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SUMMARY

Methaemoglobinaemia is a potentially life-threatening
condition characterised by hypoxaemia, cyanosis, pallor,
fatigue, metabolic acidosis, headache and in severe
cases, coma or death. Topical anaesthetics have been
reported to cause methaemoglobinaemia. Topical
benzocaine was specifically implicated in roughly 66%
of anesthetic-induced methaemoglobinaemia cases in
a large systematic review in adults. This complication
has occurred often in adult patients with pre-existing
comorbidities resulting in diminished use in children
overall with only few paediatric cases reported
worldwide. Additionally, there is growing evidence of

a link between sepsis and methaemoglobinaemia due
to increased circulating nitrous oxide from infectious
pathogen metabolism. In this report, we discuss a

case of a 16-year-old young boy, being evaluated

for suspected endocarditis, presenting with acute
methaemoglobinaemia after use of topical benzocaine
spray for transesophageal echocardiogram. This case
exemplifies the importance of blood gas with co-oximetry
testing in all cases of refractory hypoxemia who have had
procedures requiring topical anaesthetics.

BACKGROUND

Methaemoglobinaemia is a relatively uncommon but
life-threatening condition involving an abnormal accu-
mulation of methaemoglobin in the blood. Symptoms
include hypoxaemia, cyanosis, pallor, fatigue, meta-
bolic acidosis, headache, and in severe cases, coma
or death. It can manifest because of inherited enzyme
mutations or deficiencies (congenital methaemoglo-
binaemia) or from acquired exposure to a causative
agent such as certain types of anaesthetics. Congen-
ital methaemoglobinaemia occurs due to a deficiency
in Nicotinamide Adenine Dinucleotide Hydrogen
(NADH)-cytochrome b3 reductase and is more rare
compared with the acquired form.* Acquired methae-
moglobinaemia can be caused by topical anaesthetics,
sulfonamides, and certain types of antibiotics.” The
true incidence of acquired methaemoglobinaemia
from topical anaesthetics is difficult to ascertain but
exceedingly rare.

Although any topical anaesthetic can cause methae-
moglobinaemia, benzocaine had been implicated as the
culprit in many cases. The implication of benzocaine
in the causation of methaemoglobinaemia is to such
a large extent that the US Food and Drug Administra-
tion has released several statements emphasising the
risk of methaemoglobinaemia with use of benzocaine
containing over the counter drugs.* Benzocaine still is
commonly used as a topical oropharyngeal anaesthetic
prior to routine inpatient and outpatient endoscopic

procedures such as transoesophageal echocardiog-
raphy (TEE) and bronchoscopies, dental procedures
in the hospital. Benzocaine-induced methaemoglo-
binaemia after transoesophageal echocardiogram had
been described in adult literature with few case reports
but extremely rare in children and adolescents.’™

Although the incidence of methaemoglobinaemia is
exceedingly rare and generally safe, if left untreated
methaemoglobinaemia can lead to cardiopulmonary
compromise, neurological sequelae and even death.'
In this report, we describe an adolescent male, initially
admitted for complications of methicillin-sensitive
Staphylococcus aureus (MSSA) infection, presenting
with acute methaemoglobinaemia that occurred
after topical benzocaine spray administration for
transoesophageal echocardiogram. Review of liter-
ature reveals only two cases in paediatrics that were
described to have developed methaemoglobinaemia
from use of topical benzocaine during endosco-
pies.'" 2 This case is being reported in view of its rarity
and relative underappreciation of the true incidence in
paediatric literature.

CASE PRESENTATION

We report a case of a 16-year-old man admitted to
our hospital as a transfer from an outside facility for
management of left orbital cellulitis and right hip
pain. Five days prior while working on demolition in
an old pigeon barn, he had stepped on a nail through
his sneaker. He is otherwise a healthy adolescent
with an up-to-date immunisation status (including
tetanus) and no history of allergies, frequent infections
or immunodeficiency within the family. Peripheral
blood cultures were negative for growth. He under-
went orbital washout and functional endoscopic sinus
surgery by otolaryngology (Ear Nose Throat doctor)
and ophthalmology. These cultures revealed MSSA.
Physical examination of his right hip was significant
for tenderness and pain with range of motion, but
negative for joint effusion subsequently confirmed by
hip ultrasound, so arthritis was unlikely. Right hip MRI
showed no evidence of osteomyelitis, but extensive
pyomyositis with abscess (figure 1). Resultant cultures
from irrigation and debridement were consistent with
MSSA. Due to a potential vascular focus that could be
seeding to other sites in addition to a newly auscul-
tated heart murmur, a transthoracic echocardiography
was performed to rule out endocarditis. Although the
study was grossly normal, the patient’s body habitus
with a body mass index of 33 kg/m* made for diffi-
cult visualisation. As a result, a TEE was performed,
which revealed no vegetations with good valve motion
and normal biventricular function. Less than 2hours
after the TEE was performed, a rapid response was
called for syncope after going to the bathroom, mild
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Figure 1 MRI of the hip: coronal fat-saturated T2-weighted image at
the level of the right gluteus intermedius muscle illustrating pyomyositis
as hyperintense 8.2x2.8x5.3 cm intramuscular abscess (arrow).

