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Abstract

Purpose: We report a case in which lipid therapy successfully treated both immediate central nervous system toxicity and delayed cardiovascular collapse
after ropivacaine administration.

Case Details: A 54 year old female with a history of hypertension, anxiety and sleep apnea was given bilateral paravertebral blocks with a total of 45
mL 0.5% ropivacaine. Approximately 15 minutes after the block, the patient became lethargic, exhibited facial dyskinesias, and immediately progressed to
a tonic/clonic seizure. Local anesthetic systemic toxicity (LAST) was suspected and a 75mL bolus of 20% lipid emulsion was administered. The seizure resolved
one minute after. She later received single oral doses of lorazepam and clonazepam for anxiety, and trazodone as per her home medications. Approximately
8 hours after the seizure, the patient became bradycardic and hypotensive, refractory to atropine and fluids. Another 75mL bolus of 20% lipid emulsion was
administered over 2 minutes, followed by an infusion. Within 15 minutes of the infusion, the patient became hemodynamically stable.

Discussion: Cases of ropivacaine-induced LAST successfully treated with lipid therapy exist. However, there have been no previously reported cases
involving such a prolonged delay in ropivacaine toxicity. Use of the Naranjo Adverse Drug Reaction Probability Scale resulted in probable associations for
ropivacaine provoking both immediate and delayed toxicities. Lipid therapy was successful in both instances, further supporting ropivacaine as the inciting
agent.

Conclusion: It is important for clinicians to continuously monitor patients with LAST for delayed effects, and to not overlook the need for maintenance lipid
infusions after ropivacaine toxicity.

ABBREVIATIONS reported with increased frequency over the past decade. This may
be due to a higher rate of toxicity, an increased awareness of their
toxic potential, or both. There is currently a plethora of reported
cases available in the literature [1-8]. Table 1 summarizes some
Bilevel Positive Airway Pressure; ICU: Intensive Care Unit; previously reported cases of LAST. One large surveillance study
MRI: Magnetic Resonance Image; Poct: Octanol-Water Partition  reported LAST occurring in 2.2/10,000 and 14.4/10,000 patients
Coefficient after bupivicaine and lidocaine administration, respectively [9].
LAST has been reported to occur at any time from the period

INTRODUCTION immediately following the anesthetic, up to 105 minutes after
Cases of local anesthetic systemic toxicity (LAST) have been  administration [1,11]. Reported symptoms include bradycardia,

LAST: Local Anesthetic Systemic Toxicity; CNS: Central
Nervous System; IVLE: Intravenous Lipid Emulsions; Bipap:
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Table 1: Summary of Previously Reported Cases of Local Anesthetic Systemic Toxicity.
Regional Anesthetic . .
Technique, Reference Anesthetic Dose Reported Toxicity Tlfne .from Anes.th.etlc Lipid Therapy Treatment
No. Injection to Toxicity
. 0.5% bupivacaine Tonic-clonic seizures, o/ Yo
Interscalene brachial & 1.5% 20 mL 20 mL cardiovascular 30 sec 100 m.L bolus of 20% lipid
plexus block! . . emulsion
mepivacaine collapse
Tonic-clonic seizures, 100 mL bolus of 20% lipid
Axillary plexus block? 1% ropivacaine 40 mL (400 mg) asystolic cardiac 15 min emulsion continuous infusion of
arrest 10 mL/min (total 200 ml)
o . . L .
Femoral block & Sciatic 0.5% ropivacaine To.mc clonic . 100 mL of 20% Intralipid, 400 ml
3 & 0.5% 30 mL seizures, ventricular |20 sec .
block . . . of 20% Intralipid
bupivacaine tachycardia
Shortness of
Peritoneal dialysis breath, dizziness,
cathetert y 2% lidocaine 1600 mg choking Sensation, 10 min 100 mL of 20% lipid emulsion
hypertension,
tachycardia
0.75% ropivacaine, Agitation, confusion,
Tibial, saphenous & 0.75% ropivacaine unconsciousness, .
peroneal nerve block® & 0.75% 29 mlL 5 ml 6 mL Hypotension, 60 min -
ropivacaine bradycardia
Vertical infraclavicular . . Numbing of tongue, .
0, _—
block” 0.75% ropivacaine |45 mL (5.77mg/kg) nausea, dizziness 20 min
. . . Disorientation,
Vemcf‘l infraclavicular 0.75% ropivacaine 45 mL (6.38 mg/ drowsiness, tonic- 20 min ---
block kg) L
clonic seizures
0.375% Convulsive seizures, 150 mL of 20% Intralipid
Brachial plexus block® 22 30 mL asystolic cardiac Immediate emulsion (over 90 sec), 350 mL of
bupivacaine P . .
arrest Intralipid infusion over 30 mins
Peripheral nerve block!! Bupl.vacallne & 100 mg & 300 mg | Hypertension, nausea 120 min ---
mepivacaine

