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Abstract

Background: Adult studies have indicated that the quadratus lumbo-
rum block (QLB) may provide superior analgesia compared to single-
shot neuraxial and other truncal peripheral nerve blocks. The technique
is being increasingly used for postoperative analgesia in children un-
dergoing lower abdominal surgery. To date, these pediatric reports have
been limited by small sample sizes, which may hinder the interpretation
of results and assessment of safety. In this study, we retrospectively ex-
amined QLBs performed at a large tertiary care hospital for evidence of
effectiveness and safety in the pediatric colorectal surgery population.

Methods: Patients less than 21 years of age who underwent abdomi-
nal surgery and received a unilateral or bilateral QLB over a 4-year
period were identified in the electronic medical record. Patient demo-
graphics, surgery type, and QLB characteristics were retrospectively
examined. Pain scores and opioid consumption were tabulated over
the first 72-h postoperative period. QLB procedural complications or
adverse events attributable to the regional anesthetic were obtained.

Results: The study cohort included 204 QLBs in 163 pediatric-aged
patients (2 days to 19 years of age, median age of 2.4 years). The most
common indication was unilateral blockade for ostomy creation or re-
versal. The majority of QLBs were performed using ropivacaine 0.2%
with a median volume of 0.6 mL/kg. The median opioid requirement
in oral morphine milligram equivalents (MMEs) was 0.7, 0.5, and 0.3
MME/kg on the first, second, and third postoperative days, respec-
tively. Median pain scores were less than 2 over each time period.
Aside from block failure (incidence 1.2%), there were no complica-
tions or postoperative adverse events related to the QLBs.

Conclusion: This retrospective review in a large cohort of pediatric
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patients demonstrates that the QLB can be performed safely and ef-
ficiently in children undergoing colorectal surgery. The QLB provides
adequate postoperative analgesia, has a high success rate, may limit
postoperative opioid consumption, and is associated with a limited
adverse effect profile.

Keywords: Quadratus lumborum block; Pediatric; Children; Postop-
erative analgesia; Local anesthetic

Introduction

Effective pain control after abdominal surgery enhances post-
operative recovery, improves patient and parental satisfaction,
facilitates hospital discharge, and reduces costs [1]. Regional
anesthesia has become an important component of pain man-
agement after surgical procedures in the pediatric-aged patient,
owing to its opioid-sparing effect and improved perioperative
outcomes [2]. Ultrasonography has allowed for the evolution
of peripheral nerve blockade as an analgesic adjunct, replacing
neuraxial analgesia such as caudal epidural blockade in many
clinical scenarios. Given their favorable adverse effect profile
and prolonged duration of analgesia, peripheral nerve blocks
have become more popular in infants and children [3].

In recent years, peripheral nerve blockade of the trunk has
gained popularity as an alternative to neuraxial techniques in
abdominal surgery [4]. The quadratus lumborum block (QLB)
is an evolution of the transversus abdominis plane (TAP)
block, providing extension of the cephalad sensory blockade to
the T7 level [2]. Multiple studies have suggested the superior-
ity of the QLB to neuraxial anesthesia and other truncal nerve
blocks in providing analgesia for gynecological and urological
procedures [5-7]. There are a paucity of clinical reports de-
scribing the use of QLBs in pediatric-aged patients following
open colorectal procedures, such as bowel resection, explora-
tory laparotomy, or colostomy creation and revision. In this
retrospective study, we described our experience with the QLB
performed in children undergoing open lower abdominal and
colorectal procedures at a tertiary care institution.

Materials and Methods

Approval for this study was acquired from the Institutional Re-
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view Board of Nationwide Children’s Hospital (00001681) and
conducted in accordance with the regulations of the Declaration
of Helsinki for research involving human subjects. As a retro-
spective cohort study, patients were deemed as exposed to no
more than minimal risk and the need for individual written in-
formed consent was waived. To maintain patient confidentiality,
only deidentified data were used for the purpose of this study.
Data collected during this study were stored in a secure location
and only the collaborators directly involved in this study had
access. All electronic files were stored on a secure, password
protected network.

