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EDITOR’S PERSPECTIVE

What We Already Know about This Topic

e Farly mobilization after joint replacement surgery requires effective
analgesia

e |nterfacial plane injections including quadratus lumborum block
have been advocated for pain relief after hip joint replacement, but
evidence for this approach is sparse

What This Article Tells Us That Is New

e |n the context of a multimodal postoperative analgesic strategy,
providing a quadratus lumborum block using ropivacaine resulted
in no less morphine consumption or pain in the first 24 postopera-
tive hours compared to saline injection

e Quadratus lumborum block also provided no advantages in terms of
time to first standing, ambulation, or hospital stay

Early mobilization after total hip arthroplasty features as a
strong recommendation in the enhanced recovery after
surgery program.' However, early physiotherapy is only pos-
sible with effective analgesia with few side effects. The opti-
mal regimen with which to manage early postoperative pain
after total hip arthroplasty remains controversial.> Opioids,
widely used for pain management, are responsible for adverse
effects such as nausea, vomiting, dizziness, and urinary reten-
tion. Numerous techniques have been assessed to reduce

ABSTRACT

Background: Pain management is important for ensuring early mobilization
after hip arthroplasty; however, the optimal components remain controversial.
Recently, the quadratus lumborum block has been proposed as an analgesic
option. The current study tested the hypothesis that the posterior quadratus
lumborum block combined with multimodal analgesia decreases morphine
consumption after hip arthroplasty.

Methods: This study was a prospective, randomized, double-blind,
placebo-controlled trial. Before general anesthesia, 100 participating
patients scheduled for elective total hip arthroplasty were randomly allo-
cated to receive a 30-ml injection posterior to the quadratus lumborum
muscle with either 0.33% ropivacaine (n = 50) or normal saline (n = 50).
For all patients, multimodal analgesia included systematic administration
of acetaminophen, ketoprofen, and a morphine intravenous patient-con-
trolled analgesia. The primary outcome was total intravenous morphine
consumption in the first 24 h. Secondary outcomes recorded intraopera-
tive sufentanil consumption; morphine consumption in the postanesthesia
care unit; pain scores at extubation and at 2, 6, 12, and 24 h; motor
blockade; time to first standing and ambulation; hospital length of stay;
and adverse events.

Results: There was no significant difference in the 24-h total morphine con-
sumption (ropivacaine group, median [interquartile range], 13 [7 to 21] versus
saline group, 16 [9 to 21] mg; median difference, —1.5; 95% Cl, -5 to 2;
P = 0.337). Pain scores were not different between the groups (5 = —0.4;
95% CI, —0.9t0 0.2; P=0.199). There was no statistical difference between
the two groups in intraoperative sufentanil consumption, morphine consump-
tion in the postanesthesia care unit, motor blockade, times to first standing
(median difference, 0.83h; 95% Cl, —1.7 to 3.4; P = 0.690) and ambulation
(median difference, —1.85h; 95% Cl, —4.5 t0 0.8; P=0.173), hospital length
of stay, and adverse events.

Conclusions: After elective hip arthroplasty, neither morphine consumption
nor pain scores were reduced by the addition of a posterior quadratus lumbo-
rum block to @ multimodal analgesia regimen.

(AnesTHESIOLOGY 2021; 134:722-33)

morphine consumption after hip arthroplasty. Multimodal
analgesia regimens, which include nonsteroidal anti-inflam-
matory drugs and acetaminophen, result in lower pain scores
at rest and during mobilization, with a resultant reduced
opioid consumption.'** Conversely, local anesthetic infiltra-
tion neither reduces morphine consumption nor improves
postoperative rehabilitation.'® Although regional anesthesia
techniques, such as the lumbar plexus block*® or the femo-
ral nerve block,” have opioid-sparing effects, they can result
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in significant muscle weakness and subsequent falls. Thus,
other analgesic techniques, with few side effects, are needed
for reducing morphine consumption. In recent years, sev-
eral case reports have described the efficacy of the quadratus
lumborum block in hip surgery.*!" Ultrasound-guided qua-
dratus lumborum block is an interfascial plane block of the
posterior abdominal wall, first described as a posterior variant
of the transversus abdominis plane block.There are three dif-
ferent approaches currently described, referring to the needle
tip position with respect to the quadratus lumborum muscle:
lateral to the muscle (termed quadratus lumborum block 1);
posterior to the muscle (termed quadratus lumborum block
2);and anterior to the muscle (termed transmuscular block or
quadratus lumborum block 3; fig. 1)."> The anterior quadra-
tus lumborum block was recently shown to be effective for
pain relief after total hip arthroplasty."® This deep approach,
however, can result in quadriceps muscle weakness due to
spread of the local anesthetic to the lumbar plexus." In con-
trast, the posterior quadratus lumborum block approach is
more superficial with less motor blockade than the anterior
approach." In a magnetic resonance study, the dye spread is
wider in the posterior approach compared to the lateral.”

