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Abstract

Pain management following posterior spinal fusion (PSF) in pediatric
patients can present significant challenges for clinicians. Opioids con-
tinue as the primary modality for managing postoperative pain in these
patients, despite well-known concerns regarding their adverse effect pro-
file such as the risk of dependence or abuse. Therefore, there has been
increased focus on multimodal analgesic approaches that incorporate
non-opioid medications, non-pharmacologic techniques, and regional
anesthesia. Commonly used non-opioid adjuncts include non-steroidal
anti-inflammatory drugs, acetaminophen, gabapentin, ketamine, and
intravenous lidocaine. Because of ongoing controversy and insufficient
evidence regarding different analgesic strategies, no definitive optimum
regimen has been established. We present a 14-year-old adolescent fe-
male patient with neuromuscular scoliosis scheduled for PSF. The anes-
thetic plan involved a unique combination of total intravenous anesthesia
(TIVA) and the placement of dual epidural catheters by the orthopedic
surgeon for postoperative analgesia. The basic tenets of perioperative
pain management for PSF are presented, perioperative concerns are dis-
cussed, and previous reports of regional anesthesia as an adjunct to gen-
eral anesthesia in pediatric patients with scoliosis are reviewed.
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Introduction

Pain management following posterior spinal fusion (PSF) can
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be challenging for anesthesiologists and pain management cli-
nicians. This difficulty is in part due to the extensive nature of
the surgery and the presence of multiple sources of pain in-
cluding nociceptive, inflammatory, and neuropathic etiologies.
Skin, subcutaneous tissue, muscles, ligaments, vertebrae, and
fascia are all considered sources of postoperative pain. More-
over, many scoliosis patients may have chronic pain, which
can result in the alteration of pain perception. PSF accounts
for more than 90% of surgical procedures performed for the
correction of scoliosis. Inadequate pain management results in
significant morbidities such as delayed postoperative recov-
ery, ambulation, discharge, and even persistent postoperative
pain. Despite a large body of literature focused on improving
postoperative outcomes following pediatric PSF surgery, there
remains a significant need for better analgesic options. With an
ever-increasing emphasis on multimodal, opioid-sparing tech-
niques, regional anesthesia is being relied upon more than ever
in both the adult and pediatric population [1, 2].

We describe perioperative pain management regimen us-
ing dual epidural wound catheters for a 14-year-old adoles-
cent, who underwent PSF. The basics of the perioperative pain
management of PSF are presented, perioperative concerns are
discussed, and previous reports of the use of regional anesthe-
sia as an adjunct to general anesthesia in pediatric patients with
scoliosis are reviewed.

Case Report
Investigations

A 14-year-old, 20 kg adolescent female patient with neuromus-
cular scoliosis was scheduled for PSF. Her past medical history
included chromosome 13q32 deletion, epilepsy, autonomic insta-
bility, nephrolithiasis, tracheostomy, and gastrostomy tube (GT)
dependence. Her mother reported that her daughter frequently
experienced episodes of autonomic “storming” characterized by
seizure-like activity, tachycardia, tachypnea, fevers, agitation, and
increased tracheal secretions secondary to pain. The patient had
a history of subglottic stenosis with tracheostomy dependence.

Diagnosis

Preoperative vital signs revealed temperature 36.7 °C (98.1
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Figure 1. Photograph of a 19-gauge wound catheter with 60 fenestra-
tions at the distal 150 mm of the catheter and break-away needle used
for insertion/skin tunnelling. The fenestrations allow an even spread of
the local anesthetic solution along the course of the catheter.

