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Abstract

Postoperative opioid exposure in opioid-naive patients may carry a 
risk of persistent opioid use. We present the case of a 16-year-old 
female with no significant family history who was recently diagnosed 
with neurofibromatosis type 1 and found to have a rapidly enlarging 
mass in her left upper extremity. She was scheduled for excisional 
biopsy. To minimize the need for postoperative opioids, analgesia 
via a continuous peripheral nerve catheter was employed following 
resection of the malignant peripheral nerve sheath tumor. This case 
report reviews the clinical applications of multimodal analgesia via 
a continuous peripheral nerve catheter in pediatric patients, including 
placement techniques and dosing considerations.
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Introduction

Peripheral nerve sheath tumors present a surgical challenge, as 
their anatomy predisposes patients to significant postoperative 
neuropathic and nociceptive pain [1]. Conventional pain man-

agement strategies often rely on parenteral opioids; however, 
these approaches raise important concerns, including the risk 
of persistent postoperative opioid use, physical dependence, 
and addiction [2–4]. These factors, combined with the ongo-
ing opioid crisis, which was estimated to be responsible for 
approximately 73,000 deaths in 2025, have intensified interest 
in minimizing postoperative opioid exposure through multi-
modal analgesic strategies [5].

Continuous peripheral nerve analgesia, such as that ad-
ministered via a peripheral nerve catheter (PNC), may provide 
superior postoperative analgesia compared to intravenous opi-
oids across a variety of surgical procedures [6]. This benefit is 
particularly evident in upper and lower extremity orthopedic 
surgeries, where the analgesic effect can be titrated and main-
tained over several days. When incorporated into comprehen-
sive multimodal analgesia protocols, continuous peripheral 
nerve analgesia may allow for complete avoidance of opioids 
in the postoperative period [7]. We report use of a PNC in a 
16-year-old female following excisional biopsy of a malignant 
peripheral nerve sheath tumor. The use of PNC for postopera-
tive analgesia is described, with emphasis on placement tech-
niques and dosing regimens.

Case Report

This retrospective review was approved by the Institutional 
Review Board of Nationwide Children’s Hospital (Columbus, 
OH, USA). The study was conducted in accordance with the 
hospital’s ethical standards for research involving human sub-
jects and in compliance with the principles of the Declaration 
of Helsinki.

A 16-year-old, 47.7-kg adolescent with a prior diagnosis 
of neurofibromatosis (NF) presented with the insidious onset 
of pain in her left upper extremity, followed by the develop-
ment of a palpable mass in the same region. Over the course of 
8 months, the mass progressively enlarged, leading to associ-
ated numbness and decreased motor function in the left hand. 
Magnetic resonance imaging of the upper extremity revealed 
a large, lobulated solid mass with central fluid signal charac-
teristics, concerning for a malignant peripheral nerve sheath 
tumor in the setting of underlying NF. The lesion demonstrated 
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partial encasement of the brachial artery and vein, as well as 
periosteal involvement of the humeral diaphysis. A whole-
body positron emission tomography scan showed a fluorode-
oxyglucose (FDG)-avid mass in the left upper arm with central 
necrosis. Two FDG-avid left axillary lymph nodes were also 
identified, representing either reactive changes or regional 
lymph node involvement. Computed tomography of the chest 
demonstrated enlarged axillary lymph nodes without evidence 
of pulmonary nodules.

The patient was scheduled for excisional biopsy. A post-
operative pain management plan was developed utilizing a 
continuous PNC, specifically, an interscalene catheter, with a 
low-concentration local anesthetic infusion for postoperative 
pain control. The goal was to provide effective analgesia while 
preserving motor function to avoid interference with the surgi-
cal team’s postoperative neurologic assessment.