Quadratus Lumborum Block in Total Hip Replacement

Although this posterior approach has been reported as effec-
tive for analgesia after total hip arthroplasty in a retrospec-
tive cohort,' randomized controlled studies are lacking. The
extent of sensory blockade has moreover been minimally
studied in clinical settings.

In the current study, we hypothesized that the posterior
quadratus lumborum block (quadratus lumborum block
2), in combination with multimodal analgesia, decreases
morphine consumption after elective total hip arthroplasty.
Furthermore, we aimed to assess the spread of the solution
in the interfascial space, the extent of the sensory block-
ade, the motor blockade, and the benefit in terms of early
rehabilitation.

Materials and Methods
Study Design and Study Population

The Study of the QUadratus lumborum block in total hip
AR throplasty, Efficacy (SQUARE) was designed as a pro-
spective, randomized, double-blind, placebo-controlled, sin-
gle-center,superiority clinical trial using two parallel groups.
The study was conducted at Lapeyronie University Hospital
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Fig. 1. Diagrammatic representation of the lateral and posterior abdominal wall muscles with the facial layers. The needles represent the
direction and the target for each quadratus lumborum block approach. Quadratus lumborum blocks 1, 2, and 3 represent needle tip positions
lateral, posterior, and anterior, respectively, to the quadratus lumborum muscle.
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(Montpellier, France). In accordance with the Declaration
of Helsinki, the trial was approved by the ethics committee
(Comité de Protection des Personnes, Sud Méditerranée
I1I, Montpellier-Nimes, France, No. 2017.05.05 bis) and
was prospectively registrated in ClinicalTrials.gov on June
16, 2017, with identifier NCT03189290, and principal
investigator Philippe Biboulet. All patients provided written
informed consent before inclusion.

Eligible patients for participation in the study were those
scheduled for elective, unilateral primary total hip arthro-
plasty under general anesthesia, following an enhanced
recovery after surgery pathway, aged 18 yr or older, affiliated
with a medical insurance system, and with an American
Society of Anesthesiologists (Schaumburg, Illinois) Physical
Status I to III. Exclusion criteria included pregnancy, breast-
feeding, cognitive impairment with difficulties in pain eval-
uation, allergy or intolerance to drugs relevant to the study,
severe coagulopathy, and chronic kidney disease (estimated
glomerular filtration rate inferior to 50ml - min™" - 1.73
m 7). Study exclusion also applied to patients with periph-
eral neuropathy or those receiving treatment for chronic
non-hip pain.

Randomization and Blinding

The day before surgery, the participants were recruited by
the study staff, and written informed consent was obtained.
On the day of surgery, included patients were assigned ran-
domly in a 1:1 ratio to either the ropivacaine or the saline
group, using a computer-generated block randomization
technique, with a block size of 10 patients. Randomization
was performed by the Department of Medical Statistics, and
the allocated sequence was concealed in sequentially num-
bered, opaque, sealed envelopes prepared by an investigator
without clinical involvement in the trial. Before the patient’s
arrival to the operating room, an independent registered
nurse anesthetist opened the envelope in the pharmacy of
the operating room and prepared the allocated study drugs,
ropivacaine or saline, in syringes labeled “SQUARE.” After
filling the syringes, the empty vials were returned to the
central pharmacy. Then the study drugs, visually identical,
were deposited in the patients’ operating rooms. Blinding
to group allocation applied for enrolled patients, anesthesi-
ologists, physiotherapists, and the investigators performing
follow-up visits. Enrollment ceased when the target sample
size was obtained.

