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INTRODUCTION

Over 150 million peripheral intravenous cath-
eter (PIVC) insertions occur in the United States
annually, making it the most common invasive
procedure performed in hospitals.! Complica-
tions associated with PIVCs include nerve
injury, vascular injury, and infiltration. Infiltration
of a PIVC is the unintended administration of
any medications or fluids into tissue surround-
ing the catheter.2® Infiltration occurs in approxi-
mately 13.7% of PIVC insertions and can have
significant perioperative patient safety conse-
quences.*® Risk factors for PIVC infiltration
include both equipment and care-related fac-
tors.5® While most PIVC infiltration events can
be managed conservatively, severe cases can
result in tissue injury requiring surgical interven-
tion, specialized wound care, persistent pain, or
loss of limb function.

In the acute perioperative setting, PIVC infiltra-
tion can introduce a unique set of complications
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leading to patient harm, including intraoperative
awareness, failed resuscitation, or compartment
syndrome. Infiltration events involving neuro-
muscular blocking agents (NMBAs) may occur in
the inpatient or outpatient surgery setting, com-
plicate patient care significantly, and warrant
additional considerations beyond tissue injury
prevention and wound care. Specifically, the
infiltration of a nondepolarizing NMBA risks sub-
sequent reabsorption and recurarization, poten-
tially resulting in muscle weakness, respiratory
insufficiency, and postoperative pulmonary
complications. Patients with compromised
hepatic and renal function may be at higher risk
of complications from NMBA infiltration. Unfortu-
nately, few resources from anesthesiology soci-
eties or guidelines inform the management of
this complication, whether it requires escalation
of care, or if more conservative treatments can
be prescribed. Anesthesiology professionals
may be faced with a dilemma on how to pro-

ceed while prioritizing patient safety, especially
when considering discharging same day sur-
gery patients with higher risk comorbidities.

INFILTRATION OF NEUROMUSCULAR
BLOCKING AGENTS

Relatively few studies and reports describe
the clinical effects of infiltrated NMBAs. Thirty
years ago, Korean researchers studied the clini-
cal effects of subcutaneously administered suc-
cinylcholine.® They found that patients receiving
equal doses of subcutaneous succinylcholine
had incomplete maximum depressed twitch
height and prolonged paralysis onset time, but
shorter paralysis recovery time compared to
intravenous (IV) administration. In contrast, inad-
vertent subcutaneous administration of a non-
depolarizing NMBA can prolong the onset and
duration of neuromuscular blockade (NMB) with
significant variability, making it difficult to pre-
dict neuromuscular recovery and complicating
subsequent management.®* The prolonged
onset and duration of NMB is due to the unpre-
dictable shifting of NMBAs from subcutaneous
tissues to the central circulation. While recurari-
zation of intravenously administered
rocuronium is possible after administration of
NMB reversal agents, recurarization risk is
increased when rocuronium has infiltrated into
the subcutaneous tissue, even in patients with
normal hepatic and renal function.*'® In pub-
lished cases, this “secondary recurarization”
occurred most commonly when patients were
administered additional “intubating doses” of
rocuronium (0.6—1.2 mg/kg of ideal body weight
[IBW])) after an initial infiltrated administration
(subcutaneous injection), along with suboptimal
dosing of NMB reversal agentss"”

In cases involving infiltrated rocuronium,
sugammadex has been successfully utilized to
reverse NMB in patients with and without renal
and hepatic dysfunction®?' Despite these case
reports, the short two-hour half-life of sugam-
madex and its molar 1:1 binding ratio may not
always result in a reliable and sustained rever-
sal of recurarization from infiltrated
rocuronium.® In the context of renal impairment,
where the half-life of sugammadex is prolonged

See “NMB Infiltration,” Next Page
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Local Circulation Can Significantly Alter the Predictability of Onset
and Duration of Infiltrated Neuromuscular Blocking Agents

From “NMB Infiltration,” Preceding Page

up to 4 hours in mild renal insufficiency and 19
hours in severe renal insufficiency, sugamma-
dex may confer a theoretical benefitin the man-
agement of infiltrated aminosteroidal NMBAs
when its binding capacity is not saturated.

MANAGEMENT OF NEUROMUSCULAR
BLOCKING AGENT INFILTRATION

While no guidelines for the management of
infiltrated paralytic exist, several strategies may
help reduce patient harm from this complication
(Figure 1). Even if its effectiveness is limited, the
PIVC should be left in place and medication
aspiration should be attempted. If the infiltration
is recognized after anesthesia induction drugs
have been administered and a non-depolariz-
ing NMBA was used, the subsequent induction
attempt through the new PIVC should consider
using a reduced dose of a hon-depolarizing
NMBA, avoiding redosing non-depolarizing
NMBA altogether, or switching to succinylcho-
line. Intraoperatively, the anesthesia team
should elevate the extremity with the infiltration,
apply warm compresses (dry heat) to facilitate
systemic uptake of drugs, demarcate the area
of infiltration, and consider administration of
hyaluronidase through the infiltrated PIVC and
intradermally around the leading edge of infil-
tration site.?? Serial exams should be conducted
along with surgical consultation if there remains

concern for tissue injury or compartment
syndrome.