On the day of surgery, the patient was transported to the 
preoperative area. She reported no history of adverse reac-
tions to previous anesthetic procedures and denied any family 
history of anesthesia-related complications. Vital signs were 
within normal limits. The preoperative evaluation was unre-
markable except for the presence of an upper extremity mass. 
The patient also reported paresthesia of the left thumb, first, 
and second digits, along with decreased grip strength. She was 
classified as American Society of Anesthesiologists (ASA) 
Physical Status III. Special considerations included the risk of 
blood loss and potential nerve injury, as the tumor was located 
in close proximity to the neurovascular bundle of the affected 
extremity. The patient was kept nil per os for 8 h prior to the 
procedure, and no premedication was administered. She was 
transported to the operating room, where standard ASA moni-
tors were applied. A 20-gauge peripheral intravenous cannula 
was inserted on the dorsal aspect of the right hand. Anesthesia 
was induced intravenously with midazolam (2 mg), fentanyl 
(100 µg), and propofol (4 mg/kg). Bag-valve-mask ventila-
tion was easy, and the airway was secured with a size 3 laryn-
geal mask airway (LMA). General anesthesia was maintained 
with sevoflurane at an end-tidal concentration of 1.8–2.2% 
in a mixture of air and oxygen. Cefazolin was administered 
for prophylaxis against a postoperative surgical site infection. 
Following the induction of anesthesia, a left-sided interscalene 
PNC was placed under sterile conditions. The superior, middle, 
and inferior trunks of the left brachial plexus (interscalene ap-
proach) were identified under ultrasound and a 5-cm, 18-gauge 
Tuohy regional blockade needle (B. Braun Contiplex® Tuohy 
Ultra 360 Set, Fig. 1) was advanced under ultrasound guid-
ance until the tip was positioned between the superior and 
middle trunks. Hydro-dissection with 0.9% sodium chloride 
was performed to facilitate placement, and a 20-gauge catheter 
was advanced through the needle with its tip located between 
these structures. The catheter was secured to the skin using a 
Tegaderm™ CHG dressing. At this time, the catheter was not 
dosed. The surgical procedure lasted approximately 120 min. 
Intraoperative findings revealed a large mass with a necrotic 
center arising from the ulnar nerve, with associated extrinsic 
compression of the brachial artery and vein. Due to the ex-
tent of involvement, complete resection of the mass without 
injury to the ulnar nerve was not feasible. The ulnar nerve was 
therefore transected, after which an excisional biopsy was suc-

cessfully performed. Neurorrhaphy was not possible following 
excision, as the distance between the proximal and distal ends 
of the ulnar nerve measured approximately 10.5 cm. Estimated 
blood loss during the procedure was 50 mL. Additional intra-
operative medications included dexamethasone (4 mg), ondan-
setron (4 mg), and hydromorphone (0.5 mg). No neuromuscu-
lar blocking agents were administered during the procedure, 
in accordance with prior discussion with the surgical team. 
Emergence from anesthesia was uneventful. Once the patient 
demonstrated adequate spontaneous ventilation, protective 
airway reflexes, and appropriate tidal volumes, the LMA was 
removed, and she was transferred to the post-anesthesia care 
unit (PACU) in stable condition. Following completion of the 
physical examination and documentation of neurological defi-
cits related to the surgical procedure, PNC dosing was initiated 
with a bolus dose of 0.1% ropivacaine (0.1 mL/kg), followed 
by a continuous infusion at 4 mL/h. Pain scores in PACU were 
less than 3 (self-report numerical rating scale of 1–10). The 
patient was discharged from the PACU 30 min after arrival. 
Her postoperative course was reassuring, with pain scores of 
0/10 and no requirement for opioid analgesia. The analgesic 
regimen consisted of a continuous infusion of 0.1% ropiva-
caine at 4 mL/h via the PNC, in addition to oral acetaminophen 
(650 mg every 6 h). Neurological examination demonstrated 
the expected deficits in the ulnar nerve distribution; however, 
motor and sensory function of the radial and median nerves 
remained intact. Beginning on postoperative day 1, the patient 
successfully participated in physical therapy and continued to 
progress appropriately. Given the adequate trajectory of her 
postoperative course and effective pain management with the 
ability to fully participate in physical therapy, the decision was 
made to continue the same infusion regimen via the PNC. The 
patient was discharged home on postoperative day 3. Anal-