Intraoperative Management

Immediately before general anesthesia induction, the qua-
dratus lumborum block was performed with the patient in
the lateral decubitus position, with the block side and oper-
ative side nondependent. A curvilinear low-frequency ultra-
sound probe was placed transversely, transitioning laterally
from the umbilicus to the posterior axillary line. The mus-
cles of the lateral abdominal wall (external oblique, internal
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oblique, and transversus abdominis), of the posterior abdom-
inal wall (latissimus dorsi, quadratus lumborum, and erec-
tor spinae), and anterior to the quadratus lumborum (psoas
muscle) were visualized (fig. 1). The transducer was placed
between the iliac crest and the twelfth rib and adjusted to
visualize the shamrock sign (fig. 2)."” A 21-gauge 100-mm
nerve block needle was inserted in-plane in a lateroposterior
direction. The needle tip was advanced and positioned pos-
terior to the quadratus lumborum muscle (fig. 1). Careful
hydrolocalization technique, with the allocated blinded
solution, was used to localize the needle tip and the cor-
rect point of injection. After negative aspiration, 30ml of
the solution, either 3.3mg/ml (0.33%) ropivacaine (ropiva-
caine group) or normal saline (saline group), was injected in
the interfascial plane posterior to the quadratus lumborum
muscle, between the quadratus lumborum and the erec-
tor spinae muscles. The anesthesiologist recorded the final
solution spread on an anatomical diagram, consistent with
spread (1) posterior (quadratus lumborum block 2) to the
quadratus lumborum muscle, (2) anterior (quadratus lumbo-
rum block 3) to the quadratus lumborum muscle, (3) back
flowing toward the transversus abdominis (quadratus lum-
borum block 1), or (4) combination spread. The procedural
duration, from sonography localization to the completion of
injection, was recorded.

On completion of the quadratus lumborum block pro-
cedure, general anesthesia induction, with the patient in a
supine position, was performed using a standard protocol
with target-controlled infusion of sufentanil (Geps model;
plasma concentration, 0.3 to 0.4ng/ml) and of propofol
(Schnider model; plasma concentration, 4 to 6 pg/ml). In
addition, 0.3 mg/kg ketamine and 0.15mg/kg dexametha-
sone were infused. After endotracheal intubation, the sufen-
tanil infusion was decreased to a target plasma concentration
of 0.1 ng/ml, with intraoperative titration as required, at the
discretion of the anesthesiologist. Total hip arthroplasty, with
a posterior approach, was performed by the same surgical
team. There was no local anesthetic infiltration in the sur-
gical area. At 30min before surgery completion, 1,000 mg
of acetaminophen and 100 mg of ketoprofen were infused.

The patients were extubated in the postanesthesia care
unit. Pain was assessed at rest and at 30-min intervals for
2h, with a numeric rating scale from 0 to 10, with 0 sig-
nifying no pain and 10 signifying the worst possible pain.
If the numeric rating scale was more than 3, a morphine
titration of 2mg every 5min was administered. If the mor-
phine dose exceeded 0.3 mg/kg, additional rescue medica-
tion, including 20mg of nefopam, 1 pg/kg clonidine, and
10mg of ketamine, was administered at the discretion of
the anesthesiologist. Postoperative nausea and vomiting was
treated with 4mg of IV ondansetron. The extent of sen-
sory blockade was assessed with a cold glass vial. The skin
area where patients described a loss of cold sensation was
graphically mapped on a representation of the hip divided
into nine skin areas. At 2h after extubation, the numeric

Copyright © 2021, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 2. Ultrasound location of the quadratus lumborum muscle with the Shamrock sign. The three leaves of the sign are composed of the
quadratus lumborum muscle and the psoas major and erector spinae muscles, whereas the transverse process constitutes the stem. The
quadratus lumborum muscle is seen as a darker muscle at the apex of the transverse process.

rating scale at rest and during passive 90° hip flexion was
evaluated in all patients. Motor weakness was assessed using
the Bromage score,'® where 3 indicates unable to move feet,
knee, or hip; 2 indicates able to move feet only; 1 indicates
able to move feet and knee; and 0 indicates full flexion of
feet, knee, and hip. A score of 2 or 3 is defined as significant
motor weakness. Before discharge from the postanesthesia
care unit, the maximal numeric rating scale experienced by
the patients during their postanesthesia care unit stay was
evaluated.