Patients less than 21 years of age who received a QLB for
abdominal surgery over a 4-year period from January 2016 to
December 2020 were identified. The institutional electronic
medical record was reviewed for patient demographics, surgi-
cal procedure, and nerve block specifications. Additionally, ad-
verse effects and complications related to the block were noted.
The postoperative course was reviewed including pain scores
and opioid consumption. Demographic information obtained in-
cluded age, weight, gender, and co-existing medical conditions,
such as the presence of spinal cord or vertebral abnormalities
(spinal dysraphism), coagulation disturbances, or presurgical di-
agnosis of chronic pain. The type and length of the surgical pro-
cedure was obtained. QLB characteristics recorded included the
approach used and whether the QLB was performed unilaterally
or bilaterally. Data were collected on the local anesthetic type,
concentration, volume, as well as any adjuncts utilized. The time
required to perform the block and any complications attributable
to performance of the QLB were noted. The following postop-
erative outcomes were analyzed for the first 72 h after surgery:
pain scores, use of adjunctive analgesic agents, opioid consump-
tion, and QLB-related complications. Pain was evaluated in our
study population by either a visual analog scale (VAS), Wong-
Baker pain (FACES) scale, or Faces, Legs, Agitation, Cry, and
Consolability (FLACC) scale, depending on patient age and
cognitive state. All three scales are validated assessment tools
for pain which use a 10-point grading system [8], with zero be-
ing most comfortable or no pain. Pain scores were collected at
6-h intervals for all patients. Mean individual pain scores for
the first 24, 48, and 72 h were tabulated and the median and
interquartile scores over each 24-h time period were calculated.
Opioid consumption was determined over the first postoperative
72 h with conversion of all administered intravenous and oral
opioids to oral morphine milligram equivalents (MMEs) in mg/
kg/day [9]. Patient records were investigated for adverse events
that could be attributable to QLB blocks (site infection, bleed-
ing, hypotension, or bradycardia).

Parametric continuous data were presented as means and
standard deviations (SDs). Non-parametric data were presented
as medians and interquartile ranges (IQRs). Categorical vari-
ables were presented as frequencies and percentages. All sta-
tistical analysis was performed using the Statistical Functions
package (scipy.stats) in Python (Python Software Foundation,
Wilmington, DE).

Results

The study cohort included 204 QLBs in 163 pediatric patients,

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

Table 1. Demographic Data of the Study Cohort (n = 163)

Gender, n (%)

Female 83 (50.9)
Male 80 (49.1)
Race, n (%)
Asian 20 (12.4)
Black 23 (14.3)
Hispanic 13 (8.1)
Other 10 (6.2)
White 95 (59.0)
Mean age, years (SD) 4.7 (5.2)
Median age, years (IQR) 2.4(0.8-6.7)
Mean weight, kg (SD) 18.6 (16.8)
Mean height, cm (SD) 96.3 (34.0)
Mean body mass index (SD) 16.9 (3.2)
Preoperative diagnosis, n (%)
Chronic pain or neuropathy 7(4)
Vertebral anomalies 16 (10)
Anorectal malformation 68 (42)
Chronic anticoagulation 1 (0.6)
Surgery type, n (%)
Creation/revision/closure of ostomy 137 (84)
Mitrofanoff/Malone 6 (3.7)
Herniorrhaphy 4 (2.6)
Transanal pull through 4(2.6)
Gastrostomy tube placement 2(1.3)
Other abdominal surgery 10 (6.1)

IQR: interquartile range; SD: standard deviation.

2 days to 19 years of age (median 2.4 years), who underwent
abdominal surgery and received a QLB for postoperative an-
algesia from January 2016 to December 2020. Patient demo-
graphics and surgical procedures are summarized in Table 1.
There were 137 who had surgery related to a bowel stoma (il-
eostomy/colostomy) creation or revision. The mean duration
(SD) of surgery was 2.4 h (1.8). All QLBs were performed
under general anesthesia using the anterior/transmuscular ap-
proach with ultrasound-guidance in lateral position. The QLBs
were unilateral in 122 patients and bilateral in 41 patients.
The median time (IQR) to complete the block was 5 min (4
- 9 min). The block success rate was 99%. The most common
analgesic regimen for the QLB was 0.2% ropivacaine with
1:200,000 epinephrine and 0.2 mg/mL of preservative-free
dexamethasone. QLB characteristics including local anesthetic
type, volume, and dosage are displayed in Table 2. There were
no documented complications during QLB placement.