Figure 1. A peripheral nerve catheter from a B. Braun Contiplex® Tuohy 
Ultra 360 set was placed under ultrasound guidance between the su-
perior and middle trunks of the brachial plexus using an interscalene 
approach. The catheter was placed through a 5-cm, 18-gauge Tuohy 
regional blockade needle.
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gesic infusion via the PNC was continued at home using the 
Avanos® AmbIT pain control system (Fig. 2). The catheter was 
subsequently removed at home without complications on post-
operative day 5.

Discussion

As discussed in this case report, our patient was able to have an 
early discharge from the hospital with her PNC in place. In order 
to achieve this successfully, there are key elements that need to 
be present. Appropriate patient selection includes reliable and 
motivated patients and/or caregivers, who are capable of follow-
ing home instructions. Contraindications to catheter placement 
include coagulation disturbances, true local anesthetic allergy, 
or infection at the insertion site. Comprehensive preoperative 
education should be provided through both verbal and written 
instructions covering pump operation, catheter management, 
recognition of complications, and proper catheter removal tech-
niques. Postoperative follow-up should provide patients and 
caregivers with continuous 24/7 telephone access to an anes-
thesiologist or acute pain service, supplemented by structured 
daily follow-up calls to monitor analgesia and identify potential 
complications. PNC removal may be safely performed at home 
by patients or caregivers under telephone guidance, although 
removal can also be completed during a postoperative surgical 
follow-up visit. With these concerns in mind, a multimodal an-
algesic regimen including a PNC in combination with supple-
mental oral medications (acetaminophen, NSAIDs, and rescue 
opioids as needed), can be used to provide superior analgesia 
and facilitate earlier hospital discharge.

In our patient, the interscalene approach was chosen given 
our familiarity with this approach to the brachial plexus and 
the perceived lower incidence of adverse effects (pneumotho-
rax) when compared to the supraclavicular approach. The in-
terscalene approach to the brachial plexus is known to provide 

excellent analgesia for the shoulder and proximal humerus; 
however, coverage of the ulnar nerve territory, which origi-
nates predominantly from the lower trunk, may be less reli-
able. A supraclavicular approach may provide more consistent 
blockade of the ulnar nerve distribution and could be consid-
ered more suitable for upper arm surgery. With the advance 
of ultrasound-guided techniques, the supraclavicular approach 
has been shown to be safe and effective and has therefore in-
creased in our clinical practice. Additionally, in our patient, the 
extent of the sensory block was determined primarily by the 
provision of excellent analgesia. Given that transection of the 
ulnar nerve was necessary during the surgical procedure, our 
patient may be at greater risk of chronic neuropathic pain in the 
ulnar distribution, and a more selective approach to the lower 
trunk may theoretically have been beneficial in prevention of 
long-term consequences of nerve transection.

Motor deficits resulting either from true nerve injury from 
the surgical procedure or the residual effects of local anesthetic 
agents are potential adverse effects related to peripheral re-
gional anesthetic techniques. In a previous study of benign pe-
ripheral nerve sheath tumors, new postoperative motor deficits 
were observed in approximately 6.3% of cases [8]. Similarly, 
studies involving limb schwannomas have reported that the 
postoperative neurologic deficit rate is 12.7% [9]. Preserva-
tion of motor function is therefore a critical component of the 
postoperative physical examination performed by the surgical 
team. For this reason, regional anesthesia is sometimes avoid-
ed from a surgical standpoint in favor of systemic opioids, de-
spite their associated adverse effects.