°F), pulse 88 beats/min, respiration 30 breaths/min, and oxy-
gen saturation 100%. The patient had a tracheostomy in place,
but cardiac and respiratory examinations were otherwise un-
remarkable. Preoperative laboratory evaluation including a
complete blood count, electrolytes, and renal function was
obtained. The hemoglobin was 9.2 g/dL with a hematocrit of
29%. Echocardiogram showed mildly impaired right ventricu-
lar relaxation with a small posterior pericardial effusion. The
anesthetic plan was total intravenous anesthesia (TIVA) and
regional anesthesia (dual epidural catheters placed intraop-
eratively by the orthopedic surgeon). We determined that this
patient would benefit from epidural anesthesia in addition to
our institution’s multimodal pharmacologic approach to post-
operative analgesia following PSF due to her complicated pain
history. Premedication included oral midazolam and aprepi-
tant via the gastrostomy, administered preoperatively. She was
held nil per os and transported to the operating room. Routine
American Society of Anesthesiologists monitors were applied.
Anesthesia was induced by the inhalational of incremental
concentrations of sevoflurane in 100% O,. Peripheral intrave-
nous (PIV) access was obtained with a 22-gauge catheter fol-
lowed by the administration of IV fentanyl (25 pg) and a small
dose of rocuronium (10 mg) to facilitate smooth endotracheal
intubation. After removal of tracheostomy tube, the patient’s
trachea was intubated orally with 6.0 mm cuffed endotracheal
tube without difficulty. Additional IV access was obtained, and
a left ulnar arterial line was inserted under ultrasound guid-
ance. To facilitate intraoperative neurophysiologic monitoring
(somatosensory and motor evoked potentials (MEPs)), mainte-
nance anesthesia included sufentanil (0.1 - 0.3 pg/kg/h), remi-
mazolam (5 - 10 pg/kg/min), and desflurane (0.5 minimum
alveolar concentration (MAC)). Neuromuscular blockade re-

Figure 2. Postoperative photograph after wound closure. One catheter
(red arrow) was threaded cephalad in the epidural space, while the
second catheter (blue arrow) was threaded caudally. Both catheters
exited the skin to the right of the surgical incision. The surgical site is
surrounded by a transparent antimicrobial drape. Anatomic landmarks
are labeled.

versal was not needed at this time due to satisfactory baseline
MEPs. Tranexamic acid (loading dose 50 mg/kg and mainte-
nance 5 mg/kg/h) was administered to decrease blood loss.
Cefazolin (50 mg/kg) and gentamicin (5 mg/kg) were admin-
istered for prophylaxis against a surgical site infection. Multi-
modal intraoperative pain management included methadone (2
mg), acetaminophen (15 mg/kg), hydromorphone (0.4 mg in
two divided doses), and fentanyl (75 pg in three divided doses).
Additionally, dual epidural wound catheters were placed into
the epidural space and surrounding vertebral space prior to clo-
sure of the incision. To ensure adequate coverage, two wound
catheters were placed in the epidural space, essentially span-
ning the entire length of the surgical incision. Two 19-gauge
wound catheters (InfiltraLong 600 wound catheters, Pajunk,
Geisingen, Germany) were used, each with 60 fenestrations at
the distal 150 mm of the catheter to provide an even spread of
the local anesthetic solution along the epidural space (Fig. 1).
The epidural space was accessed at the T, ,, interspace. One
catheter was threaded in a cephalad direction and the second
catheter was threaded caudally. Both catheters were tunneled
to exit the skin a few centimeters to the right of the surgical
incision (Fig. 2). A Tegaderm dressing with a chlorhexidine
gel pad was placed over the site where the catheters exited
the skin. The epidural solution included 0.2% ropivacaine with
0.4 pg/mL clonidine at a rate of 5 mL/h. A Y-connector was
used to allow a single epidural infusion pump to deliver the
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Table 1. Postoperative Pain Scores and Analgesic Require-
ments

Postoper- Median Maximum Hydromorphone
ative day FLACC score FLACC score PCA doses?

0 0 0 3 (0.3 mg)

1 0 5 8 (0.8 mg)

2 0 0 3 (0.3 mg)

3 0 2 4 (0.4 mg)

4 0 2 8 (0.8 mg)

5 0 0 1 (0.1 mg)

aEach PCA dose included 0.1 mg intravenous hydromorphone. FLACC:
Face, Legs, Activity, Cry, and Consolability scale; PCA: patient-con-
trolled analgesia.

solution equally to both catheters. Intraoperative fluids includ-
ed Normosol®-R electrolyte solution (750 mL), albumin 5%
(400 mL), cell saver autotransfusion (150 mL), and one unit of
packed red blood cells (283 mL). There were no intraoperative
anesthetic concerns or complications. The procedure lasted for
6 h. At the completion of the procedure, any possible residual
neuromuscular blockade was reversed with sugammadex (100
mg) and the patient’s tracheostomy tube was replaced. The pa-
tient was transported to the post-anesthesia care unit and then
admitted to the pediatric intensive care unit postoperatively.
The postoperative course was unremarkable. In addition to the
epidural infusion, the postoperative pain regimen included an
IV, demand only hydromorphone caregiver-controlled analge-
sia (CCA) pump, scheduled I'V acetaminophen (300 mg TID),
IV ketorolac (10 mg BID) and 1V diazepam as needed.

