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Summary
Methaemoglobin is a form of haemoglobin in which 
the ferrous (Fe2+) ion contained in the iron–porphyrin 
complex of haem is oxidised to its ferric (Fe3+) state. 
Methaemoglobinaemia, the presence of methaemoglobin 
in the blood, is most commonly treated with methylene 
blue. However, methylene blue cannot be used in 
patients with glucose-6-phosphate dehydrogenase 
(G6pD) deficiency as it is ineffective in such patients and 
it can worsen G6pD deficiency haemolysis. We report the 
case of a 30-year-old man who presented with clinical 
features of G6pD deficiency-associated haemolysis 
and was found to have severe methaemoglobinaemia 
(35%). He was administered blood transfusions and 
intravenous ascorbic acid. His methaemoglobinaemia 
resolved within 24 hours. this case demonstrates 
the successful management of a patient with severe 
methaemoglobinaemia in the setting of G6pD deficiency 
haemolysis. emergency physicians should be aware of the 
possible co-occurrence of severe methaemoglobinaemia 
in a patient with G6pD deficiency haemolysis.

BaCkground
Methaemoglobin is a form of haemoglobin in 
which the ferrous (Fe2+) ion contained in the 
iron–porphyrin complex of haem is oxidised to 
its ferric (Fe3+) state. Methaemoglobinaemia, 
the presence of methaemoglobin in the blood, 
is a haemoglobinopathy that is usually acquired, 
although it may rarely be congenital.1 Methaemo-
globinaemia impairs the ability of haemoglobin 
to transport oxygen molecules to tissue capillary 
beds, thereby impairing oxygenation of the body. 
This results in a hypoxic state that may mani-
fest as headache, nausea, fatigue and confusion; 
if left untreated, it can progress to lactic acidosis, 
seizures, coma and even death.2 Methylene blue is 
the most commonly used treatment for methaemo-
globinaemia. However, methylene blue cannot be 
used in patients with glucose-6-phosphate dehydro-
genase (G6PD) deficiency as it is ineffective and can 
worsen haemolysis by increasing oxidative stress.3 
Here, we report the case of a 30-year-old man who 
presented with clinical features of G6PD deficien-
cy-associated haemolysis and was found to have 
methaemoglobinaemia (35%). He was treated with 
blood transfusions and intravenous ascorbic acid, 
and improved subsequently. This case demonstrates 
the successful management of a patient with severe 

methaemoglobinaemia in the setting of G6PD defi-
ciency haemolysis.

CaSe preSenTaTion
A 30-year-old Nepalese man presented to the emer-
gency department of our institution with fever, 
burning micturition and cola-coloured urine for 
the past 3 days. He first developed fever with rigors 
and chills and burning micturition. One day prior 
to the onset of these symptoms, he ate an Egyptian 
falafel containing fava beans. He went to a general 
physician on the second day of symptoms, who 
prescribed him ciprofloxacin (500 mg two times 
a day) and acetaminophen (1000 mg three times 
a day). After taking these medications for 1 day, 
he noticed that his urine became dark brown in 
colour (on day 3) and he also developed back pain. 
This compelled him to visit the emergency depart-
ment of our institution (see figure 1). On systemic 
inquiry, he reported having generalised weakness, 
headache and mild shortness of breath on exertion. 
On examination, he was febrile (oral temperature 
of 38.5°C) and tachycardiac with a regular pulse 
rate of 110/min. Pulse oximetry showed oxygen 
saturation of 85% on room air and his respiratory 
rate was 24/min. General examination was notable 
for conjunctival pallor and scleral icterus. Systemic 
examination was remarkable for an ejection systolic 
murmur (grade II/VI on the Levine scale) at the left 
lower sternal edge.

