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Purpose: Neonates present unique challenges for pediatric surgical teams. To optimize outcomes, it is imperative to standardize
perioperative care by using early extubation and multimodal analgesic techniques. The quadratus lumborum (QL) block provides
longer duration and superior pain relief than other single-injection abdominal fascial plane techniques. The purpose of this case series
was to report our initial experience with QL blocks in neonatal patients treated with intestinal ERAS.

Patients and Methods: Ten neonates requiring intestinal surgery at a single tertiary care center who received QL blocks between
December 2019 and April 2022 for enhanced recovery were studied. Bilateral QL blocks were performed with 0.5 mL/kg of 0.25%
ropivacaine per side with an adjuvant of 1 mcg/kg of dexmedetomidine.

Results: Gestational age at birth ranged from 32.2 to 41 weeks. The median age, weight, and American Society of Anesthesiologists
(ASA) score at the time of surgery was 5 days [range 7.5 hours, 60 days], 2.84 kg [range 1.5, 4.5], and 3, respectively. Bilateral QL
blocks were performed without complications in all patients. Two patients were outside the neonatal range from birth to surgery, but
were under 42 weeks gestational age when corrected for prematurity. All patients were extubated with well-controlled pain, and no
patient required reintubation within the first 24 hours. Postoperatively, median cumulative morphine equivalents were 0.16 mg/kg
[range 0, 0.79] and six patients received scheduled acetaminophen. Morphine (0.1 mg/kg) was administered to patients with a modified
neonatal infant pain scale (NIPS) score greater than or equal to 4, and pain was reassessed 1 hour after administration (Appendix).
Conclusion: When developing intestinal ERAS protocols, Bilateral QL blocks may be considered for postoperative analgesia in the
neonatal population. Further prospective studies are required to validate this approach in neonates.

Keywords: neonatal pain, neonatal regional anesthesia, early neonatal extubation, neonatal intestinal surgery, neonatal enhanced

recovery

Introduction
Neonates present unique perioperative challenges for the care teams. Several patients require complex surgical inter-
ventions and have increased perioperative morbidity and mortality rates. Prolonged intubation is associated with
increased adverse respiratory events, and the pharmacodynamics of opioids in neonates varies within a narrow ther-
apeutic window."™ To optimize neonatal patient outcomes, it is imperative to standardize perioperative care by using
early extubation and multimodal analgesic techniques. Enhanced recovery after surgery (ERAS) protocols encourage
perioperative standardization to improve the outcomes in several patient populations.

The implementation of regional techniques is often the cornerstone of enhanced recovery pathways. The addition of
fascial plane blocks to postoperative pain regimens often results in decreased postoperative pain and opioid use. The
quadratus lumborum (QL) block provides a longer duration of pain control than single-injection neuraxial techniques and
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superior pain relief compared to other fascial plane techniques for pediatric abdominal surgery.® The purpose of this
case series is to report our initial experience with QL blocks for neonatal intestinal ERAS.

Materials and Methods

Study Design and Population

After University Hospitals IRB approval (STUDY?20221455), electronic medical records were queried retrospectively at
a single tertiary care center to identify neonates requiring intestinal surgery who received QL blocks between
December 2019 and April 2022 for enhanced recovery. Data pertaining to patient demographics, surgical procedures,
block techniques, analgesics, and pain scores were also collected. Exclusion criteria included ASA physical status 1V,
local anesthetic allergy, surgical time greater than 6 hours, and significant comorbidities requiring post-operative
intubation.

The study protocol was approved by the ethics committee of University Hospitals. All data were collected con-
fidential by the authors. Written informed consent was obtained from the parents or guardians for publication of medical
data and imaging materials. All procedures in the study were in accordance with the ethical standards of the Declaration
of Helsinki 1964 and its later amendments or comparable ethical standards.

Anesthetic Technique

All neonates greater than 32 weeks gestational age, ASA physical status I-III, on room air or minimal oxygen
requirements, with absence of apnea spells, and requiring abdominal surgery were considered candidates for early
extubation and enhanced recovery with QL block. Informed consent for the regional technique was obtained from parents
or guardians.