Abbreviations: Min, Minutes; Sec, Second.

dizziness, ventricular tachycardia, tonic-clonic seizures, central
nervous system (CNS) toxicity, cardiovascular collapse and
even cardiac arrest [1-8]. Toxicity from a peripheral nerve block
generally occurs by direct intravascular injection of therapeutic
doses or systemic absorption of a toxic dose of local anesthetic
[10]. It is therefore imperative to quickly recognize the event as
LAST and initiate proper therapy.

Animal research as well as case reports have offered strong
evidence for the use of intravenous lipid emulsions (IVLE) in
patients experiencing CNS toxicity and cardiovascular collapse
from local-anesthetic overdose [1-8,12-14]. Furthermore, invitro
studies have demonstrated the capacity of lipids to successfully
uptake bupivacaine from an aqueous media [12,13,15-17]. Based
on this evidence, IVLE has rapidly evolved to become a first-line
therapy for LAST [18,19]. However, pharmacologic considerations
regarding individualized dosing, timing of administration and the
use of repeated boluses or continuous infusions are still evolving.

We present a unique case of a patient with immediate CNS
toxicity, followed by a delayed cardiovascular collapse, which
occurred approximately 8 hours after ropivacaine administration.
Lipid rescue therapy was successfully utilized for both episodes.
Our case illustrates the importance of closely monitoring
patients with LAST for the possibility of delayed cardiovascular
sequelae. A summary of previously reported cases, current
recommendations for management, pharmacokinetics, and a

discussion of the therapeutic utility of IVLE therapy for LAST will
be also be reviewed.

CASE PRESENTATION

We report the case of a petite (50 kg, 4'11”), 54 year
old female admitted to same day surgery for an elective
bilateral breast reduction. Her past medical history includes
hypertension, anxiety and sleep apnea. Her home medications
include hydrochlorothiazide/triamterene 25 mg-37.5 mg orally
once daily, clonazepam 0.25 mg orally three times daily as
needed, trazodone 50 mg orally at bedtime, famotidine 20 mg
orally twice daily and a multivitamin orally daily. There was no
report of bilevel positive airway pressure (BiPAP) use at home.
Local anesthesia was achieved with bilateral paravertebral
blocks of 0.5% ropivacaine. A total of 45 mL was given with
incremental negative aspirations every 5 mL. Approximately 15
minutes after the block, the patient became lethargic, exhibited
facial dyskinesias with rigidity, and within seconds eventually
progressed to a tonic/clonic seizure. LAST was suspected due
to the temporal nature of the seizure and a 75 mL bolus of 20%
lipid emulsion was immediately administered over 2 minutes. No
benzodiazepines were given. The seizure resolved approximately
one minute after administration of the lipid emulsion. Throughout
the event, the patient remained hemodynamically stable. After a
brief postictal state, the patient awakened and was oriented to
name, place, date and birth date. No focal motor deficits were
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Figure 1 Schematic Timeline of the Course of Patient Toxicity.
Note: Admission and discharge are not scaled to time.

Abbreviations: LAST: Local-Anesthetic Systemic Toxicity; ICU: Intensive Care Unit; MRI: Magnetic Resonance Image; POD: Post-Operative Day

Table 2: Pharmacokinetic Comparison Between Bupivacaine and
Ropivacaine in Adults [14,33].

Parameter Bupivacaine Ropivacaine

2-9 hours (dose/route 3-15 hours (dose/

Duration (single dose)

dependent) route dependent)
Protein binding 95% 94%
vd 73L 41L

. Hepatic via
Hepatic; forms P

Metabolism inactive metabolite f:;lalztzive
pipecoloxylidine (PPX) metabolites
Poct 3.4 2.9

Abbreviations: Poct: Octanol-Water Partition Coefficient - Indicates
Lipophilicity, A Higher Score Denotes Increased Lipophilicity; Vd: Volume
Of Distribution

Table 3: Current Considerations for Dosing and Management during
Lipid Resuscitation [18,19].

