1.00)

3.1.4 neurologic deficit

Lee 2017 0 60 0 57 9.9% 0.00[-0.03, 0.03] -
Li 2017 0 30 0 30 5.1% 0.00 [-0.06, 0.06] o
Shah 2015 0 39 0 46 7.1%  0.00[-0.05, 0.05] -
Subtotal (95% CI) 129 133 22.1% 0.00[-0.03, 0.03] 2
Total events 0 0

Heterogeneity: Chi? = 0.00, df = 2 (P = 1.00); I*> = 0%

Test for overall effect: Z = 0.00 (P = 1.00)

3.1.5 DVT

Lee 2017 0 60 0 57 9.9% 0.00[-0.03, 0.03] -
Li 2017 0 30 0 30 5.1% 0.00 [-0.06, 0.06]  —
Shah 2015 0 39 0 46 7.1%  0.00[-0.05, 0.05] I
Subtotal (95% CI) 129 133 22.1% 0.00[-0.03, 0.03] 2
Total events 0 0

Heterogeneity: Chi?> = 0.00, df = 2 (P = 1.00); I = 0%

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% Cl) 580 604 100.0% -0.01[-0.03,0.01] ¢
Total events 13 18

Heterogeneity: Chi? = 6.00, df = 14 (P = 0.97); I = 0% t t t t
Test for overall effect: Z = 0.86 (P = 0.39) -0.2 _%A1CBOCA(():.Bl 0.2

Test for subgroup differences: Chi? = 1.02, df = 4 (P = 0.91), I*> = 0%
Figure 7. A funnel plot of complications. CACB = continuous catheter adductor canal block, Cl=confidence interval, DVT =deep venous thrombosis, SACB=

single-shot adductor canal block.

316 knees were involved in the meta-analysis. There were fewer
degrees of maximum flexion in the SACB group than in the CACB
group, with significant differences between the two groups
(MD=—3.93; 95% CI, —7.19 to —0.66; P=.02; Fig. 11).

4. Discussion

The ACB is an optimal method for achieving analgesia after TKA
with minimal quadriceps weakness."' ! However, the ideal local

anesthetic regimen, either continuous or single shot ACB
administration, has yet to be determined. To date, only two
meta-analysis were recently published on this topic.?”>?% In
Zhang’s meta-analysis, only four RCTs were included in the
meta-analysis, and there was considerable heterogeneity in some
results between the two groups. Second, they only analyzed
opioid consumption within 48 h after surgery. Data collected at
48 h only may not reflect the advantages of the CACB in efficient
opioid use. In both Zhang and Wang’s meta-analysis they do not
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SACB CACB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
4.1.1 24h
Li 2017 3.63 0.49 30 3.97 0.56 30 18.4% -0.34[-0.61, -0.07] —=
Zhang 2018 4.5 0.74 25 3.5 0.74 23 16.3% 1.00 [0.58, 1.42] —
Subtotal (95% CI) 55 53 34.7% 0.32[-0.99, 1.63] —

Heterogeneity: Tau? = 0.87; Chi® = 27.98, df = 1 (P < 0.00001); I> = 96%
Test for overall effect: Z = 0.48 (P = 0.63)

4.1.2 48h

Li 2017 3.77 0.63 30 4.1 0.55 30 18.0% -0.33[-0.63,-0.03] ]

Zhang 2018 4.5 0.74 25 4 1.48 23 12.7%  0.50[-0.17,1.17] T
Subtotal (95% CI) 55 53 30.6% 0.03[-0.78,0.83] ———

Heterogeneity: Tau? = 0.27; Chi? = 4.90, df = 1 (P = 0.03); I* = 80%
Test for overall effect: Z = 0.07 (P = 0.94)

4.1.3 72h

Li 2017 4 0.59 30 4.3 0.46 30 18.3% -0.30[-0.57, -0.03] —=
Zhang 2018 4.5 0.74 25 4.5 0.74 23 16.3%  0.00[-0.42, 0.42] —_
Subtotal (95% CI) 55 53 34.7% -0.20[-0.48, 0.09] S 3

Heterogeneity: Tau? = 0.01; Chi® = 1.40, df = 1 (P = 0.24); I> = 28%
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 165 159 100.0% 0.05 [-0.34, 0.44] ’
Heterogeneity: Tau? = 0.20; Chi? = 37.27, df = 5 (P < 0.00001); I> = 87% _’2 _’1 0 ’1 é
Test for overall effect: Z = 0.25 (P = 0.80) SACB CACB

Test for subgroup differences: Chi? = 0.78, df = 2 (P = 0.68), 1> = 0%

Figure 8. A funnel plot of Quadriceps Muscle Strength. CACB = continuous catheter adductor canal block, Cl=confidence interval, MMT =manual muscle test,
SACB =single-shot adductor canal block.