Postoperative Management

On the surgical ward, the patients systematically received
1,000 mg of acetaminophen IV at 6-h intervals and 100 mg
of ketoprofen IV at 12-h intervals.A lightweight mobile infu-
sion pump (Rythmic Evolution, Micrel Medical Devices,
Greece) for IV patient-controlled analgesia was programmed
with a bolus dose of 1ml of morphine (1 mg/ml, with 100
pg/ml droperidol to reduce postoperative nausea and vom-
iting) and a lockout time of 7min, without background
infusion. The numeric rating scale was assessed at rest at 6,
12, and 24 h after extubation and on movement (passive 90°
hip flexion) at 6 and 24h after extubation. Motor block-
ade was assessed at 6h after extubation using the Bromage
score. At 24 h after extubation, the maximal numeric rating

scale experienced by the patients during their surgical ward
hospitalization was evaluated. Adverse events, including
postoperative nausea and vomiting and urinary retention,
were recorded during the first 24h. These evaluations were
performed by the anesthesiology team blinded to the study
group. Early rehabilitation was facilitated by physiotherapists,
with patients encouraged to first stand postoperatively on
the day of surgery and to ambulate either on the day of sur-
gery or the day after (depending on surgical ward admission
time). Time to first standing, time to first ambulation, and
the hospital length of stay were recorded.

Sample Size Estimation and Statistical Analysis

The primary outcome measure was the total cumulative IV
morphine consumption at 24h after extubation, inclusive
of morphine administrated in the postanesthesia care unit
and IV patient-controlled analgesia—administered morphine.
Morphine consumption was chosen as the primary out-
come, consistent with other studies on pain relief in total
hip arthroplasty.**!31® Secondary outcomes included intra-
operative sufentanil consumption; morphine consumption in
the postanesthesia care unit; area of cutaneous sensory loss
sensation; pain scores at rest at extubation time and 2, 6, 12,
and 24h after extubation; pain scores during passive 90° hip
flexion at 2, 6, and 24 h after extubation; maximal pain score

Anesthesiology 2021; 134:722-33
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during the intervals between extubation time and 2h after
extubation and between 2 and 24 h after extubation; motor
blockade at 2 and 6h after extubation; time to first standing
and ambulation; hospital length of stay; and adverse events
including block-related side effects. The sample size has been
estimated a priori with calculation based on the anticipated
opioid consumption difference between study groups. We
used the study of Minville ef al.,"” which found that patients
required 43 * 16 mg (mean £ SD) of morphine in the first
24h after a primary total hip replacement. Power calculation
for a 25% difference in morphine consumption (10.7mg),
with an o probability level of 0.05 and a power of 0.90 (1 —
B). yielded a sample size of 47 patients/group. The statistical
analysis was carried out with intention to treat for a sample
size of 100 patients. Categorical variables were expressed
as a number and a percentage. Quantitative variables were
expressed as the median and the interquartile range. The
normality of the distribution of quantitative variables was
determined using the Shapiro—Wilk test. The primary out-
come was compared using Mann—Whitney test. For sec-
ondary outcomes, comparisons of quantitative variables
between the two study groups were made using an unpaired
two-tailed ¢ test or a Mann—Whitney test. Comparisons of
categorical variables were realized using a chi-square test or
Fisher exact test, as appropriate. Pain scores at rest and on
movement over the first 24h after surgery were analyzed
using a mixed model accounting for repeated measurements
in the same patient. The numeric rating scale was the depen-
dent variable. The randomization group, the mobilization,
and the different measurement times were analyzed as fixed
effects, with random intercept for the patient. The slope, the
group, and the time interaction were tested. A model selec-
tion procedure (Bayesian Information Criterion, Bayesian
Information Criterion minimization) was used to deter-
mine a final model. The group—time interaction was finally
excluded in the final model. Estimates were reported using
a 95% CI. To illustrate time to standing and time to ambu-
lation, Kaplan—Meier curves and log-rank tests were used to
explore the probability of patients being bedbound within
each group. The data were right-censored 72h postopera-
tively. A two-sided P value of less than 0.05 was considered
statistically significant. Statistical analyses were performed
with SAS Enterprise Guide version 7.1 (SAS Institute, USA).

Results

From July 2017 to September 2018, 289 patients scheduled
for elective total hip replacement were assessed for eligibil-
ity. After assessment, 100 patients were randomly assigned to
one of the two groups, with 50 patients/group (fig. 3). All
100 patients were included in the analysis. Patient charac-
teristics are described in table 1. There were no missing data.