The average pain score (0 - 10) was 2+ 1,1 £ 1,and | =
1 during the first 24, 48, and 72 postoperative hours, respec-
tively. The median pain scores were 1, 1, and 0 for the first 3
postoperative days, respectively. A total of 139 of 163 (85.3%)
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Table 2. QLB Characteristics

Total number of blocks, n 204
QLB laterality, n (%)

Bilateral 41(25.2)

Unilateral 122 (74.8)
QLB medication, n (%)

0.05% ropivacaine 1 (0.6)

0.1% ropivacaine 11 (6.7)

0.2% ropivacaine 85(52.1)

0.25% bupivacaine 7(4.3)

0.25% ropivacaine 2(1.2)

0.3% ropivacaine 1(0.6)

0.5% ropivacaine 56 (34.4)
QLB complications noted, n (%)

No 159 (100)
QLB success, n (%)

No 2(1.2)

Yes 161 (98.8)
Median procedure time, min (IQR) 54-9)
Median ropivacaine dose, mg/kg (IQR) 1.9(1.3-2.6)
Median bupivacaine dose, mg/kg (IQR) 2.5(2.0-2.6)
Median ropivacaine volume, mL/kg (IQR) 0.6 (0.5 - 1.0)
Median bupivacaine volume, mL/kg (IQR) 1.0 (0.8 - 1.0)

IQR: interquartile range; QLB: quadratus lumborum block.

patients received postoperative opioids during the time period
studied. Opioid requirements in median (IQR) oral MMEs
were 0.7 (0.3-1.4),0.5(0.3-0.9),and 0.3 (0.2 - 0.7) MME/kg
on the first, second, and third postoperative days, respectively
(Fig. 1). The median number of intravenous and oral opioid
administrations (IQR) was 4 (2-9),3 (1-7),and 2 (1 - 5) dur-

a Opioid Requirements

b Opioid Administrations €

ing the first, second, and third postoperative days, respectively.
The median time from anesthetic completion to the first opioid
dose (IQR) was 1.2 h (0.2 - 3.8).

There were no QLB-related adverse events recorded dur-
ing the perioperative course for any patient including hypoten-
sion, arrhythmias, local anesthetic systemic toxicity (LAST),
convulsions, lower-extremity motor block, neurologic deficit,
local hematoma or infection.

Discussion

Regional anesthesia is an essential component of multimodal
pain control after pediatric surgery [2]. The QLB has gained
popularity as a non-opioid adjunct in lower abdominal surgery,
owing to superior analgesia and avoidance of neuraxial access
[10-12]. While several studies have demonstrated the utility of
the QLB in urological surgery and gynecological procedures
[13-17], limited reports exist to describe its application in pedi-
atric colorectal patients. This retrospective study summarizes
the characteristics and safety profile of the QLB for pediatric
patients following open lower abdominal and colorectal surgi-
cal procedures at a large tertiary care center. Our retrospective
review suggests that the QLB can be performed safely and ef-
ficiently in anesthetized patients with a high success rate, and
may serve as a useful analgesic adjunct for children undergo-
ing open colorectal surgery.

The QLB is an “interfascial plane block”, first described
by Blanco as a variant of the TAP block in 2007 [18]. The no-
menclature describing the various approaches to the QLB has
gone through multiple permutations in the literature over the
years. Recently, the American Society of Regional Anesthesia
and European Society of Regional Anesthesia issued a consen-
sus paper on the terminology surrounding regional anesthetic
techniques, including the QLB [19]. The three types of QLB
are described based on the location of the deposition of lo-
cal anesthetic in relation to the quadratus lumborum muscle
(QLM) [20, 21]. Regardless of the approach used, the mecha-
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Figure 1. Postoperative opioid requirement (a), opioid administrations (b), and pain scores (c). Data show the median values and