respiratory distress and oxygen desaturation to 75%. He was put
on 100% non-rebreather which increased his oxygen saturation
to low 80s. The patient was transferred to the paediatric intensive
care unit (PICU) due to persistent hypoxia. It was hard to appre-
ciate any air entry in his bilateral lower lung fields in the setting
of his obesity. His chest X-ray did not show any focal opacities or
pneumothorax. Due to his persistent hypoxia in low 80s and no
response to high flow nasal cannula with 100% oxygen, bilevel posi-
tive airway pressure was initiated once pneumothorax or pneumo-
mediastinum were ruled out. Despite escalating respiratory support,
he remained hypoxic with some respiratory distress and so was elec-
tively intubated. Due to his persistent hypoxaemia and body habitus
and relative immobility from right hip pyomyositis, CT pulmonary
angiogram (figure 2) was performed to rule out pulmonary embo-
lism which came back negative. Venous blood gas obtained after
intubation resulted a methaemoglobin of 25%. He did not exhibit
any cyanosis at any point. All the medications that he had received
were investigated as possible causes for his acquired methaemoglo-
binaemia. On further investigation into his chart and conversation
with the adult cardiologist who performed the TEE, we learnt that
he was given several sprays of 20% benzocaine (Hurricaine spray)
along with viscous lidocaine 2% prior to the procedure. Of note,
we also noticed that he had a peripherally inserted central cath-
eter (PICC) line placement that morning before the TEE, where he
required eutetic mixture of local anaesthetics (EMLA) cream which
is a mixture of 2.5% lidocaine and 2.5% prilocaine for local anaes-
thesia. Repeat blood gas within 2hours after intubation showed
his methaemoglobin trended down to 18% (figure 3), and he was
extubated 4 hours after intubation without complications or further
need for respiratory support.

DIFFERENTIAL DIAGNOSIS

Methaemoglobin levels of 10%-25% are usually associated with
cyanosis.'® Our patient was not cyanotic on exam but had other
symptoms of dizziness, fatigue, mild dyspnoea and hypoxia. Our
differential diagnoses in our patient post-TEE for hypoxaemia

Figure 2  CT pulmonary angiogram of the chest showing no thrombus
in the pulmonary artery.

included hypoventilation, aspiration pneumonitis, right-to-left
shunting, cardiogenic shock, pneumothorax or pneumomedi-
astinum from oesophageal perforation, atelectasis, pulmonary
oedema and pulmonary embolus. These were ruled out based on
a normal chest X-ray, echocardiogram, clinical examination and
haemodynamic parameters. Due to the rarity of use of benzo-
caine in paediatrics, methaemoglobinaemia was not included in
our differential. The diagnosis of methaemoglobinaemia was not
concluded until the venous co-oximetry in the blood gas revealed
a methaemoglobin level of 25% and confirming with the cardiol-
ogist about the use of benzocaine for TEE. Co-oximetry testing
can accurately detect the presence of abnormal and normal
forms of haemoglobin by measuring the methaemoglobin,
carboxyhaemoglobin, and oxyhaemoglobin and reporting them
as a percentage of the total haemoglobin concentration. Our case
underscores the importance of blood gas co-oximetry in cases of
persistent hypoxaemia unresponsive to oxygen therapy.

TREATMENT

Knowing the cause for his hypoxia, he was extubated subsequently
without any complications. We continued supportive treatment
with oxygen until his methaemoglobin levels normalised by the
next day. As per toxicology and poison control recommenda-
tions, our patient was monitored with supportive measures, with
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Figure 3  Spontaneous down-trending of our patient’s venous
methaemoglobin levels.
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serial methaemoglobin levels while not requiring any methylene
blue treatment. He was also investigated for possible glucose-
6-phosphate dehydrogenase deficiency which was negative.
He was observed in the PICU until his methaemoglobin levels
normalised 9 hours later and was transferred back to the general
paediatric hospital ward.