However, distinguishing true nerve injury from the effects 
of regional anesthesia using local anesthetic agents relies pri-
marily on the temporal course and clinical pattern of recovery. 
Local anesthetic agents produce a distribution-specific motor 
and sensory deficit that corresponds to the expected duration 
of the agent used. This typically ranges from approximately 
1–3 h with lidocaine to 6–12 h with longer-acting agents such 
as bupivacaine or ropivacaine. Resolution in these cases is 
characteristically progressive and complete. In contrast, true 
nerve injury presents as a conduction deficit that may persist 
for weeks or longer, depending on the severity of injury. When 
a motor deficit persists beyond 24–48 h, a residual local an-
esthetic effect becomes increasingly unlikely [10]. In the pre-
sent case, the patient demonstrated residual neurologic deficits 
in the distribution of the ulnar nerve, which were attributable 
to the surgical procedure itself. These were identified prior to 
dosing of the PNC for postoperative analgesia.

Moreover, the rationale for using local anesthetics is based 
on the differential nerve blockade principle. The nervous sys-
tem detects nociceptive signals primarily using small diam-
eter, thinly myelinated A-delta (Aδ) fibers and unmyelinated 
C-fibers. Whereas motor function is mediated by large-diam-
eter, heavily myelinated A-alpha (Aα) fibers. Local anesthetic 
agents, which generally have a high pKa, predominately exist 
in ionized forms at physiological pH allowing them to pen-
etrate the thin Aδ and C-fibers. However, the myelin sheath 
of the Aα fibers act as a diffusion barrier thus limiting mo-
tor blockade [11]. Dilution of the local anesthetic agent such 
as 0.1% ropivacaine used in our patient, is generally able to 
provide sensory nerve blockade while limiting motor blockade 

Figure 2. Ropivacaine (0.1%) was infused through the peripheral nerve 
catheter at home using the Avanos® AmbIT pain control system. The 
catheter was subsequently removed at home without complications on 
postoperative day 5.
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[12]. Therefore, leveraging this principle, a low-concentration 
local anesthetic infusion was employed to optimize analgesia 
while preserving motor function, enabling participation in phys-
ical therapy and maintaining adequate pain control to support 
early hospital discharge. This was chosen based on our usual 
clinical practice when postoperative neurologic evaluation is re-
quired to identify neurologic sequelae or deficits from the surgi-
cal procedure. In general, 0.1% ropivacaine is able to provide 
effective analgesia while limiting the impact on motor function 
and allowing ongoing neurologic assessment of the patient [13]. 
If analgesia had remained inadequate, a higher concentration of 
the local anesthetic solution (0.15–0.2%) can be considered.

Compared with opioids, regional anesthesia has demon-
strated superior outcomes in postoperative pain management 
following various surgical procedures. Techniques involving 
regional or local anesthesia were identified as key factors as-
sociated with improved postoperative pain scores at 2, 12, and 
48 h in a meta-analysis encompassing more than 800 studies 
across more than 50 countries [14]. Without regional anesthe-
sia, neither opioid-inclusive nor opioid-free strategies have 
consistently demonstrated superior analgesic efficacy in this 
context. Additionally, prolonged PACU stays have been ob-
served in cases where regional anesthetic techniques were not 
utilized. The use of regional anesthesia has also been shown to 
reduce postoperative opioid requirements by 50%, as well as 
the incidence of chronic pain and persistent opioid use [15].