inveSTigaTionS and diagnoSiS
His laboratory investigations were notable for a haemo-
globin of 8.4 g/dL (reference range: 13.0–17.0 g/dL) 
and total leucocyte count of 15.0×109 cells/L (refer-
ence range: 4–10×109 cells/L). Peripheral smear 
showed marked polychromasia, anisocytosis, many 
nucleated red blood cells (RBC), few bite cells and 
many blister cells. His aspartate aminotransferase 
was elevated (126 U/L; reference range: 5–34 U/L), 
while alanine aminotransferase was normal (25 U/L; 
reference range: 0–45 U/L). Total bilirubin was also 
elevated at 222 μmol/L (reference range: 3.4–20.5 
μmol/L) with a direct bilirubin of 10.8 μmol/L (refer-
ence range: 0–8.8 μmol/L) suggestive of indirect 
hyperbilirubinaemia. Serum creatinine, urea, elec-
trolytes and coagulation profile were within normal 
limits. He was initially kept on oxygen 8 L/min by 
face mask, but pulse oximetry showed persistently 
low oxygen saturation (86%). His arterial blood gas 
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was done, which revealed oxygen saturation of 99% (suggestive 
of a ‘saturation gap’), PaO2 of oxygen of 95 mm Hg (reference 
range: 83–108 mm Hg), lactic acid of 0.9 mmol/L (reference 
range: 0.5–1.6 mmol/L) and methaemoglobin of 35% (refer-
ence range: 0.0%–1.5%). Oxygen therapy was reduced to 1 L/
min by nasal cannula and he was started on intravenous hydra-
tion. Urinalysis was ordered, which was notable for +3 blood 
and +1 leucocyte. Urine microscopy showed only 2 RBCs and 
23 pus cells. His blood and urine cultures were sent and he was 
empirically started on ceftriaxone (1000 mg one time a day) for 
a possible urinary tract infection. A plain chest radiograph was 
ordered, which was unremarkable. Ultrasonography of abdomen 
was also performed, which was unremarkable. Subsequently, 
results of haemolysis workup showed a reticulocyte count of 
15.3% (Reticulocyte  Production Index: 3.5%), lactate dehydro-
genase of 2894 U/L (reference range: 125–220 U/L), haptoglobin 
level of <5 mg/dL (reference range: 14–258 mg/dL), G6PD level 
of <35 units per trillion RBCs (reference range: 245–500 units 
per trillion RBCs) and negative direct Coomb’s test.

TreaTmenT
Haematology and toxicology teams were consulted. Haema-
tology team advised to avoid methylene blue as it can worsen 
G6PD deficiency-associated haemolysis. Toxicology team 
advised to start intravenous ascorbic acid (1000 mg four times a 
day) and continue supportive care. Patient was admitted to the 
medical floor for further evaluation and management.

In the ward, patient was noted to have a progressive drop in 
his haemoglobin reaching a nadir of 5.9 g/dL within 24 hours. 
He was transfused 2 units of packed RBCs with regular moni-
toring of his haemoglobin and supportive care. His methaemo-
globin level was also monitored regularly, which normalised 
after 24 hours.

ouTCome and follow-up
Final reports of blood and urine cultures revealed no growth. 
Blood smears for malarial parasite (sent thrice) were negative. 
Ceftriaxone and ascorbic acid were stopped and he was planned 

for discharge. He was educated about G6PD deficiency and the 
types of food and medications to avoid in the future. Patient 
continued to follow-up in haematology outpatient clinic and 
remained healthy. His repeat haemoglobin improved to 13.6 g/
dL at a 3 month follow-up visit. Haemoglobin electrophoresis 
performed on outpatient basis was also normal.

diSCuSSion
Methaemoglobin is an abnormal form of haemoglobin that 
impairs the ability of haemoglobin to unload oxygen molecules 
into tissue capillary beds, thereby impairing oxygenation of the 
body.1 Consequently, this results in a hypoxic state that impairs 
the generation of ATP in all cells of the body. Over time, this 
can lead to dysfunction of virtually every organ of the body, 
although metabolically active cells of the body (such as neurons) 
are at most risk.2 Clinically, patients with methaemoglobinaemia 
report non-specific symptoms (such as anxiety, lightheadedness 
and headache) which are related to the degree of methaemo-
globinaemia.4 At concentrations of 30%–50%, patients may 
develop confusion, tachycardia and tachypnoea. At higher 
concentrations (50%–70%), coma, seizures and arrhythmias can 
occur, which may lead to death if left untreated.5 In our patient, 
methaemoglobin level was 35% and he reported symptoms of 
fatigue and headache. He also had tachycardia and tachypnoea, 
although fever and anaemia contributed to this as well. More 
importantly, our patient had a significant degree of anaemia, 
which can result in more severe manifestations for a given degree 
of methaemoglobinaemia.