OUTCOME AND FOLLOW-UP

Our patient was discharged home after 8-day hospital stay on
oxacillin to complete a total of 4-week course for left perior-
bital cellulitis/subperiosteal abscess associated with MSSA. He
was followed by ENT, ophthalmology, orthopaedics and paedi-
atric infectious disease as an outpatient. At 4-week follow-up,
the patient was doing great with normal eye exam, full range of
motion of his hip and gait with no pain, and normalised inflam-
matory markers indicating resolved infection.

DISCUSSION

Methaemoglobinaemia is conventionally defined by a blood
methaemoglobin level greater than 5%, with levels above 50%
often considered fatal.'"* Although relatively rare, the incidence
of acquired methaemoglobinaemia is higher than congenital
forms. Drugs that may induce methaemoglobinaemia are widely
used in clinical settings. Acquired methaemoglobinaemia is often
unrecognised and thus untreated. Topical anaesthetics, sulfon-
amides, nitrates and certain types of antibiotics can precipitate
methaemoglobinaemia.'® Topical oropharyngeal anaesthetics are
routinely used in inpatient and outpatient endoscopic proce-
dures such as TEE and bronchoscopies, dental procedures in the
hospital. Although nearly all topical anaesthetic preparations
have been associated with methaemoglobinaemia, benzocaine
spray is the most common culprit reported in the literature."
One large systematic review of 242 cases of local anesthetic-
related methaemoglobinaemia demonstrated that benzocaine
was implicated in 65.7% of total cases. Specifically, benzocaine
was used in 51.3% of children and 77% of adults presenting with
local-anaesthetic induced methaemoglobinaemia.'® Previous
studies abundantly demonstrate that benzocaine is one of the
major causative agents of methaemoglobinaemia and should be
avoided or used with abundant caution in both paediatric and
adult care settings.

Benzocaine spray is available as 14% Cetacaine and, more
commonly, 20% Hurricaine .* Twenty per cent benzocaine spray
is routinely used in the hospitals. The exact amount of spray
delivered to each individual has not been standardised, although
the recommended dose of a 1s spray is the usual practice. Our
patient had two or more Hurricaine sprays along with 29 viscous
lidocaine contributing to methaemoglobinaemia. Of note, our
patient also received EMLA topical anaesthetic cream for PICC
line which might have added to the causation. There have been
case reports of EMLA topical anaesthetic causing methaemoglo-
binaemia in literature.'” !

There is a growing body of evidence demonstrating a link
between methaemoglobinaemia and sepsis.** ** In an infectious
process leading to sepsis, large quantities of nitric oxide are
released by endothelial cells of the vasculature in response to
proinflammatory cytokines due to infection, which subsequently
reacts with haemoglobin to form methaemoglobin. One study
over 2years outlines how infants with sepsis, most commonly
Staphylococcus, had significantly higher circulating methae-
moglobin levels compared with their age and weight-matched
healthy counterparts.** The study also demonstrated that risk
factors including, but not limited to, anaemia, cardiovascular

anomalies, acidaemia, impaired intestinal motility and imbal-
ance in natural gut flora can predispose infants to formation of
nitric oxide and free radicals, increasing the risk of accumulating
methaemoglobin.

The biochemistry of methaemoglobin is well documented.
Substances that oxidise ferrous (Fe2+) into ferric (Fe3+) make
methaemoglobin, which is incapable of carrying oxygen. Further
methaemoglobinaemia prevents oxygen release to the tissues
aggravating the tissue hypoxia. There is a spontaneous slow rate
of methaemoglobin synthesis, due to inappropriate dissociation
of a superoxide radical from haemoglobin. As a result, most
adults normally have between 0% and 3% methaemoglobin.™
Risk factors for developing methaemoglobinaemia can vary
depending on age, pre-existing medical conditions and those
who are intolerant to reduction in oxygen carrying capacity.”’
Cytochrome b5 reductase is the enzyme responsible for
converting ferric methaemoglobin to ferrous oxyhaemoglobin.
This enzyme is deficient in congenital methaemoglobinaemia.
Even in healthy infants, there is half the erythrocyte cytochrome
bS reductase activity as seen in adults. As a result, infants are
more at risk for developing methaemoglobinaemia.*® Conditions
such as cardiovascular disease, anaemia and acidosis put individ-
uals at increased risk of developing methaemoglobinaemia when
exposed to different oxidising agents.’