Although regional anesthesia has been shown to be an 
effective means of providing postoperative analgesia, single 
shot techniques will provide only 8–12 h of analgesia. As ma-
jor orthopedic procedures may result in acute postoperative 
pain lasting 2–3 days, more prolonged methods of providing 
postoperative analgesia are needed. Hospital and home PNC 
programs have been shown to be safe and effective following 
various surgical procedures initially in adults and subsequent-
ly in pediatric-aged patients [16–22]. Continuous peripheral 
nerve blocks (CPNBs) have been established as a cornerstone 
of multimodal postoperative analgesia in adults with benefits 
ranging from decreased baseline pain, improved sleep, more 
efficient discharge readiness, decreased opioid use, and lim-
ited opioid-related adverse effects. Similar benefits have been 
noted in pediatric-aged patients where studies have shown 
that the majority of patients may not require the limited use 
of supplemental opioids. A longitudinal study of 1,285 chil-
dren discharged home with CPNBs demonstrated that 75.4% 
required no supplemental opioids or only as-needed oral opi-
oids, with a mean catheter duration of approximately 51 h [19, 
23]. No neurologic deficits were observed at 6-month follow-
up. Subsequent pediatric studies have confirmed the feasibil-
ity, analgesic efficacy, and high satisfaction associated with 
this approach. Although awake placement may be feasible in 
adults, when used in pediatric-aged patients, PNCs are gener-
ally placed under general anesthesia.

Bupivacaine and ropivacaine are the two most commonly 
utilized local anesthetic agents for analgesia via PNCs in pedi-
atric patients. Infusion rates are typically limited to 0.2–0.3 
mg/kg/h in children. Dosing is further limited to 0.1–0.2 mg/
kg/h in neonates and infants because of the heightened risk of 
local anesthetic systemic toxicity (LAST) related to immature 
hepatic metabolism and reduced protein binding. Chloropro-

caine has also been used as an alternative agent, with recom-
mended infusion rates not exceeding 12 mg/kg/h, although 
systemic toxicity is uncommon given its rapid ester hydrolysis 
and favorable pharmacokinetic characteristics [24].

Consistent with literature, major complications associated 
with this analgesic modality are uncommon in both adult and 
pediatric populations. While catheter colonization rates have 
been reported between 6–46%, clinically significant infections 
remain rare, with reported rates of 0.1–2.9%. Established risk 
factors include catheter duration exceeding 48 h, intensive care 
unit (ICU) admission, lack of antibiotic prophylaxis, and femo-
ral, axillary, or groin catheter locations. Therefore, ASRA Pain 
Medicine guidelines strongly emphasize adherence to strict 
aseptic technique during catheter placement [25]. Clinically 
relevant neurologic injury related to PNCs has been shown to 
be uncommon in both adult and pediatric patients. Catheter 
dislodgement, obstruction, migration, and leakage may occur; 
however, these events are typically minor and rare. LAST is 
exceedingly uncommon when dilute, low-concentration local 
anesthetic solutions are administered within recommended 
dose limits [7, 26, 27].

Learning points

Current guidelines recommend incorporating regional anes-
thesia as part of a multimodal analgesia strategy to improve 
analgesia, shorten the postoperative inpatient course, and limit 
postoperative opioid use. The physiologic effects of regional 
anesthesia including PNCs may extend beyond effective an-
algesia, as ongoing clinical evidence has linked regional anes-
thesia with additional beneficial physiologic effects. Blocking 
afferent nociceptive signals with regional anesthesia may blunt 
the neuroendocrine surgical stress response, reduce the release 
of catecholamines and cortisol, attenuate systemic inflamma-
tion and decrease the incidence of delirium, hyperalgesia, and 
chronic pain development [28].

Ideally, opioid medications should be reserved as rescue 
adjuncts rather than the primary analgesic technique. Multi-
modal pain management has undergone substantial develop-
ments in recent years and continues to expand with the use of 
home PNCs and local anesthetic infusions using deposable de-
vices. This approach is particularly important in the context of 
the ongoing opioid epidemic, in which both pediatric and adult 
populations remain at risk for opioid dependence and persis-
tent postoperative opioid use. The current study demonstrates 
the feasibility of home use of a PNC to control pain follow-
ing surgical excision of a large peripheral nerve sheath tumor. 
Multidisciplinary cooperation between the perioperative anes-
thesia and surgical teams allowed the controlled use of a dilute 
local anesthetic infusion while permitting ongoing neurologic 
examination in a patient with the potential for postoperative 
neurologic deficits.
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