Methaemoglobinaemia is most commonly an acquired condi-
tion, although it can rarely be congenital. Congenital methae-
moglobinaemia often presents within the first few hours or days 
of life and is caused by cytochrome-b5 or cytochrome-b5 reduc-
tase deficiency.6 Cytochrome-b5 and cytochrome-b5 reductase 
are two enzymes that reduce methaemoglobin to haemoglobin 
by transferring electrons from reduced nicotinamide adenine 
dinucleotide to methaemoglobin. Acquired methaemoglo-
binaemia can be caused by toxins, chemicals or drugs that have 
strong oxidative potential.7 Nitrates and nitrites are classically 
described to cause methaemoglobinaemia. Long-term use of 
dapsone in patients with dermatitis herpetiformis has also been 
described to cause methaemoglobinaemia.8 Local anaesthetics 
(such as benzocaine and prilocaine) have been frequently impli-
cated in causing methaemoglobinaemia, especially in infants 
and young children.9 Cases of methaemoglobinaemia secondary 
to illicit drug use have also been reported in the literature.10 
Some recent reports described cases of methaemoglobinaemia 
in young infants secondary to ingestion of well water containing 
a high concentration of nitrates.11 In our patient, methaemoglo-
binaemia was likely a combined consequence of severe G6PD 
deficiency and ingestion of ciprofloxacin—a drug rarely impli-
cated in methaemoglobinaemia.12 However, in most cases of 
methaemoglobinaemia associated with G6PD deficiency, the 
degree of methaemoglobinaemia is mild (<5%).2 4 In the present 
case, our patient developed severe methaemoglobinaemia (35%) 
in conjunction with G6PD deficiency-associated haemolysis, 
which might have been secondary to an undetected concomitant 
enzyme deficiency.

G6PD is a rate-limiting enzyme of the pentose phosphate 
pathway, which reduces nicotinamide adenine dinucleotide 
phosphate (NADPH) from its oxidised state (NADP) to its 
reduced state (NADPH). NADPH is required in RBCs to main-
tain adequate intracellular levels of glutathione—a free radical 
scavenger. G6PD deficiency can lead to depletion of glutathione 

figure 1 A figure depicting the timeline and sequence of events that 
occurred in the present case. ED, emergency department.
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within erythrocytes and render them vulnerable to damage from 
oxidative compounds. Oxidative stress in various forms can lead 
to haemolysis in patients with G6PD deficiency.13 A variety of 
drugs can precipitate G6PD deficiency-associated haemolysis 
including dapsone, nitrofurantoin, primaquine, methylene blue, 
dimercaprol and rasburicase.14 The only food that can trigger 
haemolysis in patients with G6PD deficiency is fava beans.15 16 
Certain dietary and herbal supplements may also cause low level 
of haemolysis in G6PD deficiency, such as Acalypha indica, 
Coptis chinensis, Salix caprea and Lawsonia inermis.17–19 Severe 
illness, especially an acute infection, can precipitate G6PD defi-
ciency-associated haemolysis.20 In our patient, acute haemolysis 
was likely a combined consequence of severe acute infection, 
exposure to ciprofloxacin and possibly, ingestion of fava beans 
(contained in the falafel).

The antidote of choice for reversal of methaemoglobinaemia 
is methylene blue. Methylene blue is typically administered in a 
dose of 1–2 mg/kg as an intravenous infusion over 5 min. In most 
cases, methylene blue is effective and reverses methaemoglo-
binaemia rapidly (usually in less than 60 min).21 The mechanism 
of action involves the conversion of methylene blue to leucom-
ethylene blue by the enzyme NADPH methaemoglobin reductase, 
which in turn reduces methaemoglobin to haemoglobin. The 
enzyme NADPH methaemoglobin reductase requires NADPH, 
which it oxidises to NADP. As NADPH is primarily produced by 
the enzyme G6PD, patients deficient in G6PD cannot convert 
methylene blue to leucomethylene blue (as NADPH methaemo-
globin reductase cannot operate effectively because NADPH is 
in short supply). On the contrary, methylene blue can worsen 
G6PD deficiency-associated haemolysis as it can lead to genera-
tion of free radicals and oxidative damage to RBC membrane.22 
In patients with G6PD deficiency who develop methaemoglo-
binaemia, methylene blue cannot be used and alternative treat-
ment options need to be used.

Different alternative treatments have been described in the 
literature for managing patients with methaemoglobinaemia and 
G6PD deficiency. In patients with mild-to-moderate G6PD defi-
ciency and no evidence of haemolysis, it may be prudent to admin-
ister methylene blue at a lower dose with close monitoring.23 
Another antidote that has been described in in vitro studies is 
N-acetyl cysteine (NAC). In a study by Wright and colleagues, 
NAC successfully reduced methaemoglobin levels in an in 
vitro model of G6PD deficiency.24 However, in a randomised 
controlled trial published in 2000, intravenous NAC failed to 
reverse sodium nitrite-induced methaemoglobinaemia in healthy 
volunteers.25 Due to this reason, we avoided the use of NAC 
in the present case. Another antidote that has been described 
in previously published literature is ascorbic acid. Numerous in 
vitro studies have shown that ascorbic acid (vitamin C) can treat 
methaemoglobinaemia by removing key precursors of oxidative 
damage and reducing methaemoglobin.26 In a case report from 
Korea, Park and Lee described the use of high-dose intravenous 
ascorbic acid (10 g four times a day) for the treatment of methae-
moglobinaemia (due to non-availability of methylene blue).27 
However, in the case reported by Park and Lee, the patient did 
not have G6PD deficiency. In a series of five cases reported by 
Rino et al, intravenous ascorbic acid was successful for the treat-
ment of methaemoglobinaemia.28 The dose range reported in 
this case series ranged from 1 g three times a day to 2 g four times 
a day. The degree of methaemoglobinaemia ranged from 6.4% 
to 43%. In our patient, we used 1 g intravenous ascorbic acid 
every 6 hours in consultation with toxicology team and clinical 
pharmacists. Additionally, the patient received transfusion of 2 
units of packed RBCs. Subsequently, he recovered successfully 