Quadratus Lumborum Block

Details of the interfascial solution spread in the two groups
during the quadratus lumborum block procedure are

Anesthesiology 2021; 134:722-33

documented in table 2. Graphical mapping of cutaneous sen-
sory loss in the ropivacaine group, for quadratus lumborum
block 2 (n = 18), quadratus lumborum blocks 2+ 1 (n = 18),
and quadratus lumborum blocks 2+1 + 3 (n = 10) is
reported in figure 4. Detailed mapping of loss of cold sensa-
tion in all the patients of the ropivacaine group is available in
the appendix. No patient had loss of cold sensation cephalad
to the twelfth rib. Of 50 patients, 12 (24%) did not have loss
of cold sensation in the hip area. Of those, four patients had
only anesthetic spread posterior to the quadratus lumborum
muscle (quadratus lumborum block 2), whereas eight had
anesthetic spread both posterior and lateral to the quadratus
lumborum muscle (quadratus lumborum block 2 +1).

Morphine Consumption

During the first 24h after surgery, the cumulative IV
morphine consumption was 13 (7 to 21) mg in the rop-
ivacaine group and 16 (9 to 21) mg in the saline group
(median difference, —1.5; 95% CI, =5 to 2; P = 0.337).
Intraoperative sufentanil consumption was 27 (20 to 35) pg
in the ropivacaine group and 26 (18 to 34) ng in the saline
group (median difference, 0; 95% CI, =5 to 5; P = 0.910).
Morphine consumption in the postanesthesia care unit was
10 (4 to 13) mg in the ropivacaine group versus 10 (5 to 15)
mg in the saline group (median difference, —1; 95% CI, =3
to 1; P = 0.448). Cumulative morphine consumption in the
12 patients without cutaneous sensory loss in the ropiva-
caine group was 9 (4 to 16) mg.

Pain Scores

Numeric rating scale results at extubation time and 2, 6, 12,
and 24 h postoperatively are shown in figure 5. Comparisons,
by analysis of repeated measures, revealed that pain scores
during the first postoperative 24h were not different
between the two groups (B = —0.4; 95% CI, —0.9 to 0.2;
P = 0.199). Numeric rating scale score decreased over time
B = —0.9 to —1.9) with respect to extubation time (P <
0.0001). Pain was higher during mobilization ( = 1.3;95%
CL 1.1 to 1.5; P < 0.0001). In the postanesthesia care unit,
between extubation time and 2h after extubation, the max-
imal numeric rating scale was 7 (5 to 8) in the ropivacaine
group and 7 (5 to 8) in the saline group (median difference,
0; 95% CI, =1 to 1; P = 0.696). In the postanesthesia care
unit, 25 patients had insufficient analgesia despite morphine
titration (13 patients in the ropivacaine group and 12 in the
saline group; P = 0.771) and required additional rescue anal-
gesia. On the surgical ward, between 2 and 24 h after extu-
bation, the maximal numeric rating scale was 4 (3 to 5) in
the ropivacaine group and 4.5 (2 to 7) in the saline group
(median difference, —0.5;95% CI, =2 to 1; P = 0.624).

Rehabilitation Outcomes

There was no significant difference between the ropivacaine
and the saline groups for both (1) time to first standing, at 19.7

Copyright © 2021, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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Assessed for eligibility (n = 289)

Excluded (n = 189)

Contraindications to study protocol (n = 57)

- Chronic kidney disease (n = 20)

- Chronic pain (n = 13)

- Study drug allergy/intolerance (n = 9)

- Peripheral neuropathy (n = 4)

- ASA physical status IV (n = 5)

- Coagulopathy (n=3)

- Cognitive impairment (n = 3)
Declined to participate (n = 6)
Other reason (n = 126)

- No enhanced recovery after surgery

pathway planned (n = 65)

- Research team unavailable (n = 25)

- Spinal anesthesia planned (n = 11)

- Complex surgical procedure (n=11)

- Revision total hip arthroplasty (n = 6)

- Already participated in the study (n = 4)

- Minor (n =2)

- No health insurance in France (n=1)

- Inability to communicate (n = 1)

Enrollment

Randomized (n = 100)

| Allocation Jl
Ropivacaine group (n = 50)

Received allocated intervention (n = 50)

Saline group (n = 50)
Received allocated intervention (n = 50)

Follow-Up l

Excluded after randomization (n = 0) Excluded after randomization (n = 0)

Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Analysis |
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Analyzed (n = 50) Analyzed (n = 50)

Fig. 3. Consolidated Standards of Reporting Trials diagram showing flow of study participants. ASA, American Society of Anesthesiologists.

