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Refractory status epilepticus after inadvertent intrathecal

injection of tranexamic acid treated by magnesium sulfate
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ABSTRACT
We present a case of accidental injection of tranexamic acid during spinal anesthesia for an elective cesarean delivery. Immediately
following intrathecal injection of 2 mL of solution, the patient complained of severe back pain, followed by muscle spasm and
tetany. As there was no evidence of spinal block, the medications given were checked and a ‘used’ ampoule of tranexamic acid
was found on the spinal tray. General anesthesia was induced but muscle spasm and tetany persisted despite administration of
a non-depolarizing muscle relaxant. Hemodynamic instability, ventricular tachycardia, and status epilepticus developed, which
were refractory to phenytoin, diazepam, and infusions of thiopental, midazolam and amiodarone. Magnesium sulfate was admin-
istered postoperatively in the intensive care unit, following which the frequency of seizures decreased, eventually stopping. Unfor-
tunately, on postoperative day three the patient died from cardiopulmonary arrest after an oxygen supply failure that was not
associated with the initial event. This report underlines the importance of double-checking medications before injection in order
to avoid a drug error. As well, it suggests that magnesium sulfate may be useful in stopping seizures caused by the intrathecal
injection of tranexamic acid.
� 2015 Elsevier Ltd. All rights reserved.
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Introduction

Several factors have been identified as contributing to
medication errors in anesthesia, including similar
appearance or location of vials, miscommunication,
anesthesia provider inattention, and fatigue.1–3 While
the true frequency of anesthesia-related medication
errors is unknown, these errors are an increasing global
health problem.1–3 We describe the accidental intrathe-
cal tranexamic injection in a low-resource setting that
resulted in seizures that were refractory to standard
therapy. Subsequent management and use of
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magnesium sulfate is discussed along with the initiation
of a new operating room protocol for drug administra-
tion in an attempt to minimize the risk of this
complication.
Case report

A 31-year-old, G3P2 woman was admitted to a West
African regional hospital at 33 weeks of gestation with
premature rupture of membranes and pyelonephritis.
She had no significant past medical, obstetric or anes-
thesia history other than two previous cesarean deliver-
ies. She was treated with erythromycin and
metronidazole. Two doses of steroids were administered
for fetal lung maturity. Two days after admission, she
developed abdominal tenderness and intravenous
cefuroxime was started. The patient was scheduled for
repeat cesarean delivery eight days after admission due
to worsening pyelonephritis.

She received intravenous lactated Ringer’s solution
1 L before arriving in the operating room. An anesthesia
technician was assisting the nurse anesthetist providing
care for the case. The technician opened a glass vial of
pticus after inadvertent intrathecal injection of tranexamic acid trea-
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medication and held it away from the sterile field while
the nurse anesthetist drew up 2 mL of solution. Lumbar
puncture was performed with the patient in a sitting
position, at the L4–5 interspace with a 25-gauge Whi-
tacre needle. Shortly after injection, the patient com-
plained of severe burning back pain, followed by lower
extremity spasms and difficulty in lying supine due to
tetany. After failure to achieve anesthesia, the team pre-
pared to repeat the intrathecal injection at which point
an opened vial of tranexamic acid was discovered
(100 mg/mL) (Fig. 1). The consultant anesthesiologist
was notified and a second spinal was not attempted.
General anesthesia was induced with propofol 150 mg
and suxamethonium 100 mg; the patient was intubated
and anesthesia maintained with an uncharted dose of
volatile anesthetic. Due to ongoing myoclonus and
tetany, vecuronium 4 mg was administered shortly after
induction. The patient remained tachycardic and hyper-
tensive with heart rates of 120–150 beats/min and a
blood pressure of 165/105 mmHg throughout the case
with occasional short intervals of ventricular tachycar-
dia. Treatment with amiodarone 150 mg, midazolam
(dose unknown), diazepam 10 mg, and labetalol 20 mg
were unsuccessful in treating the tachycardia and hyper-
tension or terminating seizures.

A live, male infant was delivered weighing 1.6 kg with
Apgar scores of 7 and 8 at 1- and 5 min, respectively.
The case was completed within one hour of the initial
intrathecal injection and the patient, who remained intu-
bated and ventilated, was taken to the intensive care unit
whilst receiving midazolam (2 mg/h), 10% mannitol
100 mL/h, amiodarone (unknown rate), and fentanyl
200 lg/h. Upon arrival, her heart rate was documented
Fig. 1 Ampules of bupivacaine and tranexamic acid. The
similar size of ampules led to a medication administration
error during spinal anesthesia
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at 164 beats/min and blood pressure 225/164 mmHg.
She continued ‘‘twitching” per handwritten charts and
was treated with vecuronium 4 mg, thiopental 150 mg
followed by phenytoin 100 mg eight hourly, dexametha-
sone 8 mg eight hourly, vecuronium 10 mg/h, thiopental
500 mg/h and pethidine 50 mg four hourly. Laboratory
values obtained showed a hemoglobin value of
12.6 g/dL, white blood cell count of 21.1 � 109/L, and
a platelet count of 356 � 109/L.