Current Considerations for Dosing and Management During Lip-
id Resuscitation

« Consider the use of a protocolized checklist

e Intralipid 20% lipid emulsion most widely used

¢ Bolus dose: 1.5mL/kg given over about 1 minute (~100ml for
70kg adult)

¢ Infusion: 0.25-0.5mL/kg/min immediately following bolus dose
(~18-35mL/min)

 Continue infusion until vital signs recover and for at least 10 min-
utes following vital sign recovery

» Repeated bolus doses and/or increasing the infusion rate
(0.5mL/kg/min) is advised if there are signs of persistent toxicity

¢ The upper dose limit for lipid emulsion therapy is 10 mL/kg over
30 minutes

» During cardiotoxicity with low output states, high quality CPR
remains an integral component of lipid resuscitation

¢ Prolonged monitoring (> 12 hours) is recommended after any
signs of systemic local anesthetic toxicity, since cardiovascular
depression due to local anesthetics can persist or recur after
treatment.

noted and the patient had no recall of the event. The patient was
admitted to the intensive care unit (ICU) for further monitoring
of anticipatory cardiovascular collapse. While in the ICU, she
received one dose of lorazepam 1 mg orally 30 minutes prior
to a magnetic resonance image (MRI) of the brain. During her
ICU stay, she also received clonazepam 1mg orally, followed
later by a dose of trazodone 50mg orally from her documented
home medication list. It was eventually discovered by the clinical
pharmacist that the patient had stopped taking trazodone a
few months prior due to excessive sedation. Approximately 8
hours after the seizure and after returning to the unit from an
unimpressive MR, the patient became bradycardic, with a heart
rate in the high 30’s and hypotensive, with a systolic blood
pressure fluctuating from 60-80 mmHg. She was very lethargic,
but arousable and oriented to time and place. Signs of difficult
ventilation were noted and the patient was initiated on BiPAP.
A dose of atropine 1 mg intravenous push was given, along with
a liter bolus of normal saline with no response. Urine output
was adequate, and all other laboratory parameters were within
normal range. The differential diagnosis included a delayed
effect from the local anesthetic. Therefore, another 75 mL bolus
of 20% lipid emulsion was given over 2 minutes, followed by
an infusion of 0.25mL/kg/min over 1 hour dosed by the clinical
pharmacist. Within 15 minutes of starting the lipid infusion, the
patient’s heart rate rose into the mid 50’s and systolic blood
pressure gradually normalized to the 130’s. The hemodynamic
stabilization persisted throughout the duration of the lipid
infusion. There were no observed adverse effects of the lipid
emulsion therapy. The patient remained stable for the duration
of her hospital stay and was successfully discharged on hospital
day four. Refer to (Figure 1) for a timeline depicting the course of
patient toxicity, as well as drug administration.

DISCUSSION

We present the first case in which a delayed cardiovascular
collapse was suspected approximately 8 hours after ropivicaine
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administration. However, as the patient was given lorazepam,
clonazepam and trazodone prior to this episode, it is important
to discern whether this episode could be attributed to the
medications given or whether it was a continuation of LAST.
Previously reported adverse effects of trazodone include
drowsiness, cardiac arrhythmias, including QT prolongation, and
mild hypotension [20]. However, these side effects have typically
been reported in patients given toxic doses. Maximum tolerated
doses in the elderly have been demonstrated to range from 300-
400 mg/day [20]; our patient received 50 mg. Thus, trazodone
toxicity in the setting of the given dosage is unlikely, especially
since the patient had been previously exposed to this dose of
trazodone at home.

Multiple studies have demonstrated that lorazepam has a
delayed peak plasma concentration, and a longer time to pass into
brain tissue; shown to likely be the result of low lipophilicity [21-
27].Both lorazepam and clonazepam have been demonstrated to
have oil-water partition coefficients of 0.99 and 1.46, respectively;
another indication of their lower lipophilicity as compared to
ropivacaine or bupivacaine (Table 2) [28]. Moreover, while
ropivacaine-induced LAST has been successfully treated with
IVLE, there are no such findings regarding benzodiazepines or
trazodone [5,7]. Additionally, the benzodiazepines were not given
in toxically high doses in our case, and the cardiovascular collapse
was successfully treated with IVLE. Although a synergistic affect
between the medications administered is always possible, given
that lipid therapy resolved the collapse, we find this to be a
less likely scenario. Moreover, our patient received 4.3mg/kg
of ropivacaine, while recommendations have been made not to
exceed 3mg/kg [10,30]. Taken together, we have evidence to
suggest that the cardiovascular collapse was likely a component
of ropivacaine-induced LAST. A plausible explanation for
this event may be due to the relatively hydrophilic nature of
ropivacaine, and the possibility of a delayed toxic effect due to a
slow redistribution to and from tissues. Furthermore ropivacaine
has an octanol-water partition coefficient (poct) of 2.9, denoting
a lower lipophilicity relative to bupivacaine (Table 2) [14,33].

