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Background: Optimal pain management is key to successful recovery in revision total hip arthroplasty.
Lumbar plexus blocks (LPBs) have traditionally been used for postoperative pain management. Recently,
the lumbar erector spinae plane block (LESPB) has emerged as a promising regional anesthesia technique
and is relatively simple to perform. Our study aimed to evaluate whether continuous LESPB provided
better analgesia and clinical outcomes than continuous LPB in revision hip arthroplasty.
Material and methods: We compared 25 LPBs with 25 LESPBs performed from October 2017 to November
2018 for revision hip arthroplasty. The primary outcome of this study was difference in opioid con-
sumption between the groups at 24 hours postoperatively. Secondary outcomes include pain scores,
hospital lengths of stay, pain adjunct consumption, and incidence of postoperative nausea and vomiting.
Results: There was no significant difference in average opioid consumption between the LPB and LESPB
groups during the first 24 hours postoperatively (73.8 ± 68.1 mg vs 85.1 ± 69.7 mg, respectively, P ¼ .57).
Similarly, there was no significant difference in average pain scores (3.3 ± 2.1 vs 3.7 ± 1.8, respectively,
P ¼ .42).
Conclusions: There was no significant difference in opioid consumption and pain scores in patients with
continuous LESPB compared with those with continuous LPB. While our study did not show a difference
in these outcomes, the LESPB is a straightforward regional block that avoids many of the risks of LPBs and
may be as effective for pain control.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

Revision total hip arthroplasty (THA) procedures have increased
steadily in the United States over the past decade as more patients
undergo joint replacement [1]. Optimal anesthetic management
and pain control are critical to enhanced recovery, successful
rehabilitation, and prevention of chronic pain [2e5]. Pain control
after THA can be challenging because of complex innervation of the
hip joint from both the lumbar and sacral nerve plexus [6]. Lumbar
plexus blocks (LPBs) have been shown to reduce opioid
30, San Francisco, CA 94158,

Inc. on behalf of The American As
y-nc-nd/4.0/).
requirements, opioid-related side effects, and enhance satisfaction
in patients undergoing THA compared with patients without a
block [7e9]. However, there are several disadvantages of LPBs. They
are considered to be anatomically deeper blocks that can be chal-
lenging to perform and similar to neuraxial procedures, must
adhere to American Society of Regional Anesthesia anticoagulation
guidelines [10,11]. The lumbar paravertebral region is also highly
vascular, and inadvertent intravascular injection and formation of
hematomas have been described [12,13]. Although ultrasound can
be used during these blocks, visualization of the lumbar plexus
with ultrasound is not always successful because of deep anatomy
and can be technically challenging to perform [11]. Furthermore,
adverse effects such as bilateral or epidural spread of local anes-
thetic are not uncommon [14].
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The erector spinae plane block was first described by Forero for
neuropathic thoracic pain in 2016, and since then, this interfascial
plane block has been used successfully in a variety of surgeries
[15e17]. Tulgar and Senturk modified this block to be performed at
the lumbar level in 2018 [18]. Several case reports and an obser-
vational study have demonstrated effective pain control in THA
when a lumbar erector spinae plane block (LESPB) with or without
catheter has been used [19e22]. Imaging studies suggest that local
anesthetic in LESPBs surrounds the psoas muscle, leading to
blockade of the lumbar plexus and, thus, essentially functions as a
LPB by proxy [20,21,23,24]. LESPBs are also routinely performed
under ultrasound, which has improved the overall performance,
accuracy, and safety of peripheral nerve blocks in arthroplasty [25].

Based on these reported benefits, some anesthesiologists at our
institution have recently chosen to perform an LESPB along with
nerve catheter placement for revision THA in lieu of a LPB with
catheter. However, because the LESPB is still a relatively new
regional technique, there is a paucity of data evaluating the anal-
gesic efficacy of this block compared with LPBs. Given the proposed
mechanism of action of the LESPB described previously, we hy-
pothesize that the continuous LESPB would provide better anal-
gesia than continuous LPB. To evaluate this hypothesis, we
performed a retrospective cohort study of patients undergoing
revision THA and reviewed postoperative opioid requirements and
pain scores.
Material and methods

We obtained approval from the institutional review board
before this study. We evaluated 50 revision THAs performed be-
tween October 2017 and November 2018. Twenty-five of these
patients received an LPB and peripheral nerve catheter, and the
other 25 patients received an LESPB with catheter. Patients un-
dergoing revision THA at our institution historically received an LPB
with catheter in the preoperative area before surgery. However,
starting in May 2018, we slowly transitioned to performing pre-
operative LESPBs with catheters for these patients. For this study,
we did a preliminary analysis of the first 25 revision THAs per-
formed with continuous LESPB and compared these patients with
the last 25 patients who received continuous LPB for revision THA.