Brixel et al.

(5.1 to 24.4) versus 18.7 (5.6 to 23.2) h (median difference, 0.8;
95% CI, —1.7 to 3.4; P = 0.690) and (2) time to first ambu-
lation, at 23.9 (20.5 to 28.1) versus 22.5 (19 to 25) h (median
difference, —1.8;95% CI, —4.5 to 0.8; P = 0.173).The Kaplan—
Meier curves for time to first standing (P = 0.247) and time to
first ambulation (P = 0.286) are presented in figure 6. Hospital
length of stay was not different between the ropivacaine and

the saline group: 4 (3 to 5) versus 4 (3 to 5) days, respectively
(median difference, —0.5;95% CI, —1 to 0; P = 0.227).

Adverse Events and Safety

There were no complications or adverse events during the
quadratus lumborum block procedure. At 2h after extuba-
tion, significant motor weakness with a Bromage score of 2 or

Anesthesiology 2021; 134:722-33
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Table 1. Patient Characteristics

Ropivacaine Saline
Variables Group (n=50)  Group (n = 50)
Age, yr 68 (59 to 72) 65 (59 to 72)
Male 30 (60) 20 (40)
Height, cm 171 (166 to 176) 165 (160 to 172)
Weight, kg 76 (67 to 85) 76 (65 to 86)
Body mass index, kg/m? 26 (23 to 30) 27 (23 10 29)
American Society of
Anesthesiologists
Physical Status score
| 16 (32) 14(28)
1 33 (66) 36 (72)
1l 1(2) 0
Surgical indication
Degenerative joint disease 47 (94) 46 (92)
Inflammatory arthritis 3(6) 4(8)
Duration of block procedure, min 5@3t07) 54108
Duration of surgery, min 70 (63 to 77) 68 (6110 81)

The results are expressed as median (25th percentile to 75th percentile) or
number (%).

higher was observed in one patient in each group, which had
regressed completely at 6h after extubation in both patients.
At 6h after extubation, significant motor weakness was
recorded only in one patient in the saline group (P = 0.489).

Postoperative nausea and vomiting occurred in 7 patients
in the ropivacaine group and 12 patients in the saline group
(P = 0.202). Urinary retention occurred in 2 patients in
the ropivacaine group and in 4 patients in the saline group
(P=0.678).

Discussion

In this study, the posterior quadratus lumborum block
(quadratus lumborum block 2) did not reduce opioid con-
sumption during the first 24 postoperative hours in patients
undergoing elective total hip replacement treated systemat-
ically with a multimodal analgesia regimen. Neither did this
block have an effect on pain scores, time to first standing,
time to first ambulation, or hospital length of stay.

In the pathway of enhanced recovery after surgery,
early mobilization is highly recommended. Although an
approach using epidural and/or nerve blocks provides good
analgesia, it can result in delayed ambulation.' The search
for optimal analgesia with less invasive techniques has made
interfascial plane blocks increasingly popular.*>*' However,
in addition to the numerous case reports published, there
remains a strong need for rigorous assessment of these new
interfascial plane approaches, including both their clinical
effect and the underlying mechanism of action.

First, regarding the analgesic effect of the quadratus lum-
borum block in hip surgery, randomized controlled trials are
scarce, and our results contrast with those of others studies.
One randomized trial, comparing a lateral quadratus lum-
borum block (quadratus lumborum block 1) with a femoral

Anesthesiology 2021; 134:722-33

Table 2. Interfascial Solution Spread

All Ropivacaine Saline
Patients Group Group
Solution Spread (n=100) (n=50) (n=50)
Quadratus lumborum block 1 2 1 1
Quadratus lumborum block 2 37 18 19
Quadratus lumborum block 3 1 1 0
Quadratus lumborum blocks 2+1 35 18 17
Quadratus lumborum blocks 2+3 2 2 0
Quadratus lumborum blocks 1+3 1 0 1
Quadratus lumborum 22 10 12

blocks 2+1 + 3

The solution spread was defined according to its location in relation to the qua-
dratus lumborum muscle. Quadratus lumborum blocks 1, 2, and 3 indicate lateral,
posterior, and anterior locations, respectively.

