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RESUMO
Nascimento TS, Pereira ROL, Mello HLD, Costa J — Metemoglo-
binemia: do Diagndstico ao Tratamento.

JUSTIFICATIVAS E OBJETIVOS: A metemoglobina é a forma oxi-
dada da hemoglobina, que além de nédo se ligar ao oxigénio, au-
menta a afinidade deste pela por¢do parcialmente oxidada da
hemoglobina. A concentracdo aumentada da metemoglobina no
sangue decorre de alteragbes congénitas e de exposicdo a agen-
tes quimicos diversos, resultando em quadro com mdltiplos diag-
ndsticos diferenciais, que se néo tratado pode levar ao obito. Foi
feita revisdo sobre o assunto, dando énfase as informagoes rele-
vantes para o manuseio clinico dos pacientes.

CONTEUDO: Quando a concentracdo sangiiinea de metemoglo-
bina esta acima de 1,5% surge a cianose, caracteristica principal
da doencga. Os pacientes apresentam sangue arterial de coloracdo
marrom-escuro com a PaO, normal. O diagndstico deve ser sus-
peitado em pacientes que apresentem cianose e baixa leitura de
saturagdo ao oximetro de pulso (SpO,), sem que haja comprome-
timento cardiopulmonar significativo. A co-oximetria é o método pa-
drdo-ouro e define o diagndstico. No tratamento dos pacientes
devem ser considerados o carater agudo ou crénico da sindrome
(etiologia) e a gravidade dos sintomas. A concentragdo sangliinea
de metemoglobina é importante, sobretudo nos casos agudos. O
tratamento basico consiste na remogédo do agente causador, admi-
nistrac8o de oxigénio e observacdo. Casos graves devem ser tra-
tados com azul-de-metileno, antidoto especifico, porém ineficaz
em algumas situagoes.

CONCLUSAO: A metemoglobinemia é condicdo potencialmente
grave, cujo diagndstico depende do alto grau de suspeigdo. Em geral,
0s anestesiologistas, no periodo perioperatdrio, sS40 0s primeiros a
detectarem o problema e devem liderar a condug&o do tratamento.

Unitermos: COMPLICACOES: metemoglobinemia; MONITORIZACAQ:
oximetria de pulso, co-oximetria.
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SUMMARY
Nascimento TS, Pereira ROL, Mello HLD, Costa J — Methemoglo-
binemia: from Diagnosis to Treatment.

BACKGROUND AND OBJECTIVES: Methemoglobin is the oxidi-
zed form of hemoglobin, which does not bind oxygen and increases
the affinity of oxygen for the patrtially oxidized portion of hemaoglobin.
Increased levels of methemoglobin in the blood are secondary to
congenital changes and exposure to several chemical agents,
resulting in a disorder with several differential diagnoses, which it
can lead to death if it is not treated. The objective of this report was
to review this subject, emphasizing relevant information for the
clinical management of patients with methemoglobinemia.

CONTENTS: When the concentration of methemoglobin in the
blood is above 1.5%, the patient develops cyanosis, the main cha-
racteristic of this disorder. The color of the arterial blood changes
to dark brown with normal PaO,. One should suspect the diagnosis
in patients with cyanosis and low saturation (SpO,) without
significant cardiopulmonary dysfunction. Co-oximetry is the gold
standard and defines the diagnosis. Treatment should be based on
whether the syndrome is acute or chronic (etiology) and on the se-
verity of symptoms. Blood levels of methemoglobin are important,
especially in acute cases. Basic treatment includes removal of the
agent responsible for the disorder, administration of oxygen, and
observation. Severe cases should be treated with the specific
antidote, methylene blue, which is not effective in some situations.

CONCLUSIONS: Methemoglobinemia is a potentially severe disor-
der, whose diagnosis depends on a high degree of suspicion. In ge-
neral, anesthesiologists are the first to detect the problem in the
preoperative period and should lead the treatment.

Key Words: COMPLICATIONS: methemoglobinemia; MONITORING:
pulse oximetry, co-oximetry.

INTRODUCAO

A metemoglobinemia (MetHba) é sindrome clinica causada
pelo aumento da concentracdo de metemoglobina (MetHb)
no sangue !, que ocorre tanto por alteragdes congénitas (cro-
nicas) na sintese ou no metabolismo da hemoglobina (Hb),
como em situacdes agudas de desequilibrio nas reacdes
de reducgédo e oxidacao (desequilibrio redox) induzidas pela
exposicdo a agentes quimicos diversos 23. A principal carac-
teristica da MetHba é cianose central, que néo responde a
oxigenoterapia *7, podendo levar a diminuicdo da oferta de
oxigénio (DO,). Com prevaléncia de dificil estimativa, abran-
gendo casos leves provavelmente subdiagnosticados e ca-
sos fatais, a MetHba muitas vezes se apresenta no periodo
perioperatério, devendo ser do conhecimento de todo o anes-
tesiologista.
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ETIOPATOGENIA