Inclusion criteria were patient age 18 years or older undergoing
revision hip surgerywho received a preoperative LPB or LESPB with
peripheral nerve catheter placement. Two conversion hip revision
surgeries were included in our study. These conversions were
similar in technical complexity, surgical length, blood loss, and
need for revision-type approaches and implants compared with
our other revision hip surgeries and, thus, were included in the
study. We did not include patients with opioid tolerance, ie, those
patients taking more than 60 morphine milligram equivalents
(MMEs) per day, as defined by the Food and Drug Administration
[26]. In order to limit data collection error, multiple study
personnel collected data on each patient.

The primary outcome of this study was difference in opioid
consumption, as measured in MMEs, between the LESPB and LPB
groups at 24 hours postoperatively, starting from the time the pa-
tient first entered the postanesthesia care unit (PACU). Secondary
outcomes included MME consumption at 24-48 hours post-
operatively, Numeric Rating Scale (NRS) pain scores at 0-24 and 24-
48 hours postoperatively, PACU and hospital lengths of stay, pro-
cedure time for regional block, and incidence of postoperative
nausea and vomiting (PONV). We also compared the 2 groups in
terms of demographic characteristics (age, gender, height, weight,
bodymass index, American Society of Anesthesiologists [ASA] class,
comorbidities, baseline opioid use, type of anesthesia, duration of
local anesthetic infusion, type of revision surgery, and length of
surgical procedure).

We used our institutional Epic (Epic Systems Corporation, Ver-
ona, WI) electronic medical records (EMRs) to record opioids
consumed by the patients. Total opioid consumptionwas converted
into MMEs through MDCalc application [27]. NRS pain scores (on a
scale of 0 e 10, with 0 being no pain and 10 being the worst pain
imaginable) were documented into the EMR by nursing staff every
15 minutes to 1 hour in the PACU and every 4 hours on the hospital
floor as per standard at our institution. We collected these pain
scores from PACU stay, defined as the 0-hour time point, up to 48
hours postoperatively. Individual patient pain scores were averaged
over a 24-hour period, and then the average pain score for the
entire groupwas calculated. If a pain score at a particular time point
was not documented, it was not included in the calculation of an
individual’s average pain score.

All other pertinent data were also collected from the EMR. Time
length of block placement was collected from the standardized
anesthesiologist procedure note. The anesthesia intraoperative re-
cord was used to document surgery length. We used the adminis-
tration of any antiemetic drug during the patient’s hospitalization
as a surrogate parameter to estimate the rates of PONV. Duration of
postoperative local anesthetic infusion through the nerve catheter
was obtained from the nursing medication administration record.

As per our usual institutional practice, all patients were written
for a multimodal analgesic regimen before anesthesia consisting of
celecoxib 200 mg, gabapentin 600 mg, and oral acetaminophen
1000 mg, provided there were no contraindications. The nerve
stimulatoreguided LPBs were placed either in the lateral decubitus
or the sitting position, using one of the 2 established approach-
esdthe classic approach by Chayen et al. [28] or a modification of
this approach by Hadzic [29]. The block needle tip was directed into
the posterior aspect of the psoas muscle where the plexus runs to
elicit a twitch of the quadratus femoris muscle. Once this was
achieved, 20-30 milliliters of ropivacaine 0.2% was injected, and an
indwelling peripheral nerve catheter was placed.

For the LESPBs, the patients were placed in the prone position,
and a curvilinear ultrasound probe was used to identify the L4
transverse process on the ipsilateral side of surgery [18,20]. A block
needle was inserted from caudad to cephalad, and once the needle
tip contacted the L4 transverse process, 20-40 milliliters of ropi-
vacaine 0.2% was injected into the plane underneath the erector
spinae muscle, and an indwelling nerve catheter was inserted.

Intraoperatively, the patients underwent either a general or a
spinal anesthetic. Anesthesia technique and administration of
intravenous fentanyl or hydromorphone were at the discretion of
the anesthesia provider. Upon arrival in the PACU, a continuous
infusion of ropivacaine 0.1% or 0.2% at 8 milliliters per hour was
initiated through the indwelling peripheral nerve catheter. Patients
were also written for additional intravenous fentanyl or hydro-
morphone as well as oral opioids as needed, per our usual insti-
tutional PACU orders. Postoperative pain adjunct administration in
the PACU or on the floor was recorded for 48 hours after surgery. All
patients were followed up by the acute pain service post-
operatively, and if not contraindicated, received acetaminophen,
gabapentin, and either celecoxib or intravenous ketorolac. Periph-
eral nerve catheters were typically removed on postoperative day 1.