Local circulation can significantly alter the
predictability of onset and duration of infiltrated
rocuronium.?® Techniques to improve the sys-
temic absorption of NMBAs may facilitate opti-
mal NMB reversal in the immediate
intraoperative period. Hyaluronidase and nitro-
glycerine paste have been utilized to acceler-
ate the systemic absorption of many infiltrated
medications and vesicants.?> Hyaluronidase is
an enzyme that hydrolyzes hyaluronic acid to
aid in the absorption and dispersal of injected
agents. Itis commonly used for the treatment of
severe infiltration events involving pH-related
and hyperosmolar vesicants. Hyaluronidase is
commonly available in a 1 mL vial containing
150 units, and can be administered using a
tuberculin syringe and 25-gauge (or smaller)
needle. One recommended administration
method is to dilute hyaluronidase to 15 units/mL
and perform five 0.2 mL injections (1 mL total)
around the leading edge of the infiltration site.??
Prior to the removal of the infiltrated PIVC,
15 units may be administered through the cath-
eter and repeated every 30—60 minutes until
the infiltration site resolves.???* The administra-
tion of hyaluronidase should occur optimally
within 1 hour of the infiltration event; improve-
ments in swelling may be observed within
15-30 minutes of enzyme delivery along the

Identification of Paralytic Infiltration

tissue plane.?® Similarly, the vasodilating effects
of nitroglycerin 2% paste can improve systemic
drug absorption when applied to one square
inch areas of infiltration, avoiding any areas of
skin breakdown.2526

NMB reversal needs to be carefully consid-
ered. Studies on the pharmacokinetics and
pharmacodynamics of subcutaneously admin-
istered steroidal NMBAs to support evidence-
based NMB reversal treatments are sparse and
have not included benzylisoquinoline alkaloids.
Only twelve case reports/case series and one
prospective study address the pharmacokinet-
ics and pharmacodynamics of subcutaneously
administered steroidal NMBAs 019212729 The
cohort of cases reviewed included 30 patients
and the NMBAs involved were pancuronium,
vecuronium, and rocuronium. It is possible that
the spontaneous degradation of benzylisoquin-
oline alkaloids at tissue pH may protect against
severe complications from their reabsorption,
hence the lack of infiltration reports involving
this class of NMBAs. Due to the paucity of data,
approaches to NMB reversal recommended in
the literature are based on the availability of
qualitative and quantitative monitors of NMB
depth and on general pharmacokinetic and
pharmacodynamic considerations, including
the hepatic and renal function of patients.

See “NMB Infiltration,” Next Page

Attempt medication aspiration

Place and utilize alternative intravenous access ‘

<

Immediate Actions

Demarcate infiltration site

Document type, dose, and time of medication
administered

Apply nitroglycerin 2% paste

<

Treat Infiltration Injury

Inject hyaluronidase through infiltrated PIVC and/or around
infiltration site

Apply dry, warm compresses and elevate the affected extremity

Avoid/reduce subsequent dose of non-depolarizing NMBA, or use
depolarizing NMBA

%

Decrease Recurarization Risk

Monitor intraoperative NMB depth with quantitative TOFR, if
available

Preferred paralytic reversal is sugammadex for rocuronium or
vecuronium infiltration

<

Postoperative Monitoring

Monitor extubated patients in PACU for secondary recurarization for a minimum of 4 hours ‘

Perform serial exams of infiltration site

Figure 1: Authors’ proposed algorithm to manage paralytic extravasation.

Neuromuscular blocking agent (NMBA); Neuromuscular blockade (NMB); Post-anesthesia care unit (PACU); Train-of-four ratio (TOFR).
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Quantitative Train-of-Four Ratio Monitoring Should Be Used
to Assess Residual Paralysis
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After initiating treatment for infiltrated NMBA,
every attempt should be made to reverse NMB,
with sugammadex being the preferred agent
for rocuronium and vecuronium.3° Intraopera-
tively, should the patient continue to have deep
levels of NMB or if sugammadex is unavailable,
the anesthesia professional may also elect to
keep the patient intubated postoperatively. If
only qualitative twitch monitoring is available or
the concern for residual NMBA at the infiltration
site remains, and NMB depth is mild-moderate,
the anesthesia professional should use stan-
dard reversal doses and monitor the patient
closely for clinical signs of recurarization in the
postanesthesia care unit (PACU). If quantitative
train-of-four ratio (TOFR) monitoring capabilities
are available and the infiltration site looks visibly
better at the end of the operation, patients may
still be monitored clinically but with the added
benefit of quantitative TOFR data to guide
reversal redosing. Previous studies have used
stimulation currents of 50 milliamperes to
detect residual paralysis in patients in the
PACU, but reducing the stimulation current
amplitude to below 40 milliamperes using a
newer commercially available electromyogra-
phy-based quantitative TOFR monitor can sig-
nificantly reduce discomfort in non-sedated
patients without compromising TOFR accu-
racy.¥' Due to the lack of predictability of subcu-
taneously injected paralytic absorption,
extubated patients without hepatic or renal dys-
function should be monitored for at least four
hours in the PACU2319.20 Both the patient and
nursing teams should receive counseling on
the signs and symptoms of residual NMB with
parameters to guide care escalation.

CONCLUSION

Infiltration events can cause significant
patient harm and complicate patient care in the
perioperative period. Should NMBA infiltration
occur, the anesthesia professional is presented
with the challenge of not only managing poten-
tial patient injuries but also preventing second-
ary recurarization from the unpredictable
reabsorption of NMBA from the subcutaneous
depot. Anesthesiology professionals should
remain aware of management options to
reduce adverse sequelae from this
complication.
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