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Abstract. Local anesthetic systemic toxicity after brachial plexus block with ropivacaine: a case report.
Tutunnyk A.G., Mynka N.V., Kobelyatskyy U.U. The aim of this article is presentation of clinical case of local
anesthetic systemic toxicity (LAST). Local anesthetic systemic toxicity is a rare but life-threatening complication.
Ropivacaine is widely used for the regional blocks and rarely leads to the development of LAST. LAST may develop due
to intravascular injection or high dose of ropivacaine. We present the case of 48-year-old-female (ASA I, 56 kg, and
165 ¢cm), who underwent surgery on the right shoulder under brachial plexus block. Brachial plexus nerve block was
performed by interscalene access with introduction of 40 ml of 0.75% ropivacaine (300 mg). Twenty minutes after the
injection, complete sensory/motor block was achieved. Twenty-five minutes after the injection, the patient complained of
numbness in the tongue, tinnitus and dizziness. During this time, her blood pressure was 132/83 mmHg, heart rate
82 beats/min. oxygen saturation 97%. No changes were observed on the ECG. Suspecting ropivacaine-induced toxicity,
50 mg of thiopental sodium followed by 2 mg of midazolam were administered for seizure prophylaxis, and supplemental
oxygen was given via face mask. Patient’s state improved in 10 minutes. Ten minutes later 20% intralipid emulsion bolus
during 2-3 min was administered followed by continuous infusion at a dose of0.25 ml/kg/min. Against clinical stablility
and consciousness of the patient, decision was made to proceed with surgery, which was uneventful. Implementation of
preventive measures can decrease the possibility for development of complications and emergency treatment can safe
patient’s health and life. Preventive measures should include implementation of ultrasound nerve location guidance,
individual calculation of local anesthetic dose, taking into account sex, weight, and physical status of a patient.

Pegepar. CucTeMHa TOKCHYHICTh MiCIIEBOTO aHECTeTHKA MicJsl OJOKY IUIEYOBOro CIVIETIiHHA 3 pomiBakaiHoM:
kiaiHiyanii Bunagaok. TwtonHuk A.I'., Munka H.B., Kobeassubkuii ¥0.Y0. Memorw yici cmammi € nasedenns
KAIHIYHO020 GUNAOKY GUHUKHEHHS. CUCeMHOT mokcuynocmi micyegozo anecmemuka (CTMA). Cucmemna moxcuunicms
Micyegozo anecmemuka € piokum, ane HebesneuHum O dcumms yCckiaonenusm. Ponisakain wiupoxo euxopucmo-
8YEMbCsL /15l PEIOHANLHUX OIOKI8 Ma MALo Koau npu3600ums 00 pozeumky CTMA. Cucmemna moxcuunicms micyeso2o
aHecmemuKka po3eUSAEMbCsl 6HACIOOK 11020 GHYMPIUHLOCYOUHHO20 88€0eHHs aDO 3ACMOCY8anHs 8ucokoi dosu. Mu
npesenmyemo KuiHiuHul 6unadox 48-piunoi nayicumxu (ATA I, 56 ke, 165 cm) 3 onepayicio na npasomy nieui nio 610Kom
neu0602o cniemints. bnox niewosoeo cnaeminns 6y6 GUKOHAHULL MidcOpabunyacmum 0ocmynom 3 66eoenusm 40 mu
0,75% ponisaxainy (300 m2). Yepes 06adysms xeunun nicis 66e0eHHs 0Y8 OMPUMAHUL CEHCOPHUT/MOMOPHULL OJIOK.
Yepesz 06adysimb n’simb XEULUH RICHSL 86€0€HHSL NAYIEHMKA NOCKAPAUCULACH HA 3AHIMIHHS A3UKA, WYM Y 8yXax md
sanamopouenns. V yeii uac ii apmepianvruti muck o0ys 132/83 mm pm. cm., yacmoma cepyesux ckopouersv 82 yo./xs.,
camypayis kuchem 97%. Ha enexmpoxapodiozpami ne cnocmepizanoce 3min. 3anioo3peno indyKosamy ponieaxainom
MoKcuyHicmv, momy 6y10 8eedeno 50 me mionenmany Hampito ma 2 mMe Mi0a3onamy 3 Memoro 3anobieanus po3eumKy
€cyoom ma 000aHO KuUCeHb Kpizb auybosy macky. Cman nayichmku nokpawuecs yepes deciams xeuiun. Yepes decsamo
xeunun Oyno esedeno bomoc 20% inmpaninioy npomsieom 2-3 X6UIuH, 3 NOOAIbULONO NOCMINHOIO IHPY3IEI0 6 003Q
0,25 mn/xe/xe. Ha mai kniniunoi cmabineHocmi ma c8i0omMocmi nayieHmiu OYio YX8aieHo PileHHs Wo00 NPo6edeHH s
onepayii, sika npouuiia 6e3 ycKiaoneHs. Iuniemenmayis npeeHmueHUX 3ax001i6 MOiCe 3HUUMU BIPOLIOHICIb PO3GUMKY
VCKIAOHeHb, a HeBIOKIAOHe JNIKY8aHHs 30epeemu dcumms ma 300pos’s nayienmis. IIpeeeHmugHi 3axo0u NOSUHHI
BKIIOUAMU 3ACMOCYBAHHSL MemOOI8 YIbmpasgykoGoi 1oKayii Hepeis, IHOUBIOYAIbHO20 PO3PAXYHKY 003U MICYE8020
aHecmemuKa, 6paxo8ylOuU CMmams, 6a2y ma (QI3UdHUL cmamyc nayieHma.