For the statistical analysis of the results of the 2 groups, we used
student’s two-sided t-tests for continuous variables with P < .05 as
threshold for statistical significance. To compare categorical vari-
ables, we used Pearson’s chi-squared test or Fisher’s exact test,
depending on the number of events per group. The two-sided t-test
analyses were performed using Microsoft Excel, Version 16.20
(Microsoft Corporation, Redmond, WA). We used Social Science
Statistics (Jeremy Stangroom; https://www.socscistatistics.com/)

https://www.socscistatistics.com/


Table 1
Patient characteristics.

Patient variables LPB (n ¼ 25) LESPB (n ¼ 25) P value

Age 66.1 (9.9) 66.5 (13.9) .91
Female gender 13 (52) 16 (64) .39
Height (cm) 168.6 (11.6) 169.2 (10.1) .85
Weight (kg) 80.6 (18.8) 81 (20.4) .94
BMI (kg/m2) 28.3 (6.1) 28.4 (7.6) .96
Baseline pain score (NRS) 3.1 (3.3) 3.5 (3.2) .67
Baseline MME usage (mg) 11.8 (17.2) 10.7 (14.3) .81
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for Pearson’s chi-squared tests and Fischer’s exact test [30]. For our
study time frame, placement of an LESPB with catheter was solely
dependent on the availability of a few anesthesiologists who were
trained and competent in performing this block. If none of these
anesthesiologists were available on a particular day, the patient
would receive a standard LPB with catheter. We hypothesized that
this would lead to a quasi-random group assignment and, as such,
used univariate analysis to compare outcomes between the LPB and
LESPB groups.
ASA classification .96
I 2 (8) 2 (8)
II 12 (48) 11 (44)
III 11 (44) 12 (48)

Hypertension 12 (48) 15 (60) .39
Diabetes mellitus 5 (20) 8 (32) .33
Obesity (BMI � 30) 6 (24) 7 (28) .75
Depression/anxiety 4 (16) 3 (12) .68
Atrial fibrillation 2 (8) 4 (16) .38
Chronic kidney disease 3 (12) 4 (16) .68

Continuous variables are presented as mean (standard deviation); categorical var-
iables are presented as count (percentage). P < .05 is statistically significant.
ASA, American Society of Anesthesiologists; BMI, body mass index.
Results

We analyzed 50 patients who underwent revision THAs. We
evaluated a total of 59 patients and excluded 9 (Fig. 1). The LPB and
LESPB groups were comparable in terms of demographic data and
patient characteristics, as shown in Table 1.

At 0-24 hours postoperatively, there was no significant differ-
ence in opioid consumption between the LPB and LESPB groups
(73.8 ± 68.1 mg vs 85.1 ± 69.7 mg, respectively, P ¼ .57; shown in
Figure 2). Mean difference between MME consumption in this time
period was 11.3 mg (95% confidence interval [CI] -27.89 to 50.49).
During the 24- to 48-hour postoperative time period, the LPB
groups averaged 62.7 ± 55.0 mg in MME consumption, while the
LESPB group averaged 75.1 ± 74.3mg (P¼ .53). Mean differencewas
12.4 mg (95% CI -24.77 to 49.57).

The average NRS pain scores (Fig. 3) during the 0- to 24-hour
postoperative period in the LPB group was 3.3 ± 2.1 vs 3.7 ± 1.8
in the LESPB patients (P¼ .42). Average pain score during the 24- to
48-hour postoperative period was 3.3 ± 2.2 in the LPB group vs 3.3
± 1.7 in the LESPB group (P ¼ .92).

In the 4 patients in whom technical difficulties precluded a
successful LPB, they received either an alternative block or no
blocks at all. Of note, there were no technical difficulties that
resulted in an aborted LESPB. No regional block complications were
reported for either group. Duration of postoperative local anes-
thetic infusion averaged 26.1 ± 8.8 hours in the LPB group and 20 ±
9.5 hours in the LESPB group (mean difference 6.1 hours, 95% CI
0.89 to 11.31 hours, P ¼ .03; also shown in Table 2).

The percentage of patients consuming perioperative adjunct
pain medications, such as acetaminophen, gabapentin, and
nonsteroidal anti-inflammatory drug (NSAID), is recorded in
Table 3. There was a significant difference in the number of patients
receiving postoperative NSAID. All 25 patients in the LPB group
received postoperative NSAID, while 18 patients in the LESPB group
did (P ¼ .01). There were no significant differences in other adjunct
Figure 1. Flow diagram depicting creation of study groups.
pain medication consumption. Antiemetics were administered to 7
LPB patients vs 8 LESPB patients, as shown in Table 2.