Preoperatively, null per os (NPO) status was confirmed and the patients were maintained on intravenous (IV) dextrose
fluid. The perioperative care team handoff was completed and the pre-transport temperature was recorded. Patients were
transported to the operating room via NICU (neonatal intensive care unit) isolette to maintain euthermic conditions.
Normothermia was maintained intraoperatively using an overhead radiant warmer, underbody air warmer, and lined hat
placement. The room temperature was maintained above 26 degrees Celsius at all times. General anesthesia was induced
with fentanyl-1-3 ug/kg, rocuronium and maintained with sevoflurane. After the airway was secured with an endo-
tracheal tube and a timeout was performed, the patients were turned in the lateral decubitus position and ultrasound-
guided QL blocks were performed (Figure 1). A high-frequency linear ultrasound probe was placed on the iliac crest and
in the transverse position to the posterior axillary line. The fourth lumbar vertebral body and its transverse process, the
QL, erector spinae, and psoas muscles were also identified. A (40 mm) peripheral nerve block needle (SonoPlex) was
directed towards the thoracolumbar fascia from the posterior aspect of the transducer to the posteromedial anterolateral

Figure | Quadratus Lumborum block anatomy visualized with high frequency linear probe prior to injection, showing respectively the subcutaneous tissue (SQ), external
oblique (EO), internal oblique (IO), transversus abdominis (TA), quadratus lumborum (QL), and kidney.
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direction between the psoas and QL muscles, anterior to the QL muscle. After needle tip confirmation with hydrodissec-
tion of normal saline, 0.5 mL/kg of 0.2% or 0.25% ropivacaine and adjuvant (0.5 mcg/kg of dexmedetomidine were
injected per side), for a total of 1mL/kg of 0.2% or 0.25% ropivacaine and 1 mcg/kg of dexmedetomidine. All patients
received acetaminophen 15 mg/kg intra-operatively unless contraindicated, with additional fentanyl as required to treat
increases in heart rate or blood pressure greater than 20% of the baseline values. Goal-directed fluid therapy was utilized.
All the patients received antibiotics according to the perioperative surgical guidelines of the hospital.

At the conclusion of the surgical procedure, patients were assessed for extubation. Patients previously receiving IV
caffeine for apnea of prematurity in the NICU received one dose of caffeine citrate prior to extubation. The neuromus-
cular blockade was reversed using sugammadex 4 mg/kg prior to extubation. All the patients were successfully extubated
in the operating room after the procedure.

Postoperatively, patients received scheduled acetaminophen and breakthrough morphine per the NICU team assess-
ment and protocol. The exclusion criteria for scheduled IV acetaminophen included elevated bilirubin levels. Pain was
assessed every 4 hours using a modified NIPS score. This pain score includes all parameters found in the NIPS score and
accounts for variations in the vital signs. For patients with NIPS score greater than or equal to 4, rescue analgesia of
morphine (0.1 mg/kg) was administered and pain was reassessed 1 hour after administration (Figure 2).

Data Collection and Analysis
Patient demographics, diagnoses, operative details, and anesthetic records were collected. Frequency distributions and
means were determined for the baseline categorical variables.

Results

Ten neonates were identified and Table 1 presents demographic data regarding patient age, weight, and procedure. The
median age and weight at the time of surgery was 5 days [range 7.5 hours, 60 days] and 2.84 kg [range 1.5, 4.5]. One
patient had complex congenital heart disease and two patients had complicated comorbidities, including short bowel

« Included neonates >32 weeks GA, ASA I-ll, stable on
room air or minimal oxygen requirements, no pre-
operative apnea spells, requiring abdominal surgery

Pre'operatlve » NPO status confirmed
* Maintained on dextrose IV fluid
+ Multidisciplinary approach for peri-operative management
implemented

* ASA monitors applied
* GETA administered
« Pre-incisional antibiotics administered

- i » Normothermia maintained

Intra Operatlve * Pre-or post-surgical QLB performed

« Acetaminophen and fentanyl supplemented for pain
management unless contraindicated
* Goal directed fluid therapy
« Extubation * caffeine citrate if needed and transfer to NICU

+ Acetaminophen 15 mg/kg every 8 hours, unless
contraindicated

Post- rativ « IV morphine 0.1 mg/kg administered per NICU team
ost Ope ative assessment according to modified NIPS score

» Feeding resumed per surgical team assessment

ERAS Protocol

Figure 2 ERAS Protocol.
Abbreviations: GA, Gestational Age; ASA, American Society of Anesthesiologists’ Classification; NPO, Nil Per Os; GETA, General Endotracheal Anesthesia; QLB,
Quadratus Lumborum Block; NICU, Neonatal Intensive Care Unit; NIPS, Neonatal Infant Pain Scale.
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Table | Demographic Data of Case Series