interquartile range. MME: morphine milligram equivalent.
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nisms responsible for analgesia are generally considered to
be local anesthetic spread along the thoracolumbar plane and
endothoracic fascia to the paravertebral space [22, 23]. In the
lateral block, the local anesthetic is deposited on the lateral
side of the QLM, at the level where the transversus abdominis
muscle tapers off its aponeurosis. In the posterior block, the
medication is deposited between the QLM and the medial
lamina of the thoracolumbar fascia. In the anterior/transmus-
cular block, the local anesthetic is deposited in front of the
QLM, at the level of its attachment to the transverse process
of the L4 vertebra. The “Shamrock sign” is defined in this ap-
proach, where the transverse process of L4 vertebra represents
the stem, with the erector spinae muscle as the posterior leaf,
psoas major muscle as the anterior leaf, and QLM as the lateral
leaf. It has been proposed that the anterior QLB may provide
a broader dermatomal coverage than its counterparts, as the
local anesthetic can spread more easily beyond the TAP to the
paravertebral space. All of the QLBs performed in the current
study were performed using the anterior approach based on
previous practitioner clinical experiences with difficulty in ex-
panding the inter-fascial space using the lateral QLB approach
or the transversus abdominal plane block in patients with an
ostomy in place. We postulate that regional inflammation from
previous surgical procedures may cause the inter-fascial layers
to become more adherent nearer to the ostomy.

The median volume of local anesthetic used for the QLB
in pediatric colorectal surgery in this review (0.6 mL/kg) is
comparable to prior reports [6, 7, 24, 25]. Contrast dye and
magnetic resonance imaging data in adult cadavers have sug-
gested that up to 20 mL of solution is required to achieve the
desired T7-L1 sensory blockade, making it frequently the vol-
ume of choice in adult patients. The volume and concentration
of local anesthetic used in reports describing QLBs in pediatric
patients has varied according to the weight, surgical procedure
and hence dermatomal coverage required, and provider prefer-
ence. Samerchua et al reported effective postoperative anal-
gesia with 0.2 mL/kg of 0.25% bupivacaine in the QLB for
pediatric inguinal hernia repair [24]. Alternatively, QLBs per-
formed by Oksuz et al and Sato for pediatric urological surgery
utilized 0.5 mL/kg of 0.2% bupivacaine or ropivacaine [5-7].
In comparing the aforementioned studies, there appears to
be limited correlation between postoperative pain scores and
the local anesthetic volumes used. It is reassuring to note that
there have not been any reports of LAST during performance
of QLBs in children likely related to the avascular nature of the
inter-fascial space, the routine use of ultrasound for QLBs, and
the relative lack of proximity to major vessels.

To our knowledge, this is the first large, single-center
retrospective study describing the use of the QLB in children
undergoing colorectal surgery. Unfortunately, a comparable
control group was not available at our institution during the
study period because the QLB has become established as rou-
tine care for patients following surgery for ostomy creation/
revision/reversal. As such, a true evaluation of analgesic effi-
cacy is limited. Therefore, we have compared our data to those
from a published cohort of similar patients that did not receive
a QLB. The mean pain score during the first 24-h postopera-
tive hours for our study cohort was 2 + 1. George et al reported
a mean 24-h postoperative pain score of 4.5 in 148 children

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

who underwent laparoscopic and open colorectal surgery, none
of whom received regional anesthesia [26]. The lower mean
pain score in our study cohort provides support for our use of
this technique as standard of care at our institution as it speaks
to the analgesic efficacy of the QLB further supporting the
evidence from the literature demonstrating improved analge-
sia with regional anesthesia versus systemic opioids. Further-
more, the median 24-h postoperative pain score (IQR) in our
study cohort was 1 (1 - 2), lower than the 5 (4 - 6) reported by
Sato et al in 22 children who received the QLB for ureteral
implantation [5]. Differences in our study cohort included the
predominant use of a unilateral QLB given the type of surgery
and placement via the anterior versus posterior approach used
by Sato and colleagues.

The first postoperative day opioid consumption (in mor-
phine milligram equivalents) in our cohort (0.7 mg/kg/day)
compares favorably to a report by Rizk et al of adult patients
who underwent open and laparoscopic colorectal surgery with-
out regional anesthesia receiving 44 and 21 mg/kg/day, respec-
tively [27]. A smaller retrospective study reported a mean opi-
oid consumption of 0.2 mg/kg/day in pediatric patients who
received the QLB for colorectal surgery, though it is unclear
whether this measurement was limited to the first postopera-
tive day or averaged for the entire hospital course [28]. In the
previously mentioned study by George et al, 98.7% of patients
required opioid medications postoperatively if they did not re-
ceive an epidural or truncal block [26]. In comparison, 85.3%
of children who received regional anesthesia in our investi-
gation required postoperative opioids within the studied time
period.