and his methaemoglobin level normalised within 24 hours. Apart 
from ascorbic acid, a few other treatment options have also been 
described in the literature, such as riboflavin,29 cimetidine30 and 
ketoconazole.31 In cases where methaemoglobinaemia persists 
despite all measures, exchange transfusion has been used as a last 
resort with favourable results.32

There are several caveats in the interpretation of this case 
report which deserve attention. First of all, it must be recognised 
that the pathogenesis of methaemoglobinaemia differs 
depending on its aetiology and, therefore, efficacy of various 
treatment options may differ for patients with the same degree 
of methaemoglobinaemia depending on their aetiopathogen-
esis.28 Second, in the present case, patient received transfusion 
of 2 units of packed RBCs. Although exchange transfusion was 
not used in this case, simple transfusion in patients with signifi-
cant anaemia can offset methaemoglobinaemia by increasing the 
proportion of oxyhaemoglobin in the blood. This precludes an 
accurate assessment of the effect of ascorbic acid on methae-
moglobinaemia in this case. Third, in the present case, patient 
had G6PD deficiency, which precluded the use of methylene 
blue. In cases where methylene blue is not contraindicated, it 
remains the treatment choice as its efficacy in clinical settings 
is well established and it reverses methaemoglobinaemia within 
minutes.33 This is in contrast to the use of ascorbic acid which 
typically requires 12–24 hours to have any significant effect and, 
therefore, it is less favourable for patients with severe manifes-
tations of methaemoglobinaemia.26–28 Lastly, data from in vitro 
studies shows that ascorbic acid can only significantly reduce 
methaemoglobin at concentrations of ≥10 mM.26 27 Such high 
plasma concentrations of ascorbic acid can only be achieved 
with intravenous administration as gastrointestinal absorption 
of ascorbic acid is regulated and precludes the attainment of 
such plasma concentrations.32 It is also worth noting that innate 
mechanisms and metabolic reactions can slowly reduce methae-
moglobin to haemoglobin.34 However, the rate of physiological 
reduction of methaemoglobin is estimated to be approximately 
3% per day,35 which is insufficient for patients with symptomatic 
methaemoglobinaemia.

In a nutshell, we presented the case of a 30-year-old man 
who presented with clinical features of a urinary tract infection 
complicated by G6PD deficiency-associated haemolysis and 
methaemoglobinaemia. G6PD deficiency haemolysis was likely 
a combined consequence of severe infection, ingestion of fava 
beans and exposure to ciprofloxacin, and manifested clinically as 
haemoglobinuria and back pain. Methaemoglobinaemia resulted 
from severe G6PD deficiency and exposure to ciprofloxacin, 

learning points

 ► Methaemoglobinaemia should be suspected in a patient who 
has a persistently low oxygen saturation (typically 85%) on 
pulse oximetry with a normal oxygen saturation on arterial 
blood gas analysis (the so-called ‘saturation gap’).

 ► Diagnosis of methaemoglobinaemia can be readily made by 
co-oximetry.

 ► Methaemoglobinaemia can occur concomitantly with 
glucose-6-phosphate dehydrogenase (G6PD) deficiency and 
methylene blue should be avoided in such cases.

 ► Blood transfusions (simple or exchange) and intravenous 
ascorbic acid may be feasible treatment options for patients 
with symptomatic methaemoglobinaemia and concomitant 
G6PD deficiency-associated haemolysis.
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although an undetected, concomitant enzyme deficiency 
might also have contributed (given the degree of methaemo-
globinaemia). Patient’s shortness of breath and presence of a 
‘saturation gap’ were accounted for by methaemoglobinaemia. 
Successful management of this rare clinical presentation entailed 
the use of blood products, intravenous ascorbic acid and antibi-
otics (to treat underlying infection).
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