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ABSTRACT
Objective: Methemoglobinemia is a clinical entity characterized by substitution of ferrous iron (Fe+2) in the hemoglobin 
structure by ferric iron (Fe+3) that lacks oxygen carrying capacity. Acquired methemoglobinemia may occur due to 
oxidant substances and drugs, of which local anesthetics constitute an important group. In this study the incidence of 
prilocaine-induced methemoglobinemia was studied.
Material and Methods: This study was performed on children who presented to the urology department for 
circumcision in 2013. Methemoglobin levels were measured prior to and after prilocaine injection.
Results: The study enrolled 74 children aged 6 months to 12 years. Five patients with a known hematological disorder 
or those with chronic disorders were excluded. Of the cases, 20.2 % were found to have methemoglobinemia but 
none had symptoms. Mean preoperative and postoperative incidences of methemoglobin were 0.71% and 1.80%, 
respectively. Methemoglobin level was reduced as age of the patient increased.
Conclusion: The risk of methemoglobinemia should be considered with local anesthetic agents widely used in clinical 
practice, particularly in small age groups.
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ÖZ
Amaç: Methemoglobinemi, hemoglobindeki ferröz demirin (Fe+2) yerini oksijen taşıma kapasitesi olmayan ferrik 
demirin (Fe+3) alması ile karakterize bir klinik durumdur. Edinsel methemoglobinemi, oksidan maddeler ve ilaçlara bağlı 
olarak ortaya çıkabilirken, lokal anestezikler ilaçlar arasında önemli bir grubu oluşturur. Bu çalışmada prilokaine bağlı 
methemoglobinemi sıklığı araştırılmıştır. 
Gereç ve Yöntemler: Çalışma 2013 yılında üroloji polikliniğine sünnet amacıyla başvuran çocuklar arasında yapıldı. 
Prilokain öncesi ve sonrası methemoglobin düzeyleri araştırıldı. 
Bulgular: Çalışmaya yaşları 6 ay ile 12 yaş arasında değişen 74 çocuk dahil edildi. Bilinen hematolojik ve kronik 
hastalığı olanlar çıkarılmıştır. Olguların %20.2’sinde methemoglobinemi saptanırken semptomatik olan olgu saptanmadı. 
Methemoglobin ortalaması %0.71, postoperatif %1.80 olarak saptandı. Yaşın artışına parelel olarak methemoglobin 
düzeyinin azaldığı gözlendi. 
Sonuç: Günlük pratikte sıklıkla kullanılan lokal anesteziklerin kullanımı ile özellikle küçük yaş grubunda methemoglobinemi 
riski göz önünde bulundurulmalıdır.
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INTRODUCTION

Methemoglobinemia is a clinical entity characterized by 
substitution of ferrous iron (F+2) in the hemoglobin structure 
by ferric (F+3) iron that lacks oxygen carrying capacity (1). 
Methemoglobinemia occurs after the intake of an oxidizing 

substance. Serum Methemoglobin concentration is 
typically kept at the range of 1% to 2% by the cytochrome 
b5 methemoglobin reductase enzyme. This enzyme is 
dependent on adenine dinucleotide. The clinical effect of 
methemoglobinemia is functional anemia that results from the 
inability of methemoglobin to bind oxygen (2).
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test, considering data distribution. Patients with methemoglobin 
levels below and above 2% were compared with respect to age, 
hemoglobin, postoperative and preoperative levels using Welch 
t-test or Wilcoxon-Mann-Whitney test. Descriptive statistics 
were presented as mean± standard deviation, median, minimum 
and maximum. The correlation between study parameters was 
tested using Spearman’s ρ (rho) correlation analysis. A P value 
of less than 0.05 was considered statistically significant. All 
analyses were carried out using the statistical software R.

RESULTS

This study involves 69 children. The age range was 6 months 
to 12 years, with a mean of 7.08 ± 2.39 years (min=6 months, 
max=12 years). The mean hemoglobin level was 12.57 ± 
1.01 gr/dl (min=9.8, max=14.9). The mean preoperative 
methemoglobin level was 0.72 ± 0.31 (min=0.2, max=1.9) and 
the mean postoperative methemoglobin level was 1.80 ± 1.47 
(min=0.6, max=11.6). Methemoglobinemia was diagnosed in 14 
(20.2%) patients postoperatively. There was a medium inverse 
correlation between age and postoperative methemoglobin level 
(Pearson Correlation test, r = -0.49, medium p<0.001 actual p 
value). In parallel to age increase, there occurred a reduction in 
the methemoglobin levels (Figure 1). The mean age of patients 
with a methemoglobin level below 2% was 7.64 (St. deviation 
± 1.68) years while those who had a methemoglobin level 
above 2% had a mean age of 4.8 years (St. deviation ± 3.41) 
(p=0.001, Mann-Whithey U test). There was weak a correlation 
between hemogram and postoperative methemoglobin level 
(Pearson Correlation test, r = -0.22, p= 0.069). While the mean 
hemoglobin concentration was 12.7 (St. deviation ±1.02) gr/
dl in those with a postoperative methemoglobin level below 
2%, those who had a methemoglobin concentration exceeding 
2% had a mean hemoglobin count of 11.99 (St. deviation ± 
0.78) gr/dl (p=0.007, t-test) (Figure 2). In our patients with 
methemoglobinemia were detected any clinical sign and 
symptom.