Corrected Age at Time of Weight Procedure Performed
Gestational Age Surgery (kg)
(Weeks)
| 386 10 days 3.88 Laparoscopic leveling colostomy
2 41 13 days 3 Laparoscopic duodenal web excision
3 39 2 days 38 Exploratory laparotomy, colostomy creation

with mucus fistula, central line insertion

4 36.6 5 days 2.7 Open duodenal atresia repair
5 322 60 days 4.5 Laparoscopic gastrostomy tube placement
6 322 2 days 1.9 Laparoscopic duodenal web repair, tunneled

saphenous central line insertion

7 33.6 52 days 2.46 Exploratory laparotomy with jejuno-ileal

anastomosis, g-tube placement

8 34 5 days 1.53 Open excision of duodenal web with
transverse duodenoplasty

9 35.1 39 hours 2.5 Bowel ostomy

10 40.6 7.5 hours 38 Bowel ostomy

syndrome and adrenal insufficiency. Two patients were outside the neonatal range from birth to surgery, but were under
42 weeks gestational age when corrected for prematurity.

No major complications occurred during any of the anesthetic or surgical procedures. Ultrasound-guided QL blocks
were administered pre-operatively in 5 patients and post-operatively in 5 patients. The timing of block administration was
left to the discretion of the anesthetic provider. Most post-operative blocks are performed in cases with increased surgical
time, as a postoperative block provides full benefit and duration of the regional technique for postoperative analgesia.
Patients received standard 0.5mL/kg volume dosing of local anesthetic for the quadratus lumborum block with either
0.2% or 0.25% ropivacaine. Dexmedetomidine (1 mcg/kg) was added as a block adjunct to prolong block duration. All
patients were extubated at the end of the procedure, and none required reintubation within the first 24 hours after surgery.
Three patients with a history of apnea of prematurity received IV caffeine prior to extubation, but did not receive any
additional caffeine after their arrival back to the NICU. The median post-operative morphine equivalents were 0.16 mg/
kg [range 0, 0.79]. Six patients received scheduled IV acetaminophen 48 hours after surgery (Table 2).

Table 2 Block Data, Intraoperative and Post-Operative Pain Requirements

Patient Intraoperatively Postoperatively
Timing of Block Surgical Intraoperative Analgesia Modified | Acetaminophen ME
QLB Time Time (Intravenous) NIPS (I15mgl/kg Every | (mg/kg)
(Minutes) | (Minutes) Score 6 Hours for 24
Range Hours)
| Post-surgical 8 204 Acetaminophen, Fentanyl 3.87 mcg/kg 0-5 Yes 0.2
2 Post-surgical 10 246 Acetaminophen 0-3 Yes 0
3 Pre-incision 8 73 Acetaminophen, Fentanyl 2.63 mcg/kg 0-6 Yes 0.1575
(Continued)
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Table 2 (Continued).

Patient Intraoperatively Postoperatively
Timing of Block Surgical Intraoperative Analgesia Modified | Acetaminophen ME
QLB Time Time (Intravenous) NIPS (I15mg/kg Every | (mgl/kg)
(Minutes) | (Minutes) Score 6 Hours for 24
Range Hours)
4 Pre-incision 5 93 Acetaminophen, Fentanyl 0.74 mcg/kg 0-5 Yes 0.14
5 Pre-incision 2 44 Acetaminophen 0 No 0
6 Post-surgical I 242 Acetaminophen, Fentanyl 2.11 mcg/kg 04 Yes 0.15
7 Pre-incision 9 201 Fentanyl 3.04 mcg/kg 0-6 No 0.79
8 Pre-incision 5 130 Acetaminophen, Fentanyl 1.63 mcg/kg 04 No 0
9 Post-surgical 7 67 Acetaminophen, Fentanyl 1.97 mcg/kg 0-2 No 0
10 Post-surgical 9 71 Acetaminophen, Fentanyl 3.52 mcg/kg 0 Yes 0

Abbreviations: ME, morphine equivalent; NIPS, Neonatal Infant Pain Score; QLB, quadratus lumborum block.

Discussion

Standardization of perioperative care is essential to optimize patient outcomes. Implementation of ERAS protocols has
been shown to reduce post-surgical complications, hospital length of stay, hospital costs, and improve patient satisfaction.
The addition of multimodal analgesia and regional anesthesia techniques is vital for its success.

Neonates have significant pain management limitations with variable opioid pharmacodynamic profiles and a narrow
therapeutic window. These limitations often contribute to the occurrence of apnea and development of tolerance, which
can require postoperative intubation. Prolonged intubation has been associated with an increased incidence of adverse
respiratory events.