Local anesthetic systemic toxicity (LAST) is occur from excess local anesthetic binding of the
uncommon but dangerous critical event. LAST may intracellular portion of the voltage-gated sodium
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(VGNa) channel. VGNa channel consists of the main
alphasubunit linked to one or more beta-subunits. The
alpha subunit is the functional ion channel that has
binding sites for local anesthetics, and the beta subu-
nits modulate the kinetics and voltage dependence for
activation/inactivation. The binding of the local anes-
thetic (LA) leads to a conformational change, which
inactivates the channel and creates a positive charge
in the lumen of the VGNa channel, effectively bloc-
king influx of Na [2].

LA can interfere with cell membrane signaling,
which in turn affects multiple cellular processes of
cyclic adenosine monophosphate, protein kinases.
The LA also changes mitochondrial metabolism, ade-
nosine triphosphate production, and ryanodine recep-
tor. Blockade of Na channels by LA affects many
sites. When Na channels are blocked, there is a dec-
rease or cessation of conduction of action potential,
which leads to vasodilation. In the heart, it leads to
decreased excitability and prolonged refractory pe-
riod. In central nervous system (CNS) it leads to
increased excitability followed by generalized dep-
ression. The multitude of sites affected by the LA is
what makes LAST have complex clinical presentation.

The cardiovascular system (CVS) and central
nervous system are the most affected systems in
LAST and accounted for the most of the clinical
symptoms. High plasma concentration of LA in the
nervous system leads to blockade of inhibitory
cortical pathways by blockade of Na channels, which
is presented as visual and sensory changes and
eventually seizures. Increased plasma concentration
affects the excitatory pathways, leading to depression
of neurological activity ranging from altered level of
consciousness to respiratory arrest [1, 8].

High plasma concentration of LA in the CVS leads
to changes in conduction and contraction. Early
tachycardia and hypertension may develop due to
sympathetic activation, dysrhythmia and myocardial
dysfunction. Conduction is primary affected, leading
to more negative membrane potential. This leads to
reentrant dysrhythmias. Bradycardia, ventricular
arrhythmias, hypotension and cardiac arrest are the
classic clinical features of LAST [8].

The research was conducted following the fun-
damental regulations stated in the “Ethical Principles
for Medical Research Involving Human Subjects” as
established by the Helsinki Declaration (1964-2013),
ICH Good Clinical Practice (1966), Directive
609/EEC (as of 24.11.1986), and the Orders of the
Ministry of Health of Ukraine No. 690 as of
23.09.2009, No. 944 as 0f 14.12.2009, and No. 616 as
0f 03.08.2012. The patient was fully informed about
objectives, organization and research methods, and
provided informed consent to participate in the study.
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All measures were taken to ensure the patient’s
anonymity.