SACB CACB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
5.1.1 24h
Canbek 2019 279.75 8.45 60 280.79 8.22 63 43.7% -1.04[-3.99, 1.91] —T
Elkassabany 2019a 46 27.41 53 51 36.67 51 2.4% -5.00[-17.48,7.48] ¢
Elkassabany 2019b 46 27.41 53 55 35.56 52 2.6% -9.00[-21.16, 3.16] ¢
Shah 2015 60.33 3.82 39 57.95 8.46 46  51.3% 2.38 [-0.34, 5.10] T
Subtotal (95% CI) 205 212 100.0% 0.41 [-1.54, 2.36] -
Heterogeneity: Chi? = 5.96, df = 3 (P = 0.11); I> = 50%
Test for overall effect: Z = 0.41 (P = 0.68)
Total (95% CI) 205 212 100.0% 0.41 [-1.54, 2.36] ’
Heterogeneity: Chi? = 5.96, df = 3 (P = 0.11); I> = 50% 1_10 _45 3 é 101
Test for overall effect: Z = 0.41 (P = 0.68) SACB CACB

Test for subgroup differences: Not applicable

Figure 9. Afunnel plot of TUG test. CACB =continuous catheter adductor canal block, Cl=confidence interval, SACB =single-shot adductor canal block, TUG =
test, timed up and go test.

SACB CACB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Canbek 2019 98.5 7.55 60 104.92 5.35 63 30.4% -6.42[-8.74, -4.10] —&
Li 2017 101.5 8 30 108.17 9.51 30 21.6% -6.67[-11.12,-2.22] —_—
Shah 2015 106.4 8.42 39 106.5 8.74 46  24.8% -0.10 [-3.76, 3.56] —
Zhang 2018 110.8 7.98 25 112.99 6.27 23 23.2% -2.19[-6.23, 1.85] —
Total (95% CI) 154 162 100.0% -3.93[-7.19, -0.66] D
P 2 _ L Chi2 _ _ S 12 = 719, + : t }
:eterfogeneltyl.sz;: = Z7Z42 (;? P—_lg.gzii, df =3 (P=0.02); 1°=71% o 10 5 10 20
est for overall effect: Z = 2.35 (P = 0.02) SACB CACB

Figure 10. A funnel plot of length of hospital stay. CACB = continuous catheter adductor canal block, Cl=confidence interval, SACB = single-shot adductor canal
block.
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SACB CACB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Canbek 2019 101.28 9.84 60 100.08 9.12 63  15.9% 1.20 [-2.16, 4.56] ™
Elkassabany 2019a 72 17.78 53 48 17.78 51 14.6% 24.00[17.16, 30.84] I
Elkassabany 2019b 72 17.78 53 48 17.78 52 14.6% 24.00[17.20, 30.80] —_
Lee 2017 70.8 21.93 60 71.5 21.11 57 14.1% -0.70[-8.50, 7.10] I
Li 2017 146.4 19.2 30 132 21.6 30 12.8% 14.40 [4.06, 24.74] I
Shah 2015 76.8 9.6 39 73.92 8.4 46 15.8% 2.88[-0.99, 6.75] =
Turner 2018 56.8 16.5 30 59.8 28.1 30 12.1% -3.00 [-14.66, 8.66] T
Total (95% Cl) 325 329 100.0% 9.05 [1.15, 16.94] ‘
Heterogeneity: Tau? = 98.77; Chi? = 71.52, df = 6 (P < 0.00001); I> = 92% —éO —?:_5 3 255 550
Test for overall effect: Z = 2.25 (P = 0.02) SACB CACB

Figure 11. Afunnel plot of degrees of maximum flexion. CACB = continuous catheter adductor canal block, Cl=confidence interval, SACB ‘=single-shot adductor

canal block.