The Naranjo Adverse Drug Reaction Probability Scale is a
commonly used questionnaire which determines the probability
that an administered drug is the cause of an adverse event rather
than another variable.?” The scale ranges from zero to greater
than 9; zero representing the lowest probability of the drug
causing the adverse event, and 9 representing a high likelihood.
Both the seizure activity and the late-onset hemodynamic
instability resulted in a score of 6, consistent with probable
associations. Each toxic event received one point for having
previously published reports available documenting similar
reactions [1-8]. Further, both events received two points because
they occurred sometime after administration of the suspected
drug. As for the delayed toxicity, events similar to ours have been
sparsely documented in case reports from both Chazalon et al
and Schwartz et al, with presumed LAST at 60 and 120 minutes
after appropriate doses of peripheral nerve blocks, respectively
[5,11]. Although a delayed onset of the magnitude as in our case
has notbeen previously reported, this may be because toxic doses

of a peripheral nerve block were used. Moreover, because both
the seizure and the cardiovascular collapse improved rapidly
after administration of IVLE, another point was granted for this
temporal association. Finally, two more points were assigned, as
there appear to be no other causes within the context of this case
that could have independently caused either of these reactions.

Safe dosing of ropivacaine

Although there is no well-established maximum dose of
ropivacaine, two previously published papers have warned
against using doses that exceed 3mg/kg [10,30]. However, others
report toxicity at 3mg/kg, and yet others advocate for a relative
maximum of 300mg, regardless of weight [6,7]. Nevertheless,
current recommendations regarding maximum dosages are not
evidence based, but it appears that individualized weight-based
dosing of ropivacaine is the safest method. The patient described
in our case received 4.3mg/kg, for a total dose of 225mg of
ropivacaine. Yang et al reported patient cases similar to ours;
two patients weighing about 50kg [7]. Each patient received high
dose ropivacaine (45ml of 0.75%), which was well over 3mg/
kg for both (5.77mg/kg in the first patient and 6.38mg/kg in the
second patient). Additionally, both cases involved a delay of over
20 minutes before symptoms ensued.

Pharmacokinetics and mechanisms of Action

The majority of existing case reports describing local-
anesthetic toxicity are secondary to bupivacaine [1,3,8]. Despite
the current theory that ropivacaine entails a reduction in the risk
of cardiovascular toxicity relative to older amide-type anesthetics
[31], there is emerging literature documenting ropivacaine as the
inciting agent for LAST. This is concerning as the toxic effects of
ropivacaine may be less responsive to lipid rescue therapy due to
its reduced lipophilicity as compared to bupivacaine [32]. (Table
2) outlines a comparison of pharmacokinetic parameters between
ropivacaine and bupivacaine, which may assist the clinician
in anticipating differences in the time course and presentation
of toxicity among these agents [2,5-7]. The proposed primary
mechanism for the therapeutic effect of lipids has focused on the
“lipid sink” theory, whereby the lipophilic nature of anesthetics
are preferentially partitioned into a lipemic plasma compartment
caused by the lipid emulsion, thereby sparing tissues [1]. Recent
evidence points to a concurrent metabolic effect; Mottram et
al demonstrated the ability of common fatty acids to attenuate
bupivicaine-induced cardiac sodium channel blockade [14-
15,33]. This suggests that IVLE has a direct pharmacodynamic
effect in the reversal of local-anesthetic toxicity.

Recommendations for management

Current guidelines by the American Society of Regional
Anesthesia and Pain Medicine advocate for the stocking and
rapid acquisition of IVLE therapy in any immediate setting
where local and regional anesthetic techniques occur [18]. The
guidelines also call for the availability of continued dosing, either
by subsequent bolus doses and/or initiation of a lipid infusion.
(Table 3) summarizes currently accepted recommendations for
lipid resuscitation. Our case, as well as the one by McCutchen et
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al, serves as testament to these recommendations; in both cases,
continued therapy with a lipid infusion was necessary to prevent
worsening or presumptive cardiovascular toxicity [3].

CONCLUSION

Although IVLE therapy has been utilized to reduce the toxic
effects of LAST for some time, the mechanism underlying its
therapeutic benefit is just now being further elucidated. Case
reports remain an important source of evidence, which add to
the growing body of literature for IVLE therapy used for reversal
of LAST. We summarize the first case of delayed cardiovascular
toxicity with ropivacaine occurring after 8 hours. Therefore,
the need for continuous monitoring of these patients after
stabilization, and consideration for repeated dosing strategies,
seems vital for patient safety.
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