nerve block, revealed the role of the quadratus lumborum
block 1 in lowering pain scores and opioid consumption
in patients undergoing hemiarthroplasty for femoral neck
fracture.”? In this hip fracture context, where multimodal
analgesia was not systematically utilized, the postoperative
pain mechanisms may vary compared with the elective
total hip arthroplasty context. In a retrospective compar-
ative study, patients with a posterior quadratus lumborum
block (quadratus lumborum block 2) also had lower pain
scores and lower opioid requirements after elective total hip
arthroplasty.' However, in this study, total opioid consump-
tion was expressed in oral morphine equivalents, and multi-
modal analgesia with nonsteroidal anti-inflammatory drugs
and acetaminophen was not used. In a prospective random-
ized trial, after elective total hip arthroplasty, the anterior
quadratus lumborum block (quadratus lumborum block
3) similarly led to lower pain scores and lower oral mor-
phine equivalent consumption.” The effect of the anterior
quadratus lumborum block (quadratus lumborum block 3)
has also been studied in a retrospective propensity-matched
cohort study in which the anterior quadratus lumborum
block was compared with the lumbar plexus block for total
hip replacement.” There was no difference between the
two groups both in the IV morphine equivalent consump-
tion and in pain scores. Because the lumbar plexus block
is known to reduce pain after total hip replacement,** this
study demonstrates an impressively similar analgesic efficacy
associated with the anterior quadratus lumborum block.
Second, there are few available data elucidating the
underlying mechanism of action of these interfascial plane
blocks. None of the studies referenced above have pro-
vided an assessment of the local anesthetic spread or of the
sensory and motor blockade to explain the mechanism of

13,16,

action.'*'*#23 The analgesic mechanism for the different

quadratus lumborum block approaches thus remains poorly
understood.?* Limited publications suggest that the effect
of the anterior quadratus lumborum block (quadratus lum-
13.23

borum block 3) in hip surgery* could be explained by
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Fig. 4. Distribution of cutaneous sensory loss in the nine hip areas in the ropivacaine group. Quadratus lumborum blocks 1, 2, and 3 indicate
the spread of ropivacaine lateral, posterior, or anterior, respectively, to the quadratus lumborum muscle.

local anesthetic spread to the lumbar plexus. In favor of
this postulated mechanism, two cadaveric studies observed
injectate spread to the upper lumbar plexus branches after
an anterior quadratus lumborum block.”* Additionally, in
one retrospective study, the incidence of quadriceps mus-
cle weakness after an anterior quadratus lumborum block
was 90%, suggesting a block of the lumbar plexus." With

respect to the possible mechanism of action of the posterior
quadratus lumborum block (quadratus lumborum block 2),
this is even more debatable, but the results of our study pro-
vide the beginnings for further understanding. In our study,
first, despite a rigorous control of the needle tip position,
the solution injected between the quadratus lumborum and
the erector spinae muscles had unpredictable spread, with
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Fig. 5. Pain expressed with a numeric rating scale at rest and during movement in the ropivacaine and saline groups. Zero represents no
pain, and 10 represents the worst possible pain. For the box and whisker plots, the horizontal bars indicate the medians, the upper and lower
limits of the boxes indicate the interquartile range, and the ends of the whiskers are the minimal and maximal values. +, o, A, and x indicate

the mean values.
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Fig. 6. Probability of bedbound patients over time according to the groups. (4) Time to first standing. (B) Time to first ambulation.

local anesthetic visible at multiple varying locations around
the quadratus lumborum muscle. It is possible that local
anesthetic spread in these interfascial plane blocks primar-
ily depends on tissue compliance rather than on the precise
needle tip position within the thoracolumbar interfascial
planes. Second, the cutaneous loss of cold sensation noted in