The material of this study was reviewed at the
meeting of the Bioethics Commission of Dnipro State
Medical University and approved by the Protocol
No. 13 as of 08.11.2023.

A 48-year-old-female (ASA I, 56 kg, and 165 cm)
was scheduled for surgery on the right shoulder under
brachial plexus block. There was no medical history
of neurological or cardiovascular disease. Phy-
sical examination and electrocardiogram (ECG)
were unremarkable.

The patient did not receive any sedatives before
surgery. In the operating room, standard monitoring
(pulse oximetry, noninvasive blood pressure cuff, and
ECG) was applied. Using an insulated needle (Sti-
muplex A, B. Braun, Germany) and nerve stimulator
(Stimuplex HNS, B. Braun, Germany) an interscalene
brachial plexus nerve block was performed to provide
anesthesia. Once a nerve response with a current of
0.5 mA was obtained, a total dose of 40 ml of 0.75%
ropivacaine (300 mg; 5.36 mg/kg) without epine-
phrine was slowly injected with negative aspiration in
5 ml increments. Verbal communication was made
during injection, and no early signs of systemic toxi-
city were noted. Ten minutes after the injection, sen-
sory block was complete in the right shoulder.
Twenty minutes after the injection, complete motor
block was achieved.

Twenty-five minutes after the injection, the
patient complained of numbness in the tongue,
tinnitus and dizziness. During this time, her blood
pressure, heart rate, and oxygen saturation was
132/84 mmHg, 80 beats/min, and 99%, respectively.
No changes were observed on the ECG. Suspecting
ropivacaine-induced toxicity, 50 mg of thiopental
sodium followed by 2 mg of midazolam were admi-
nistered for seizure prophylaxis, and supplemental
oxygen was given via face mask.She recovered over
10 minutes. Patient had no recall of the preceding
events, had no sequelae, and was informed. Ten
minutes later 1.5 mg/kg of 20% intralipid emulsion
bolus over 2 to 3 min was administered followed by
continuous infusion at 0.25 ml/kg/min. As the patient
remained clinically stable and her mental status had
return to baseline, a decision was made to proceed
with surgery, which was uneventful.

There are three forms of LAST that have been
described. First is “instant” LAST from accidental
intravenous injection of large volume of LA, leading
to cardiovascular collapse and seizures within short
time. Second scenario of “instant” LAST is accidental
intra-arterial injection of LA during peripheral nerve
blockade, resulting in immediate, short-lived seizu-
res, rarely associated with cardiovascular events due
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to the small volume administered. Third, “slow”
LAST results from total overdosing, excessive
absorption, or reduced LA metabolism and can occur
up to half an hour after injection.

CNS is more susceptible to LAST than CVS. This
means that the serum concentration of LA required to
develop LAST symptoms is lower for the CNS then
for the CVS. This is the reason that CNS toxicity is
the most common and often initial symptom [9]. Dif-
ferent LAs have different cardiotoxicity. Lidocaine
and mepivcacaine mainly represent decreased con-
tractility, while ropivacaine and bupivacaine are
negatively inotropic and highly arrhythmogenic [11].
Bupivacaine has been considered more cardiotoxic
when compared with ropivacaine because smaller
doses are needed to produce toxicity. It’s important to
take into consideration the 40 — 50% potency diffe-
rence between them. Therefore, comparison has to be
based on clinically equivalent doses. Basically, bupi-
vacaine and ropivacaine are almost equal in causing
CNS symptoms. It is essentially that bupivacaine
occupies VGNa channel for prolonged period of
time.Ropivacaine is LA with a long duration of action
providing increased safety as compared to bupi-
vacaine, because of the reduced cardiovascular and
central nervous system toxicity. The lower toxicity of
ropivacaine may be advantageous, enabling large
doses to be used. Brachial plexus block performed by
doses up to 40 ml of 0.75% ropivacaine (300 mg) pro-
vided good anesthesia without CNS and CVS toxicity.