From a diagnostic standpoint, co-oximetry via arterial blood
gas acquisition determines the extent of patients’ hypoxia by
measuring the true fractional oxygen saturation (SaO2). Arte-
rial blood gas acquisition is invasive and inherently involves
delays in laboratory quantification of values. Conversely,
pulse oximetry is noninvasive and can yield point-of-care
oxygen saturation values, but readings provide a less accurate
depiction of a patient’s hypoxia compared with arterial blood
gas samples. This is an important consideration in critically
ill patients receiving supplemental oxygen such as prema-
ture neonates at risk for retinopathy of prematurity, or in
patients with pulmonary hypertension receiving nitric oxide.
Other limitations of pulse oximetry include the oxyhaemo-
globin dissociation curve, low perfusion states, motion arte-
fact or presence of nail polish.'* More novel multiwavelength
pulse oximeters have been recently developed that can detect
methaemoglobinaemia with an accuracy comparable to that
achievable with laboratory co-oximeters.”” *® Two studies of
healthy adult volunteers with sodium nitrite-induced mild-
to-moderate methaemoglobinaemia found that a multi-
wavelength oximeter (Masimo Rad-57) accurately depicted
methaemoglobin levels measured by standard laboratory
co-oximetry, with measurement uncertainties of 0.45% and
0.839%.% 3% Another study found that the multiwavelength
oximeter, Masimo Radical-7, overestimated true values of
methaemoglobin by 10%-45% when SaO2 on radial arterial
blood gas sampling dropped below 95%, indicating variability
among use of different multiwavelength oximeters.” Never-
theless, multiwavelength pulse oximeters have more recently
able to provide variables (oxygen reserve index) to reflect
oxygenation in moderate hyperoxic states.

Treatment and management of methaemoglobinaemia includes
removal of the agent implicated in precipitating methaemoglo-
binaemia and administration of intravenous methylene blue, which
when administered, is metabolised into leukomethylene blue. This
metabolite of methylene blue acts as an electron donor, reducing
methaemoglobin to functional haemoglobin. Methylene blue
infusion is used typically when methaemoglobin levels are 30%
for asymptomatic and 20% for symptomatic patients.”> Methy-
lene blue, although highly effective, can also precipitate refractory
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methaemoglobinaemia in high doses and harbours a risk of inciting
serotonin syndrome in patients using serotonergic agents (due to its
inhibitory effects on MAO-A). Other treatment options include the
use of high-dose ascorbic acid, exchange transfusions and hyper-
baric oxygen therapy.'® Our patient required only supportive treat-
ment without any methylene blue required as the levels quickly
decreased to less than 20% within the few hours of the diagnosis
with continued down-trending. To our knowledge, spontaneous
resolution of methaemoglobinaemia without treatment intervention
has only been described in two other case reports.'” ** We believe
that the rapid decline in methaemoglobin levels in our patient could
be due to re-emergence from transient suppression of haemoglobin-
reducing systems by the oxidants (benzocaine) back to their normal
function.

In our patient, we hypothesise that methaemoglobinaemia was
caused by generous use of benzocaine and viscous lidocaine for
his TEE procedure preceded by the application of EMLA topical
cream for PICC line placement, in combination with sepsis due
to MSSA infection as a contributing factor. Blood gas co-oxim-
etry for patients with an unclear aetiology of refractory hypox-
aemia serves as an essential part of the workup, as it was crucial
to effective diagnosis and management in this case.

Patient’s perspective

When my son had eye pain and hip pain from his infections, |
was first really scared about the surgeries. But when he had to
go to the PICU for respiratory failure, it was so unexpected and
| was worried that he was going to die. I'm glad the team of
doctors could figure out the reason.

After his long antibiotic treatment, his health has been back
to normal and he’s finishing high school this year.

Learning points

» Acquired methaemoglobinaemia causes significant morbidity
and even mortality if untreated.

» The purpose of this report is to illustrate importance of
blood gas with co-oximetry testing in all cases of refractory
hypoxaemia who had undergone procedures requiring any
type of topical anaesthetics.

» Paediatric providers performing transesophageal
echocardiography, as well as those responsible for
postprocedural care of these patients, should be aware of
this rare but fatal complication as timely recognition and
treatment will improve outcomes.
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