Anesthesiology 2021; 134:722-33

our study was similar in all patients, irrespective of the indi-
vidual local anesthetic spread pattern. This cutaneous anes-
thesia noted may be secondary to blockade of the subcostal,
iliohypogastric, genitofemoral, and lateral femoral cutaneous
nerves. This sensory block was demarcated at the inferior
rib cage margin, with no spread in the cephalad direction
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beyond this margin. Similar observations with a limited sen-
sory blockade have been published in several case reports.®™!
Finally, no motor blockade was reported after this posterior
quadratus lumborum block. Innervation of the hip joint is
complex and provided by branches of the lumbar and sacral
plexus.”” Because nociceptors are mainly distributed on the
anterior side of the joint capsule, the role of the obturator and
femoral nerves in hip nociception is crucial.®® In our study,
theses nerves were not blocked after the posterior quadratus
lumborum block, possibly explaining the lack of analgesic
effect of this block for total hip arthroplasty noted in our
trial. Another commonly postulated mechanism of action is
that local anesthetic spreads into the thoracic paravertebral
space.””* However, as noted in our study and others, sensory
blockade associated with this block 1s often patchy, not cor-
responding to a classic dermatomal distribution.* "%

This study has some limitations. First, this was a sin-
gle-center trial, and external validity may be attenuated.
However, total hip arthroplasty is a standardized proce-
dure with similar patient care in most developed countries.
Conversely, in this single-center study, all procedures were
performed by the same surgical team, with the same surgi-
cal approach, and the administration of systematic multi-
modal analgesia is standardized across the nurse anesthetist
team. Second, despite the a priori sample size calculation, the
study was underpowered to detect a significant morphine
consumption difference between the two groups, with a
smaller difference obtained in our results compared to the
study used for our sample size calculation.' To detect a sta-
tistical difference between the two groups, 2,029 patients
would have had to be included in each group, after a pos-
teriori sample size calculation. However, would a 3-mg dif-
ference between the two groups, noted in this study, be
clinically relevant? The low cumulative postoperative mor-
phine consumption at 24 h after surgery suggests an effec-
tive IV multimodal analgesia regimen systematically used in
all our patients.'™ Notably, nonsteroidal anti-inflammatory
agents have a significant intrinsic opioid-sparing effect in
orthopedic surgery."? In the same way, intraoperative use
of ketamine and dexamethasone may have contributed to
postoperative analgesia and therefore may have reduced the
measured contribution of the quadratus lumborum block.
Third, the optimal anesthesia choice, of general anesthe-
sia versus spinal anesthesia, in total hip replacement can be
debatable. In our institution, hip surgery is mainly per-
formed under general anesthesia to optimize patient com-
fort. Within an enhanced recovery after surgery program,
general anesthesia additionally seems to result in a more
favorable recovery profile compared with spinal anesthe-
sia.! Fourth, because physiotherapist availability in our
center was until 4 pm daily, the difference between groups
in achieving early rehabilitation could have been underes-
timated. In some cases, we imagine that physiotherapist-ac-
companied rehabilitation would have been delayed until the
following day for patients admitted late to the orthopedic

Quadratus Lumborum Block in Total Hip Replacement

ward after 4 pm. Finally, 12 patients in the ropivacaine
group had low morphine consumption despite surprisingly
no loss of cold sensation in the postanesthesia care unit. It
is possible that there is a lack of correspondence between
analgesia and loss of cold sensation or that there was inac-
curate sensory blockade evaluation, for example because of
patient drowsiness. In conclusion, we found the posterior
quadratus lumborum block to have no clinically significant
effect on morphine consumption and pain scores after total
hip arthroplasty in the presence of a multimodal analgesia
regimen.
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Appendix: Distribution of Cutaneous Sensory Loss in the Nine Hip Areas in the Ropivacaine Group

Hip Areas
Solution Spread 1 2 3 4 5 6 7 8 9
Quadratus lumborum block 1 (n = 1) 0 1 1 0 1 1 0 0 0
Quadratus lumborum block 2 (n = 18) 9 8 2 6 10 6 0 2 0
Quadratus lumborum block 3 (n = 1) 0 0 0 0 1 1 0 0 0
Quadratus lumborum blocks 2+1 (n = 18) 6 7 0 7 10 5 1 0 1
Quadratus lumborum blocks 2+3 (n = 2) 1 1 0 0 2 0 0 0 0
Quadratus lumborum blocks 2+1 + 3 (n = 10) 5 6 3 3 10 4 0 0 0

The solution spread was defined according to its location in relation to the quadratus lumborum muscle. Quadratus lumborum blocks 1, 2, and 3 indicate lateral, posterior, and
anterior locations, respectively.
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