The rate of LAST is not known, as some cases
may not be reported. Nearly all available data are
from case reports and retrospective analysis. Overall
incidence is 0.03% or 0.27 per 1000 peripheral nerve
blocks (PNB) from major retrospective studies [9].

The risk factors for LAST include age, coexisting
diseases, pregnancy, agents and type of regional
anesthesia technique. The pediatric and geriatric age
groups are commonly recognized risk factors.
Coexisting diseases such as cardiovascular, meta-
bolic, hepatic and renal dysfunction, mitochondrial
disease are reported to have a high risk of LAST.
Almost all LA have been reported with LAST. The
most commonly used agents, namely, bupivacaine,
ropivacaine, and lidocaine, account for about 80 to
90% of all reported cases of LAST. Interscalene nerve
block had the highest incidence (23%) of LAST
among peripheral nerve blocks (PNBs) [9].

Strict safety measures with close monitoring and
avoidance of risk factors are required to prevent or
limit the severity of LAST. Restricting LA dose
within the recommended dosage and customizing it to
each patient depending on their clinical condition is a
crucial in prevention of LAST. Incremental bolus,
slow injection rate, and gentle aspiration between
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injections are recommended measures to avoid
toxicity. Addition of epinephrine in low doses to the
LA acts as a marker for intravascular injection by
increasing the heart rate and systolic blood pressure.
Multiple studies have shown that ultrasound guidance
for PNBs reduces risk of LAST [10].

Management of LAST includes general suppor-
tive measures and specific therapeutic interventions
for reducing toxicity. Management differs from other
perioperative cardiac arrest scenarios. As soon as
LAST is suspected, injection/infusion of LA should
be stopped immediately, and more help sought to
begin resuscitation measures.

Basic supportive measures to open/maintain air-
way, oxygenation, and ventilation are essential for
survival and positive outcome. Hypoxia, hyper-
capnia, and acidosis have been shown to impair re-
suscitation and worsen the outcome [12]. Cardiac
arrest or cardiovascular collapse demands immediate
start of cardiopulmonary resuscitation (CPR). Effec-
tive CPR is essential to provide adequate coronary
perfusion, which is the only way to decrease the local
anesthetic concentration at the tissue. It has been
shown that positive inotropic effects of lipid emulsion
are expected only below certain levels of myocardial
local anesthetic concentration. Specific therapeutic
interventions differ from standart resuscitative mea-
sures. If the situation requires use of epinephrine, it is
recommended in small doses, less than 1 ug/kg.
Epinephrine in standard doses has been shown to
impair gas exchange and cardiac function in animals
with LAST. Other significant differences include
avoiding vasopressin, calcium channel blockers, and
beta-blockers during cardiac resuscitation in LAST.
Amiodarone is the drug of choice, and lidocaine is
contraindicated in these situations.

In case of seizures, airway management, mecha-
nical ventilation, and seizures control are crucial to
avoid hypoxia and acidosis. Benzodiazepines are the
first choice for seizures control in these clinical cases.
Propofol can control seizures but could cause further
deterioration in cardiovascular stability, hence
avoided. If seizures are not controlled with benzo-
diazepines, small doses of neuromuscular blockers
can be used to prevent deterioration caused by hypo-
xia and acidosis [10, 11].

Use of intravenous lipids in treatment of LAST
has been a major advancement and a real “game
changer”. Intravenous lipids are now a vital compo-
nent of guidelines and checklists recommended for
management of LAST [10]. Intravenous lipid is admi-
nistered as an initial bolus and continued with a con-
tinuous infusion. In patients over 70 kg, recommended
initial bolus is 100 ml over 2 to 3 min and infusion of
200 to 250 ml over 15 to 20 min. Recommendation for
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bolus dose in patients less than 70 kg is 1.5 ml/kg over
2 to 3 min and continuous infusion at 0.25 ml/kg/min.
The initial bolus can be repeated or infusion doubled
if hemodynamic stability is not achieved. Lipid
infusion should be continued for about 10 min after
the patient hemodynamic is stabilized. Maximum
recommended initial dose of lipid is 12 ml/kg.