Enhanced pain control in our cohort is likely attributable
to analgesic coverage of somatic abdominal pain by the QLB.
However, persistent opioid requirement may be secondary to
the visceral pain component not completely alleviated by the
regional block. As a retrospective study, strict adherence to
guidelines controlling opioid administration was not in place.
Additionally, it is not feasible to regulate opioid administration
in older patients who were given patient-controlled analgesia
pumps (such as in cases of prophylactic self-administration).
As the median pain score does not directly correlate with the
maximum pain score, it is possible that narcotic medication
was administered for a higher pain score as opposed to the low
reported median.

Potential adverse effects of the QLB include lower limb
weakness (due to spread of local anesthetic to the lumbar plex-
us), delayed mobilization, and hypotension (due to spread of
local anesthetic to the paravertebral and epidural space). Reas-
suringly, records of these adverse events were not found in any
of the study cohort. This is remarkable given the large number
of patients, young median age, and larger local anesthetic vol-
umes described in this study compared to previous reports and
lends further evidence to the safety of the QLB in children.
While statistical calculation of the approximate complication
rate is not achievable with this study’s sample size, previous
randomized controlled trials have supported the safety of the
QLB in adults [21].

The QLB may provide additional advantages when com-
pared to neuraxial techniques such as a caudal epidural block,
including the ability to provide unilateral blockade, avoidance
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of motor blockade, and lack of urinary retention. Furthermore,
the technique can be used in patients with contraindications to
neuraxial analgesia including spinal dysraphism and coagula-
tion disturbances (Table 1). A large portion of our study cohort
contained patients with a diagnosis of anorectal malformation.
These patients are more likely to have known, or yet undetect-
ed, sacral abnormalities and/or tethered spinal cord that makes
caudal epidural block unadvisable.

As the QLB is central to the multimodal analgesic regimen
for colorectal surgery at our institution, this study is limited
by lack of formal control group. Inherent to the retrospective
nature of the study, standardization of the intraoperative anes-
thetic technique, the postoperative analgesic regimen, and the
concentration and volume of the local anesthetic agent as well
as adjunctive agents for the QLB were not feasible. Addition-
ally, although the majority of patients had procedures involv-
ing ostomy placement or creation, there were a variety of other
diverse surgical procedures. As such, block characteristics and
postoperative recovery (i.e., opioid consumption, pain scores)
could potentially fluctuate based on the degree of surgical in-
vasiveness, laterality of the QLB (unilateral vs. bilateral), and
patient co-morbid features. Although the postoperative anal-
gesic regimen was not controlled, given our routine clinical
practice, there is standardization for assessment of postopera-
tive pain including routine use of pain scores.

While the QLB has been described to provide comparable
or superior analgesia to TAP and neuraxial blocks for inguinal
hernia repairs and other urological/gynecological procedures
[5-7], its use in children is still not as widespread as in adults.
This may be due to institution-specific protocols and the expe-
rience and comfort of the provider. For example, the subspe-
cialty trained regional anesthesia team performs the majority
of QLBs at our institution. Despite these limitations, the tech-
nique appears to be rising in popularity in children as more
pediatric-specific data are published.

Conclusion

At our institution, the QLB has become the regional anesthetic
technique of choice for children undergoing ostomy-related
surgery. This retrospective review demonstrates that the QLB
can be performed safely and swiftly, with a high success rate
and a negligible adverse effect profile. The QLB appears to
enhance pain control after pediatric colorectal surgery, as sug-
gested by lower postoperative pain scores and reduced opioid
consumption when compared to prior published reports. Future
investigation should include randomized controlled prospec-
tive analyses of optimal local anesthetic dosing (concentration
and volume), use of adjunctive agents such as dexamethasone,
and efficacy across different types of invasive lower abdomi-
nal procedures.
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