In addition, neuraxial techniques present technical challenges with potentially significant neurological
complications' ™ and often require a catheter for a prolonged duration of blockade and adequate postoperative pain
control. Fascial plane blocks have the benefit of increased block duration and allow the provider to forgo the catheter
placement. The QL block has been proven superior to other abdominal fascial plane techniques and caudal for
postoperative pain control.® The inclusion of multimodal and regional anesthesia techniques provides a solution for
the development and adaptation of ERAS protocols for neonatal patients. Recent ERAS Society initiatives have led to
consensus guidelines for neonatal intestinal surgery.”*

In 2020, the ERAS Society developed consensus guidelines for perioperative care in neonatal intestinal surgery
encompassing preoperative, intraoperative, and postoperative elements to enhance the quality of care in neonatal
abdominal surgery.” The guidelines were limited to neonates > 37 weeks of gestation without major comorbidities,
who underwent intestinal resection surgery within the first 4 weeks of life. Patients with complex surgical conditions,
such as necrotizing enterocolitis, abdominal wall defects, and short bowel syndrome, were excluded. Consensus evidence
on perioperative analgesia supports the use of multimodal analgesia in the postoperative period, with high-quality and
strong evidence to support scheduled postoperative acetaminophen and the use of regional techniques. Additional
recommendations of moderate quality and strong evidence were identified for using an opioid-limiting strategy and
managing breakthrough pain with the lowest effective dose of opioids.

The quadratus lumborum block was first described by Blanco et al in 2007, with the local anesthetic deposited
anterolaterally to the QL muscle. Since then, modifications have been made to the location of local anesthetic deposition.
Several studies have compared the safety and efficacy of different injection techniques.'®'

Multiple case reports have described the success of the transversus abdominal plane block in neonatal abdominal
surgery.'>'* One study evaluated blood bupivacaine concentrations after a transversus abdominis plane (TAP) block to
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identify the safe plasma levels of local anesthetics after fascial plane blocks in neonates. The highest upper prediction
limit for blood concentration was significantly lower than potentially toxic plasma levels, suggesting a low risk of local
anesthetic toxicity in neonates after abdominal fascial plane blocks."

Zhao et al conducted a meta-analysis of seven randomized controlled trials, including a total of 346 pediatric
patients undergoing lower abdominal surgery, in which the quadratus lumborum block was compared to other
analgesic techniques. Lower abdominal surgeries included inguinal hernia repair, orchiopexy, and hydrocelectomy.
The primary outcome measured was the rate and time to postoperative rescue analgesia, and the secondary outcomes
included postoperative pain scores, patient satisfaction, and block-related complications. The QL block resulted in
a significant reduction in the rate of rescue analgesia in the first 24 hours and reduced pain scores at 2, 4, and 12 hours
postoperatively. '

The role of QL block in the neonatal population is yet to be well described. Recently, a case report described the use
of bilateral QL blocks in a term neonate undergoing laparoscopic ovarian cyst removal. Their use of bilateral QL blocks
with intraoperative and postoperative acetaminophen allowed for an opioid-free anesthetic.'” This case series focuses on
the introduction of QL block for neonatal intestinal ERAS. Building on the current ERAS society guidelines, we
developed and implemented a protocol for neonatal patients utilizing the QL block as the regional technique of choice
in conjunction with scheduled IV acetaminophen for postoperative pain control. In contrast to the ERAS society
guidelines, three patients were less than 37 weeks post-conceptual age (PCA) at the time of surgery, one patient had
complex congenital heart disease, and two patients had complicated comorbidities including short bowel syndrome and
adrenal insufficiency. Despite the current guidelines, these techniques may benefit patients with more complex physiol-
ogy. The implementation of neonatal intestinal ERAS resulted in successful extubation in the immediate post-operative
period and allowed for adequate postoperative pain control. If patients required rescue analgesia, successful pain
treatment was achieved with an opioid-limiting strategy utilizing a reduced dose.

The limitations of this case series include the small sample size and lack of a control group, which can result in bias.
Additional prospective studies are needed to further evaluate the use of QL blocks for neonatal enhanced recovery.

Conclusion

The addition of QL blocks and scheduled acetaminophen administration for neonatal intestinal ERAS may provide
effective postoperative analgesia and minimize postoperative opioid requirements. Additional research is required to
evaluate the potential role of QL blocks as a regional technique for neonatal intestinal ERAS.
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