Among risk factors for LAST interscalene block
had the highest incidence (23%) of LAST [4].

Although the cardiovascular system and central
nervous system are the most affected systems in local
anesthetic systemic toxicity, in our case only central
nervous system was affected clinically.

Multiple safety measures may be used including
incremental bolus, slow injection over a period of
time, and gentle aspiration between injections to
avoid adverse effects [5].

In our case patient experienced ‘slow’ LAST
results from overdosing, and excessive absorption
occurred twenty two minutes after injection. In
Finland and United States the maximum recom-
mended dose of ropivacaine for brachial plexus block
is 300 mg. However, standard doses cannot be used
to every patient [10].

In our case 300 mg (5.36 mg/kg) of ropivacaine
was used for interscalene block, and local anesthetic
toxicity occurred on twenty five min. Plasma
ropivacaine level was, unfortunately, not measured in
the case presented here. However, the delayed onset
of the symptoms and complete brachial plexus block
suggest a nonintravascular injection, indicating rapid
absorption of a large dose of ropivacaine. Therefore,
300 mg of ropivacaine may have been excessive in
this patient. Several previous studies have reported
that 300 mg of ropivacaine could produce local anes-
thetic toxicity limited to central nervous system.

Basic supportive measures to maintain airway,
oxygenation were administered to prevent hypoxia,
hypercapnia, and acidosis.

Administration of intravenous lipids early in the
treatment is highly recommended. Lipids should be
considered soon after airway management as timely
administration can make a significant difference in
outcome [6]. Several animal studies have shown that
administration of intravenous lipids before epine-
phrine improves survival and cardiac stability. Over
the last years, the role of lipids in the treatment of
LAST has not only been established, but advances
have been made in understanding the mechanism of
intravenous lipids in treatment of LAST [7]. The
current understanding is that the lipids have multiple
mechanisms of action in reversal LAST. The first
mechanism is the “scavenging effect” where lipids act
as a shuttle. Lipid as a shuttle helps to redistribute LA
from high-blood flow organs such as the heart and
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brain to organs of storage (muscles and adipose tissue)
and detoxification (liver). The dual action of binding
and redistribution explains the action as a “lipid
shuttle” rather than a “lipid sink™ as it was originally
described. The second mechanism is the direct cardiac
and vascular effects of intravenous lipids resulting in
improved cardiac output and increased blood pressure.
Third mechanism is cardio-protective effect by
decreasing ischemic reperfusion injury and improving
cardiac recovery. Lipid emulsion rarely causes adverse
effects. Allergic reactions, hyperlipidemia, immuno-
modulation, hypercoagulability, and venous throm-
bosis have been reported with intravenous lipids.
Adverse effects such as pancreatitis, acute respiratory
distress syndrome, interference with laboratory
analyses, renal replacement therapy, and extra-
corporeal membrane oxygenation have been reported
[6]. These data are mostly from toxicology literature
when lipids were used for the treatment of overdose of
medications other than LAs, but awareness of these
effects would help in the after care of patients. Next
generation of lipid antidotes such as liposomes are in
developmental and investigational stage.

Multiple studies have shown that ultrasound
guidance for PNBs reduces risk of LAST [4]. Possible
reasons for the superiority of ultrasound guidance
include clear delineation of anatomy, avoidance of
vascular structures, visualization of the needle, and
watching the spread of anesthetic during injection [3,
10]. Use of ultrasound has not eliminated LAST but
decreased its rate.

In our case nerve stimulator technic was used that
limited our ability to decrease dose of ropivacaine.

CONCLUSION

1. Among risk factors for local anesthetic systemic
toxicity interscalene block has the highest incidence
of LAST.

2. It is difficult to recommend a safe maximum
dose of ropivacaine, but dose calculations must be
made on an individual basis, taking into account the
sex, weight, and physical status of the patient.

3. The dose of local anesthetics should be block-
specific, site-specific, and patient-specific.

4. Lipid emulsion (intralipid) is the first line for
treatment of local anesthetic systemic toxicity.
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