Her vital signs remained unstable throughout the eve-
ning requiring placement of a radial arterial line and a
central venous line. There were repeated bursts of ven-
tricular tachycardia that spontaneously converted to
sinus rhythm without medical intervention. Seizure
activity continued despite intravenous boluses of diaze-
pam, dexamethasone, and phenytoin and infusions of
midazolam, fentanyl, mannitol, vecuronium, and
thiopental. As she had ongoing seizure activity, despite
antiepileptic or benzodiazepine boluses, the vecuronium
and thiopental infusions were discontinued.

On postoperative day two, the anesthesiologist
ordered magnesium sulfate (4 g bolus) followed by an
infusion of 1 g/h. This had an immediate effect of reduc-
ing the seizure frequency. Within hours, the seizures ter-
minated altogether and the patient was able to open her
eyes and move all of her extremities as well as make
independent respiratory effort while on the ventilator.
Midazolam and fentanyl infusions were gradually
decreased and boluses of these two drugs were only used
as needed. A serum magnesium level was ordered but
the result was never obtained.

While showing many signs of clinical improvement
without seizure activity such as purposeful movement
in her extremities, eye opening, and respiratory effort,
the patient remained in the intensive care unit on
mechanical ventilation due to need for continued respi-
ratory support. Unfortunately, on day three the main
oxygen supply of the hospital stopped working and
the patient desaturated and went into cardiopulmonary
arrest. As the oxygen issue was being resolved, and she
was pronounced dead.
Discussion

In our case, an accidental injection of tranexamic acid,
instead of bupivacaine, for spinal anesthesia led to
refractory seizure activity. Factors thought to be respon-
sible for the mistake were human error and the fact that
the two vials were of similar size and color.

This case is an example of a mistake occurring in a
low-resource setting due to human error and the lack
of a system to help prevent medication errors. In low-
resource countries the actual number of medication
errors is vastly understated and remains a key prob-
lem.2,3 Failure to report medication errors in low-
resource environments can occur for a variety of reasons
pticus after inadvertent intrathecal injection of tranexamic acid trea-
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including poor documentation, inattentiveness, inade-
quate staff or equipment, reliance on paper charting
which can be lost, and poor handwriting.1–3 Difficulties
encountered in reporting this case included poor docu-
mentation and lack of laboratory assessment. The
North American authors were not physically present
during this case; however, they are part of the support-
ive and consultative role that is maintained with staff in
this hospital through Kybele, Inc.4 The North American
authors were notified of this occurrence and a joint
review of the case was conducted.

Tranexamic acid is an antifibrinolytic that competi-
tively inhibits plasminogen-binding sites and decreases
plasmin formation and fibrinolysis. It is used primarily
to decrease bleeding complications following orthope-
dic, gynecologic and cardiac surgery. However, if
administered incorrectly, such as intrathecally, tranex-
amic acid can produce serious complications. There
are several reports similar to ours with some cases prov-
ing fatal.5–11 Wong et al. first described accidental
intrathecal administration of tranexamic acid when a
75 mg injection resulted in seizures that resolved with
diazepam and without neurologic sequelae.5 Other
reports have followed with intrathecal doses ranging
from 75–500 mg with similar presentations including
severe back pain followed by tetany, hypertension,
tachycardia, and cardiac arrhythmias with both fatal
and non-fatal outcomes.6–11

Treatment in each case followed two similar path-
ways: management of seizures and of cardiac arrhyth-
mias. Most cases applied a combination of
antiepileptic medication including benzodiazepines, bar-
biturates, phenytoin, sodium valproate, mannitol, leve-
tiracetam, dexamethasone and even non-depolarizing
muscle relaxants with varying success. No reports to
date have utilized magnesium sulfate. Treatment of
cardiac arrhythmias included lidocaine, amiodarone,
nitroglycerin, beta blockade, and cardioversion/defibril-
lation. While not unexpected, there does appear to be a
correlation of prolonged seizures, increased cardiac
arrhythmias, and mortality with increasing doses of
intrathecal tranexamic acid. Tranexamic acid should
never be administered by intrathecal injection.

Looking specifically at the drug and its unintended
side effects, Murkin et al. reported that high dose intra-
venous tranexamic acid (61–259 mg/kg) used during car-
diac surgery increased postoperative seizures from 1.3%
to 3.8%.12 While no human trials have been conducted,
Yamamura et al. reported that 5 mg/kg of intrathecal
tranexamic acid produced seizures within 45–60 seconds
in felines with a ruptured intracranial aneurysm.13

The proposed mechanisms for the cardiac and neuro-
logic manifestations include central sympathetic dis-
charge, GABAA inhibition, and direct cerebral
ischemia.6–11,14 In a report similar to ours, a patient
was inadvertently given 500 mg intrathecal tranexamic
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acid and developed convulsions followed by a pulseless
electrical activity arrest treated with diazepam, multiple
defibrillation attempts, epinephrine, and amiodarone.6

Her seizures were successfully terminated with diaze-
pam; however, she developed refractory ventricular fib-
rillation, cardiac collapse and died. The authors
suggested that tranexamic acid produced massive sym-
pathetic discharge, which resulted in hypertension,
tachycardia, and tonic-clonic seizures.6 Our case
involved a high intrathecal dose and resulted in mortal-
ity, although our patient’s demise appeared to have been
related to a separate medical error.