A molécula de Hb corresponde a um tetramero, formado por
cadeias alfa, beta, gama ou delta. A forma de Hb mais co-
mum nos adultos (HbA) é composta de duas cadeias o e
de duas cadeias . Cada cadeia da Hb é constituida de um
polipeptideo globina ligado a um grupo prostético heme, o
qual consiste em um anel de protoporfirina IX complexado
com um unico atomo de ferro no estado ferroso (Fe?). Assim,
ha quatro atomos de ferro em cada molécula de Hb. Cada
atomo de ferro no estado ferroso pode se ligar reversivel-
mente a uma molécula de O, somando um total de quatro
moléculas de O, transportadas por cada molécula de Hb 8.
A MetHb, bem como a carboxiemoglobina (COHb) e a sulfemo-
globina (SHb), corresponde a uma disemoglobina (disHb),
ou seja, uma espécie de Hb que néo se liga ao O,. A MetHb
é a forma oxidada da Hb, cujo Fe?* da por¢do heme esta oxi-
dado ao estado férrico (Fe**) e, por isso, ndo consegue se li-
gar ao oxigénio. O Fe® provoca ainda mudanca alostérica
na porcdo heme da Hb parcialmente oxidada, aumentando
sua afinidade pelo O,. Assim, além de a MetHb néo se ligar
ao O,, ela desvia a curva de dissociacdo da Hb parcialmente
oxidada para a esquerda &, prejudicando também a libe-
racdo de O, para os tecidos. A hipoxia tecidual provocada
pela MetHba é consequéncia ndo s6 da diminui¢cdo da Hb
livre para transportar O, (anemia relativa), mas também pela
dificuldade de liberacdo de O, para os tecidos ™.

Em tese, qualquer agente oxidante pode provocar formagéo
de MetHb 6. Diariamente, a Hb sofre oxidacdo a MetHb; en-
tretanto, os sistemas redutores naturais mantém os niveis
de MetHb abaixo de 2% 3. O principal responsavel pela
reducdo enddgena da MetHb, correspondendo a 99% da ati-
vidade redutora, € a NADH metemoglobina redutase (NADH-
MR) °, um sistema com duas enzimas, que sdo 0 citocromo
B5 e citocromo B5-redutase (CB5R). A NADH-MR transfere
um elétron do NADH para a MetHDb, transformando-a em he-
moglobina reduzida (HHb) (Figura 1). Outros sistemas tam-
bém auxiliam na manutencdo da MetHb em niveis basais,
destacando-se, entre eles, o acido ascérbico, o glutation e
NADPH desidrogenase. O glutation reduz muitas substan-
cias oxidantes no sangue antes que elas ataquem a Hb 4.
Entretanto, em condi¢cdes normais essas vias s80 menos
significativas, tornando-se importantes somente quando a
NADH-MR esta comprometida °. A MetHba resulta de situa-
¢Oes de desequilibrio redox, quer seja pela oxidagéo ex-
cessiva da Hb (aumento da produc¢éo) ou pela diminui¢do
da atividade das enzimas redutoras (redug¢do do metabo-
lismo) 91012,

CLASSIFICACAO
A MetHba pode ser congénita ou adquirida. A forma adquiri-
da (aguda) resulta da exposicdo a oxidantes diversos (Qua-

dros | e II) e eventualmente surge em situagfes patolégicas,
como sepse, crise falcémica e infec¢des gastrintestinais em

652

> D

NADPH MetHb
Redutase

Leucoazul de Metileno Azul de Metileno

MetHb HHb

Citocromo B5/
Citocromo B5-redutase

G =

Figura 1 — Principal Via de Reducgdo da Metemoglobina.

criangas *°. Hoje, ndo se dispde de prevaléncias exatas, mas
acredita-se que os casos adquiridos sejam mais freqiien-
tes que os de origem congénita 6. Os agentes oxidantes
aceleram a oxidacéo da Hb de 100 a 1.000 vezes e acabam
sobrepujando a capacidade dos sistemas redutores endo-
genos 7. O contato com essas substancias ocorre pelo tra-
tamento com inameros farmacos 571141823 intoxicacdo por
pesticidas, herbicidas, fertilizantes 2, fumaca de escapamen-
to de automdveis ** e substancias quimicas industriais 24%.
Entre os farmacos mais implicados, destacam-se 0s anes-
tésicos locais (benzocaina, lidocaina e prilocaina), a dap-
sona, os derivados da fenacetina e os antimalaricos ¢. Os
diversos casos de MetHba relacionados com sprays de ben-
zocaina em procedimentos endoscoépicos resultaram na
proibicdo do emprego tdpico orofaringeo dessa droga pelo
Food and Drug Administration (FDA), agéncia reguladora
dos Estados Unidos®. Grande parte das intoxica¢des que
resultam em MetHba tem como agentes causadores nitritos
ou nitratos 2%%272°, Com grande poder oxidante, essas subs-
tancias tém amplo emprego na industria alimenticia como
preservativos e corantes 2°. Estdo presentes em refeicdes
prontas para bebés, alimentos com sabor barbecue e mui-
tos outros produtos #32°, Os nitratos também participam
como contaminantes de agua potavel. Ha alguns anos vém
sendo relatados casos de MetHba aguda em éareas rurais
nos Estados Unidos e em diferentes areas residenciais na
india 32728 A populagéo mais pobre, usuaria de pocos irre-
gulares, é a mais atingida pelo problema 3.
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Quadro | — Farmacos Capazes de Induzir Metemoglobinemia