Hospital length of stay averaged 74.8 ± 31.9 hours among the
LPB patients and 80.9 ± 75.3 hours among the LESPB patients
(mean difference 6.1 hours, 95% CI �26.79 to 38.99). The average
surgery time in the LPB group was 185 ± 86.8 minutes and 164 ±
49.9 minutes in the LESPB group (mean difference -21minutes, 95%
CI�19.26 to 61.26). In regard to anesthesia type,19 patients (76%) in
the LPB group and 21 patients (84%) in the LESPB group received
general anesthesia. There was one conversion from spinal anes-
thesia to general anesthesia in the LPB group due to failed spinal.
The catheter was left in place for postoperative pain control.

We collected data on the surgical aspects of each revision hip
arthroplasty as well. In terms of the complexity of each procedure,
both groups had similar numbers of each type of revision such as
femur and/or acetabular exchanges, isolated head or liner ex-
changes, soft tissue reconstruction, and need for extended
trochanteric osteotomy. These characteristics are documented in
Table 4. As described earlier, the 2 conversion surgeries were
similar to our other revision hip surgeries in regard to technical
complexity and need for revision-type approaches and implants.
One conversion hip revision consisted of an extended trochanteric
osteotomy with revision femoral components and open reduction
internal fixation of the osteotomy. Another conversion required
extended surgical dissection and exposure as well as revision-type
femoral component. Finally, while these cases were performed by
multiple surgeons, one surgeon (E.N.H.) performed the highest
number of surgeries in both groups; 12 out of 25 of the LPB sur-
geries and 13 out of 25 of the LESPB group (Table 2).
Discussion

Our retrospective study comparing LPBs and LESPBs in revision
hip arthroplasty showed no significant difference in opioid con-
sumption in the first 24 hours postoperatively. Furthermore, we
found no significant difference in our secondary outcomes of
postoperative NRS pain scores, opioid consumption at 24-48 hours
postoperatively, PACU and hospital lengths of stay, procedure block
time, and rates of PONV. The LPB patients had a significantly longer
duration of ropivacaine infusion postoperatively than the LESPB
patients. In addition, there were significantly fewer patients who
received postoperative NSAID in the LESPB group, likely due to a



Figure 2. MME consumption in milligrams (mg) at 0-24 and 24-48 hours after surgery. Error bars indicate standard deviations.
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contraindication or allergy. Despite having a shorter duration of
ropivacaine infusion, patients in the LESPB group did not have
significantly higher opioid consumption or pain scores than the LPB
group. If this had any influence on opioid consumption and pain
scores, the results would favor LESPB for postoperative pain man-
agement in revision THA.

As it is a relatively new regional anesthesia technique, there are
currently few published studies investigating the effectiveness of
LESPB for pain control in hip surgery. This is in contrast to LPBs,
which have been used for decades and shown to reduce opioid
requirements and enhance satisfaction in patients undergoing THA
[7e9]. Tulgar first described the LESPB at the level of the L4
transverse process for a patient undergoing THA, and a subsequent
case series demonstrated adequate postoperative pain control
[18,20]. An observational study analyzed 15 patients who under-
went hemiarthroplasty or intramedullary nailing with an LESPB
and sedation. None of the patients had to be converted to general
anesthesia or required local anesthetic infiltration at the surgical
site, suggesting that LESPB can be used as the main anesthetic in
Figure 3. Average NRS pain scores (0-10) at 0-24 and 24-48 ho
elderly hip fracture patients with multiple medical comorbidities
[21]. Finally, in a randomized, prospective feasibility study, in-
vestigators found that patients who received an LESPB for hip
surgery had significantly lower pain scores, tramadol consumption,
and rescue opioid requirement than patients with no block,
demonstrating that LESPB can be an effective mode of post-
operative pain control [31]. All these studies suggest potential
benefits of LESPB in hip surgery.

Kinjo and Schultz reported 2 cases in which patients received
continuous LESPBs for revision hip arthroplasty with both patients
demonstrating satisfactory pain control [32]. As there are few
studies on LESPB in hip surgery, we decided to compare the
effectiveness of this relatively new block with the well-described
LPB. To our knowledge, there has not been a study comparing
continuous LESPBs to continuous LPBs for postoperative pain con-
trol in revision hip arthroplasty.