analyze postoperative quadriceps muscle strength and walking
ability which are critical for rapid recovery. Doctors’ concerns
about the CACB included the risk of catheter-related infections,
catheter dislodgement, and neurologic deficits. The previous two
meta-analyses did not analyze these complications that doctors
were concerned about. Therefore, we performed a meta-analysis
to evaluate the evidence from all the available RCTs that
compared the SACB with CACB for patients undergoing primary
TKA. We believe that our meta-analysis will provide a more
definite conclusion about which ACB method is better for TKA
patients because we included the highest-level evidence-based
(level 1) studies. Moreover, our results included opioid
consumption at 72h; complications including catheter-related
infections, catheter dislodgement and neurologic deficits; quad-
riceps strength; and ambulation ability, which may be essential
supplements to the previous meta-analysis. Furthermore, we
propose recommendations for clinicians using the Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE) system, which make our results more convincing.
The VAS score, opioid consumption, and complications were
the primary outcomes assessed in our meta-analysis. Previous
studies have suggested that movement (dynamic) pain is more
important to consider than pain at rest.[*”! Therefore, we assessed
not only the pain score at rest but also the dynamic VAS pain
scores. A recently published meta-analysis demonstrated that
SACB groups present VAS scores at 24h at rest and during
movement after TKA that are similar to those of CACB groups,
but the CACB groups had lower VAS scores at 48 h at rest and
during movement than did the corresponding SACB groups.
However, according to our meta-analysis, the VAS score
evaluating postoperative pain showed better results and statisti-
cally significant differences at 24 and 48h at rest and
mobilization in the CACB group than in the SACB group. Both
meta-analyses showed better pain control effects at 48h in the
CACB group than in the SACB group. Our findings may be
intuitively explained by the fact that continuous infusion catheter
blocks permit adequate analgesia of the local anesthetic for a
longer period of time than single-shot technique does. In our
included studies, the heterogeneity test showed a statistically
significance difference in the VAS score at rest. Thus, a random
effects model was performed to evaluate the results. The
heterogeneity may be caused by several reasons: first, the
different races of the patients. One trial was conducted in Asia,
and the other trials were conducted in Europe or America.
Second, the mean age was different in the included articles. Third,
for some of the studies, we needed to estimate the mean and
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variance from the median, range, and size of a sample (range=
maximum-minimum). However, the evidence regarding the VAS
score at rest and during movement was of moderate quality.
Furthermore, all the included studies were RCTs of high quality.
Therefore, the overall quality of evidence and effect estimate
regarding the VAS score at rest and upon ambulation was
reliable.

In our meta-analysis, we found no difference in the quantity of
opioids used within the 24- and 48-h time periods between the
two groups. This finding is comparable to the findings of a recent
meta-analysis by Zhang. However, Zhang did not have any data
on morphine consumption at 72h postoperatively. Concerning
the 72h time period, our results showed significantly lower
opioid consumption in the CACB group than in the SACB group.
There was a high level of heterogeneity between the two groups.
However, the quality of evidence was high according to the
GRADE system, and we could confidently conclude this result.
Our results indicate that over time, the analgesic effect
experienced by the SACB group gradually decreased with the
decrease in the local anesthetic drug concentration, while the
CACB group continued to receive local anesthetic drugs after
retaining the catheter. Therefore, the catheter group demonstrat-
ed an opioid-sparing effect as the initial bolus wore off.

Regarding the complications, an ideal method of achieving
analgesia is to relieve pain without increasing the number of
complications. PONV are common opioid consumption-associ-
ated side effects. Our meta-analysis shows that the incidence of
PONV was low without a significant difference between SACB
and CACB. Moreover, we found no significant difference in DVT
between the two groups. These results were comparable to the
findings of a recent meta-analysis by Zhang. However, Zhang’s
meta-analysis only evaluated PONV and DVT. Doctors’
concerns about CACB are related to the risk of catheter-related
infections, catheter dislodgement and neurologic deficits. There-
fore, we also evaluated these complications. Our results showed
that no significant difference was found in terms of catheter-
related infections, catheter dislodgement and neurologic deficits.
The quality of evidence was high according to the GRADE
system; therefore, the overall quality of evidence and effect
estimate regarding complications was reliable.