Follow-up and outcomes

CCA usage was minimal for the first 5 postoperative days
(POD) while the epidural catheters were in place (Table 1). The
patient’s median Face, Legs, Activity, Cry, and Consolability
(FLACC) scores were 0 every day postoperatively (Table 1).
The maximum FLACC score was 5 on POD 1, but <2 on other
days while the epidural catheters were in place. The patient ex-
perienced no episodes of autonomic storming following surgery.
Both epidural catheters were removed without complications on
POD 5 by the Acute Pain Service following a trial pause of the
epidural infusion. Oxycodone was ordered to be given through
the patient’s GT to mitigate potential increased pain following
catheter removal, but this medication was discontinued in less
than 2 days, and the patient’s pain remained well controlled. The
CCA was only utilized twice following catheter removal, and
no additional opioids were required during hospitalization. The
patient was discharged home on POD 19 due to other comorbid
conditions with prolonged postoperative course.

Discussion

Achieving optimum postoperative pain management follow-

ing PSF can be challenging in both adult and pediatric patient
populations. Minimizing exposure to opioids in the immedi-
ate/acute postoperative phase serves to decrease the overall
risk of developing dependence or abuse. Recently, there has
been significant interest in exploring multimodal opioid-spar-
ing analgesic regimens, including regional anesthesia such
as epidural and intrathecal (IT) anesthesia [3, 4]. There have
been previous reports regarding the use of regional anesthetic
techniques for postoperative analgesia following PSF. Feltz et
al retrospectively reviewed experience with IT morphine in
105 patients with adolescent idiopathic scoliosis (AIS), who
received PSF with instrumentation [5]. Patients were grouped
into two cohorts including PSF with a standard surgical proto-
col (n=40), while the second cohort received intraoperative IT
morphine in addition to the standard surgical protocol (n = 65).
The second group had a shorter length of stay (LOS) and had
decreased postoperative analgesic requirements. However, the
relatively shorter duration of IT analgesia is cited as a major
limitation to its use with analgesia lasting < 24 h [6]. Ibach
et al reported that following IT morphine for PSF, the opioid
requirements were higher during the 13 - 24 h period com-
pared to the 0 - 12 h period (23.0 + 12.5 mg vs. 159+ 1.7 mg
morphine). As the pain following PSF may persist through the
second postoperative day, continuing for up to 1 week, other
options may be needed.

To provide more long-term pain control, others have em-
ployed epidural anesthesia, erector spinae blockade, or dorsal
ramus catheters [7-14]. When considering epidural anesthesia,
given previous clinical experience, we have generally used a
dual catheter technique to provide effective coverage of the en-
tire length of the surgical excision which may span > 10 - 12
dermatomes/vertebral levels. In our retrospective experience in
14 pediatric patients with dual epidural catheters placed and left
in place for 5 days following PSF (11-14 levels fused), we noted
low opioid requirements, consistently low pain scores, and no
clinically significant adverse effects [8]. In 2005, Blumenthal et
al found that a double epidural technique provided better post-
operative analgesia, earlier recovery of bowel function, fewer
adverse effects, and higher patient satisfaction when compared
to IV morphine [11]. In contrast, a prospective, double-blinded,
randomized trial found no difference in patient-controlled anal-
gesia (PCA) use between epidural catheters containing bupiva-
caine versus normal saline placebo. However, limitations such
as malpositioned epidural catheters, catheter migration from the
epidural space, dilutional effect from bleeding at the surgical
site, or loss of the local anesthetic solution due to surgical site
drainage may impact analgesia. These studies emphasize that
variations in the technique of catheter placement and subsequent
use can influence analgesic efficacy.