The LESPB has a low risk of complications based on existing
studies and is relatively straightforward to perform [33]. The more
readily identifiable anatomy of the LESPB facilitates the use of
urs after surgery. Error bars indicate standard deviations.



Table 2
Surgery and perioperative data.

Patient variables LPB (n ¼ 25) LESPB (n ¼ 25) P value

General anesthesia (GA) 19 (76) 21 (84) .48
Spinal anesthesia 5 (20) 4 (16) .71
Conversion from spinal to GA 1 (4) 0 (0) 1.00
Hospital length of stay (h) 74.8 (31.9) 80.9 (75.3) .71
Block procedure time (min) 22.6 (6.2) 27.4 (18.1) .22
Surgery time (min) 185.1 (86.8) 164.2 (49.9) .30
Performed by primary surgeon 11 (44) 13 (52) .57
Duration of local anesthetic infusion (h) 26.1 (8.8) 20 (9.5) .03
PONV 7 (28) 8 (32) .76

Continuous variables are presented as mean (standard deviation); categorical var-
iables are presented as count (percentage). P < .05 is statistically significant.

Table 4
Revision hip arthroplasty characteristics.

Patient variables LPB LESPB

Isolated head/liner exchange 3 4
Single component-femur 4 3
Single component-acetabulum 9 7
Both components 8 9
Conversion 0 2
Soft tissue reconstruction 2 3
ETO 3 4

This table shows the number of patients receiving each type of revision.
ETO, extended trochanteric osteotomy; LPB, lumbar plexus block; LESPB, lumbar
erector spinae plane block.
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ultrasound and may therefore have a lower risk of injury to blood
vessels and other deep structures such as the kidney [34]. Blocks
performed under ultrasound guidance can greatly reduce risk of
vascular puncture and hematoma formation [35]. Paravertebral
spread is also thought be to less likely with injection of local
anesthetic in lumbar erector spinae region, and the risk of neuraxial
spread is predicted to bemuch lower than LPB [24]. Furthermore, in
regard to patient comfort, several studies demonstrated signifi-
cantly lower procedure-related pain scores in patients receiving an
ultrasound-guided nerve block than those in patients undergoing
the same block with nerve stimulator, which is how LPBs are often
placed [36,37]. The LPB must also adhere to American Society of
Regional Anesthesia anticoagulation guidelines and is an anatom-
ically deeper block that can be challenging to place [10,11]. In
addition to the higher risk of hematoma formation, inadvertent
intravascular injection has also been described. One study reported
one event of cardiac arrest, 2 respiratory failures, one seizure, and
one death after LPB in a sample size of only 394 patients [12]. Even
with the use of ultrasound in LPB and reduction in injectate volume,
epidural spread of local anesthetic can still occur [38].

Our study has several limitations. The retrospective nature of
our study did not allow for randomization, and confounders cannot
be excluded. We were not able to conclude equivalence between
the 2 blocks. We attempted to assess potential differences between
LPBs and LESPBs by evaluating patients undergoing a type of sur-
gery at our institution, where patients typically receive standard-
ized perioperative pain adjuncts. However, some medications,
particularly NSAIDs, were not administered because of patient al-
lergy or other contraindication such as chronic kidney disease,
which is a limitation and could have potentially affected post-
operative MME consumption or pain scores. In addition, a few
patients in both LPB and LESPB groups received a slightly higher
local anesthetic concentration for their catheter infusion. No stan-
dardized study protocol was followed because of the retrospective
Table 3
Perioperative pain adjunct consumption.

Patient variables LPB (n ¼ 25) LESPB (n ¼ 25) P-value

Preoperative adjunct
Acetaminophen 22 (88) 23 (92) 1.00
Gabapentin 19 (76) 17 (68) .53
Celecoxib 18 (72) 12 (48) .08

Postoperative adjunct
Acetaminophen 25 (100) 25 (100) 1.00
Gabapentin 25 (100) 24 (96) 1.00
NSAID PO and/or IVa 25 (100) 18 (72) .01

Adjuncts presented as count (percentage). P < .05 is statistically significant.
PO, per os; IV, intravenous.

a Patient received PO celecoxib and/or IV ketorolac.
nature of this study, and some natural variability in clinical care
occurred.

Conclusions

We did not find a significant difference in postoperative opioid
consumption and pain scores in patients undergoing revision THA
with continuous LESPB compared with those with continuous LPB.
While our study did not show a difference in these outcomes, the
LESPB is a relatively straightforward regional block thatmight avoid
many of the risks of LPBs, and we currently have no evidence that it
is less effective for pain control. Further randomized controlled
trials are warranted to support the role of LESPBs in hip surgery.
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