Another hypothesis is that seizures result from block-
ade of the inhibitory cortical GABAA receptors.7 Butala
et al. described an accidental 300 mg tranexamic acid
injection for spinal anesthesia for cystolithotripsy.7

The patient also developed back pain and myoclonic
jerks. Multiple anticonvulsants were administered and
were successful in terminating seizure activity after sev-
eral days. She was later discharged without neurologic
sequelae. The authors reasoned that tranexamic acid
blockade of GABAA receptors lower the depolarization
threshold and enhanced excitotoxicity through chloride
channels. This has been echoed by other authors.8,14

A third hypothesis is that tranexamic acid causes sei-
zures through direct cerebral hypoperfusion. Mahmoud
and Ammar described tranexamic acid 300 mg given
accidentally as a spinal dose for lower extremity skin
grafting.10 The patient developed myoclonic seizures
and ventricular fibrillation that responded to midazo-
lam, propofol, defibrillation, propranolol, and amio-
darone, respectively. He was discharged without
neurologic sequelae. The authors suggested that cerebral
ischemia due to vasoconstriction could account for the
presentation.

Whatever the hypothesis, the result appears to be the
same: myoclonic seizures with cardiac arrhythmias. Sev-
eral cases resulted in neurologic recovery with patients
safely discharged.5,7,8,10,11,13 In other cases, ours
included, the patient died.6,9 Our case presented an
interesting dilemma in that, despite treatment with ben-
zodiazepines, barbiturates and phenytoin, our patient
remained in refractory status epilepticus until magne-
sium was added.

Magnesium sulfate is a useful medication for treating
multiple conditions such as pain, torsades de pointes,
hypertension, eclampsia, and neuroprotection.15 Among
its many actions, it has a central nervous system depres-
sant effect as an N-nitrosodimethylamine (NMDA)
receptor antagonist and an inhibitor of catecholamine
release. Both of these pathways could explain how mag-
nesium benefited our patient. There is evidence that sei-
zures are mediated through NMDA receptors, so an
antagonist could inhibit seizure activity.15,16 Magnesium
is administered for the prevention and treatment of
eclamptic seizures.16 Mechanisms thought to be
pticus after inadvertent intrathecal injection of tranexamic acid trea-
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Fig. 2 The new protocol for drug administration in operat-
ing rooms at the Ridge Regional Hospital, Accra, Ghana
implemented after this case
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involved in the treatment of eclampsia include vasodila-
tion, blood brain barrier protection to decrease cerebral
edema and central anticonvulsant effects.16 The direct
inhibition of catecholamine release could also explain
magnesium’s anticonvulsant effect on our patient if the
hypothesis of direct sympathetic discharge is accepted.
Magnesium produces vasodilatation through calcium
antagonism in vascular smooth muscle.15 Thus, if cere-
bral vasoconstriction is involved in producing global
ischemia, magnesium could promote blood flow.

Magnesium has also been applied for the treatment
of cardiac arrhythmias. Although not used routinely in
Advanced Cardiac Life Support algorithms, it has been
used for malignant cardiac arrhythmias, such as
torsades de pointes.15 Studies have shown that
magnesium slows electrical activity in the SA node, pro-
longs AV conduction, and increases the refractory per-
iod of the AV node.15 Several patients experienced
cardiac arrhythmias after accidental spinal tranexamic
acid administration which were refractory to
defibrillation.6,9 Magnesium sulfate might have been
useful in stabilizing the cardiac arrhythmias in these
patients.

It is unfortunate that errors occur in medicine. Incor-
rect drug administration can produce devastating results
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so anesthesia providers must be vigilant when adminis-
tering medication, even when packaging is dissimilar.
In our case, two similar sized vials were mistaken despite
dissimilar writing with the results that the patient
received an unintended medication with unfavorable
consequences. Oxygen supply failure and inadequate
critical care capacity, which also contributed to the
patient’s demise, are relatively common in low-
resource settings and fall outside the scope of this paper.
After our joint review, the hospital implemented a pro-
tocol whereby every medication is double-checked and
read back by two providers to confirm verbally which
medication is being administered (Fig. 2). The hospital
also changed brands of bupivacaine with new labeling.
These changes will hopefully reduce the risk of similar
complications occurring in the future.

In addition to the description of the medication error,
this report describes a potentially novel use of magne-
sium sulfate. Although administered as a treatment for
other types of seizures, this is the first report of magne-
sium being used to treat seizures related to the intrathe-
cal injection of tranexamic acid.
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