DISCUSSION

Acquired methemoglobinemia caused by local anesthetics 
is an important clinical problem. Prilocaine, benzocaine, 
lidocaine, and tetracaine are the most notable local anesthetic 
agents shown to induce methemoglobinemia (5). Among 
these, prilocaine is known to induce methemoglobinemia 
through its ortho toluidine metabolite (14). Erythrocytes being 
exposed to more antioxidant than they can handle may cause 
methemoglobinemia. Methemoglobinemia risk is known to 
increase in parallel to an increase in local anesthetic dose (4, 
15).

In our study about 1/5 of children who were circumcised 
under prilocaine local anesthesia had a methemoglobin level 

Extremely high levels of methemoglobin result from exposure to 
various oxidant substances or drugs such as local anesthetics 
and dapsone. Local anesthetics, one of the indirect oxidants, can 
also be seen in normal standard doses, but methemoglobinemia 
is usually seen in high doses (3-6). Methemoglobinemia may also 
occur due to prilocaine, a widely used local anesthetic agent (4). 
Benzocaine-induced methemoglobinemia may be encountered 
in one of every 700 cases (8). Apart from local anesthetics, other 
drugs such as nitroglycerin, dapsone, phenacetin, phenytoin, 
primaquine, sulphonamides, and prilocaine metabolites are 
also known to cause methemoglobinemia (9). Cyanosis is 
observed at a methemoglobin level above 15%; at levels 
exceeding 45%, clinical signs and symptoms as serious as 
acidosis, cardiac arrhythmia, dyspnea, seizures, and coma (10). 
Methemoglobinemia associated with EMLA (eutectic mixture of 
local anesthetics), a local anesthetic mixture of prilocaine and 
lidocaine, is not widely known, a report issued by American 
Association of Poison Control Centers in 2012 states that no 
case of EMLA-induced methemoglobinemia has yet reported 
(11).

Cyanosis occurring after local anesthesia is an important 
clue for diagnosis. In addition to clinical signs, lower 
saturation readings despite high arterial oxygen pressure also 
suggest methemoglobinemia (12). We aimed to determine 
methemoglobinemia incidence among children undergoing 
circumcision using prilocaine anesthesia.

MATERIALS and METHOD

Our study was conducted among healthy children presented 
for circumcision within one-month period. Patients with a 
known hematological disorder or those with chronic disorders 
were excluded. A general examination was performed before 
circumcision in every patient, and routine hemogram and blood 
gas analysis (0.5 ml blood was taken from the patient with a 
syringe and analyzed without waiting) was done to check 
preoperative methemoglobin levels (Instrument Laboratory 
GEM PREMIER 3.000, Italy).

Methemoglobin level is known to not exceed 1-2% in healthy 
persons. We accepted a threshold value of 2% to define 
methemoglobinemia (13).

Prior to circumcision prilocaine was used at a dose of 1 mg/
kg/dose as the local anesthetic agent (Cytanest 2%; Astra 
Zeneca, İstanbul, Turkey). Methemoglobin level was rechecked 
1 hour after circumcision. All children were monitored for 6 
hours postoperatively; and then discharged after a general 
examination was performed. 

Statistical analysis

The comparison of post-circumcision (postoperative) and 
pre-circumcision (preoperative) methemoglobin levels were 
performed with Matched-pairs t-test or Wilcoxon signed-rank 
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Figure 1: Patients with methemoglobin levels 
below 2% vs above 2% for age hemoglobin, pre-op 
and post-op methemoglobin values 

Figure 2: Post-op and pre-op methemoglobin 
levels.
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conducted in a region where G6PD deficiency has formerly 
been reported to be prevalent are the other limitations.

In conclusion, subclinical methemoglobinemia is common 
with the use of local anesthetic agents widely used in clinical 
practice. A low hemoglobin level also increases the risk of 
methemoglobinemia.
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