Additional novel regional techniques to provide analgesia
after spinal surgery have included erector spinae and dorsal
ramus catheters [9, 10]. Almeida et al reported the use of bilat-
eral T8 erector spinae catheters placed on POD 1 in an effort to
control severe pain following lumbar spinal fusion (L2-S1) in
a 79-year-old female patient. Despite receiving various analge-
sic agents including pethidine, tramadol, paracetamol, metami-
zole, and ketorolac, the patient experienced severe pain (10/10
on a numeric rating scale). Pain levels decreased to 1/10 imme-
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diately after administering a bolus dose of ropivacaine 0.2%
(20 mL per side). The bolus dose was followed by a continuous
infusion of ropivacaine 0.2% at 5 mL/h for 48 h. This was sup-
plemented by two additional bolus doses of ropivacaine 0.2%
(15 mL per side per day). Xu et al reported the use of dorsal ra-
mus nerve blockade in a cohort of three pediatric patients fol-
lowing spinal surgery [10]. The bilateral multi-orifice infusion
catheters were placed intraoperatively by the surgeon at the
dorsal rami, lateral to the implanted pedicle screws. A continu-
ous infusion of 0.2% ropivacaine was started postoperatively
with the catheters left in place for 48 h. Pain scores and opi-
oid consumption were low in the three patients. These reports
suggest the potential benefits of adjunctive regional anesthesia
techniques to provide analgesia following spinal surgery.

In addition to the techniques described above, the increas-
ing use of liposomal bupivacaine (LB) for PSF surgery for
surgical site infiltration has demonstrated promising results.
In a retrospective analysis, Forrester et al found that among
a cohort of 105 patients undergoing elective posterior cervi-
cal or lumbar surgery, 48 patients who received LB directly
injected into the paraspinal muscles and subcutaneous tissue
during wound closure had a decreased LOS compared to the
control group (1.8 vs. 2.7 days) [15]. Additionally, these pa-
tients reported lower pain scores after surgery (5.2 vs. 6.4 at 24
hand 4.9 vs. 6.6 at 48 - 72 h), potentially facilitating early mo-
bilization, improved patient reported outcomes, and increased
engagement with therapy. Similarly, in a retrospective cohort
study of 119 patients with AIS undergoing PSF, those who re-
ceived an erector spinae block with LB in addition to the stand-
ard postoperative pain protocol had decreased total opioid use,
shorter LOS, and improved ambulation [16].

Although epidural anesthesia has proven to be effective,
it may alter the ability to assess postoperative motor function
if motor blockade or sensory changes occur related to the epi-
dural administration of local anesthetic agent. The presence of
motor or sensory changes may be attributed to the epidural
anesthesia and delay the diagnosis of more serious postopera-
tive complications such as bleeding or hematoma formation.
Therefore, low concentrations of local anesthetic, in combina-
tion with adjuncts like clonidine, should be used to enhance
analgesia while minimizing sensory or motor changes. Dosing
may be delayed until after the initial postoperative neurologic
assessment is performed to document the baseline examina-
tion. Intraoperative dosing is not recommended as it will inter-
fere with intraoperative neuromonitoring (IONM).

In an attempt to optimize the regimen in our patient, we
chose to use two multi-orifice catheters, which allowed cov-
erage of multiple surgical dermatomes/levels. Effective an-
algesia was achieved with low postoperative pain scores and
limited opioid requirements. However, despite increasing
experience, the efficacy of regional anesthetic techniques for
pain control after PSF remains a subject of controversy. Vari-
ations in technique may impact analgesic efficacy and evalua-
tion due to various factors, including the route of delivery (IT,
epidural, erector spinae, dorsal ramus catheters), mode of de-
livery (single dose, intermittent bolus, or continuous infusion),
number of catheters used (one vs. two), medications infused
(opioids, local anesthetic agents, clonidine), choice of opioid
(morphine, fentanyl, hydromorphone), and analgesic regimen.

Learning points

In conclusion, this case report describes effective postopera-
tive analgesia following PSF using a novel technique involv-
ing dual, multi-orifice wound catheters placed directly into
the epidural space. By using multi-orifice wound catheters,
we were able to administer the local anesthetic directly to the
entire span of the surgical incision. Although the patient was
discharged home on POD 19 due to other comorbid condi-
tions, the method provided effective analgesia with a medi-
an FLACC score of 0 until catheter removal on POD 5. The
technique was simple to perform and free of adverse events.
Our findings align with previous reports and warrant further
prospective investigations to validate the safety and efficacy
of this technique in pediatric patients undergoing PSF. Each
anesthetic technique has its own advantages and limitations,
highlighting the need for ongoing discussions to determine the
most effective approach on a case-by-case basis.
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