Quadriceps strength, the TUG test results, ROM, and LOH
were the secondary outcomes assessed in our meta-analysis, and
they had a direct impact on the speed of postoperative recovery of
the TKA patients. Quadriceps strength can improve physical
therapy outcomes for TKA patients, which is vital to relieving
pain in TKA patients. Muscle strength was measured using
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manual muscle testing, and our meta-analysis failed to find any
significant difference between the SACB and CACB groups
regarding quadriceps muscle strength at 24, 48, and 72h. The
quality of evidence was moderate at 24 h and high at 48 and 72 h
according to the GRADE system, and we could confidently draw
conclusions about this result.

Ambulation ability was assessed by the TUG test. The results of
our meta-analysis showed similar results of the TUG tests at 24 h
in both the SACB and CACB groups, with no statistical
significance. The quality of evidence was high according to the
GRADE system.

The LOH represented the economic expenditure of each
patient. ROM was used to measure early mobilization, which can
facilitate functional recovery and reduce postoperative compli-
cations and LOH. Our meta-analysis showed that compared with
the SACB group, the CACB group had a shorter LOH and larger
ROM, with a significant difference. LOH and ROM were
affected by multiple factors, including age, body mass index,
physiological status and American Society of Anesthesiologists
status,*! and there was large heterogeneity between the SACB
and CACB groups. However, the quality of evidence was high
according to the GRADE system, and the conclusion about this
result was reliable. Our results are different from Zhang’s result.
In Zhang’s meta-analysis, no significant differences were found
between the two groups in terms of LOH and ROM. We think the
reason for this discrepancy is that Zhang’s meta-analysis included
too few RCTs.

In clinical practice, the time for postoperative CACB placement
did not significantly add to the total time of the primary surgical
procedure.**3% Additionally, it is not necessary for surgeons to
worry about the risk of dislodgement with vigorous movements of
the leg during operation, catheter blockages in the surgical field,
and tourniquet use over the block when performing CACB after the
operation.[®31:32 There are several reported side effects, especially
when performing continuous nerve blocks, such as catheter site
infections, prolonged nerve palsies, heel ulcers, and other catheter-
related problems due to the sensory block.['1333* However, in our
meta-analysis, there were no side effects in either group. We believe
with the development of ultrasonography, identification of the
adductor canal is relatively easy, and we can achieve a high success
rate when performing ultrasound-guided ACB.[%7:¢!

Our systematic review and meta-analysis have the following
limitations.

1. Only 8 RCTs and 702 knees were included in our meta-
analysis; if more RCTs had been included, the statistical power
of our analysis would have been higher.

. We evaluated only the immediate effects within 72h after
TKA; we do not know the duration of the effects or whether
these effects lead to better long-term functional outcomes.
Therefore, a long-term follow-up study is needed to investigate
long-term functional outcomes.

3. Heterogeneity among the included studies was unavoidable
due to a variety of factors, such as age, sex, racial differences,
tourniquet use, type of catheter and analgesia methods.

. Some other minor factors, such as differences in the technique,
time of the block, doses of the different drugs administered,
amount and techniques of the assessments, may affect the
quality of results and produce some bias.

Although this study has several limitations, it is the first meta-
analysis to evaluate opioid consumption at 72h, quadriceps
strength, ambulation ability, and complications including
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catheter-related infections, catheter dislodgement and neurologic
deficits related to SACB versus CACB in TKA patients.
Furthermore, it is a comprehensive review of Level-I evidence
on this topic with articles that were stringently screened before
being included. Therefore, the review is of high quality (that is,
the studies were all prospective randomized trials). Finally, the
PRISMA guidelines and the Cochrane Handbook GRADE
approach were applied to assess the quality of the results and
evidence published in all included studies.

5. Conclusion

Based on this meta-analysis of all previously published RCTs, we
found CACB can provide better pain relief, a shorter LOH, more
degrees of maximum flexion and lower opioid consumption over
time, furthermore, it provides a comparable level of recovery of
quadriceps strength and mobility and a similar risk of catheter-
related complications. Therefore, for a fast recovery after TKA,
CACB is recommended as an alternative analgesic method after
TKA at present. However, due to the variations among the
included studies, more large-sample and high-quality RCTs are
needed in the future to demonstrate the efficacy and safety of
CACB compared with SACB after TKA.
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