- Acetaminofeno - Antimalaricos - Nitratos

- Oxido nitrico

- Acido p-amino salicilico - Cloroquina - Nitrato de ambnio - Oxido nitroso

- Anestésicos locais - Primaquina - Nitrato de prata - Piperazina

- Benzocaina - Quinacrina - Nitrato de sédio - Rifampicina

- Bupivacaina - Azul-de-metileno - Nitroglicerina - Riluzole

- Lidocaina - Dapsona - Nitroprussiato - Sulfonamidas

- Prilocaina - Fenacetinas - Subnitrato de bismuto - Sulfassalazina
- EMLA* - Fenazopiridina - Nitritos - Sulfametoxazol
- Anticonvulsivantes - Flutamida - Nitrito de amilo - Sulfatiazida

- Acido valproéico - Hidroxilamina - Nitrito de isobutil - Sulfapiridina

- Fenitoina - Hipoglicemiantes orais - Nitrofurantoina - Sulfanilamida

- Metoclopramida - Sulfonas
*Mistura eutética de anestésicos locais.

Quadro Il — Agentes Quimicos Capazes de Induzir Metemoglobinemia

- Acetanilide - Cromatos - Nitratos - Naftalina

- Alloxan - Dimetil sulfoxide - Nitrato de potassio* - Nitrofenol

- Anilinas* - Dinitrofenol - Nitrato de sodio* - Nitrobenzeno

- Aminofenol - Fenol - Nitritos - Nitroenanteno

- Benzeno - Fumacas - Isobutil nitrito - Paraquat

- Cobre bivalente - Escapamento de automéveis - Buitil nitrito - Toluidina

- Cloratos

- Queima de madeira e plastico

- Trinitrotolueno (TNT)

*Substancias comumente encontradas em alimentos industrializados.

Os lactentes sao particularmente suscetiveis a MetHba, uma
vez que tém atividade reduzida da CB5R (de 50% a 60%
com relagdo ao adulto) até os 4 meses de idade, além da
hemoglobina fetal (HbF) ser mais facilmente oxidada que
HbA 32°, Além disso, o pH intestinal mais elevado facilita o
crescimento de bactérias gram-negativas conversoras de
nitratos alimentares em nitritos, que tém maior poder oxi-
dante 6, O desmame anterior aos 4 meses de idade expde
o lactente a contaminag&o por nitratos de origens diversas,
inclusive de fontes naturais (cenoura, beterraba, fava, feijao
verde, espinafre e abdbora) 3. A intoxicagdo de lactentes leva
a formacéo de MetHb numa velocidade acima da capacida-
de de reducdo, e a gravidade do quadro depende de alguns
fatores, como quantidade de toxina a que o individuo foi ex-
posto, capacidade metabdlica individual, absorc¢éo intestinal
e recirculagédo éntero-hepatica °.

A causa mais comum de MetHba congénita é a deficiéncia
de CB5R 12, Herdada de forma autossdmica recessiva, a
doenca é dividida em dois tipos: o tipo |, que acomete so-
mente hemacias maduras e o tipo Il, que atinge todos os
tipos celulares. A deficiéncia de CB5R tipo | é distribuida
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mundialmente, mas é endémica em algumas populacdes,
como a dos indios Athabascan e Navajo, da América do
Norte e Yakutsk, nativos da Sibéria 2. Em outros grupos
étnicos, o defeito ocorre de forma esporadica. Os homo-
zigotos tém fMetHb (fracdo de MetHb com relacdo a Hb to-
tal expressa em percentual, que varia de 10% a 35%) e em
geral apresentam cianose e policitemia, permanecendo
sem outros sintomas até que ocorram niveis de MetHb su-
periores a 40% 12, A expectativa de vida ndo € menor que
na populacdo em geral e as gestacdes ocorrem normal-
mente. A atividade CB5R nos individuos heterozigotos é
em torno de 50% da atividade observada nos individuos
saudaveis. Apesar desse nivel ser suficiente para manter
a fMetHb abaixo de 1%, algumas vezes condi¢des de
estresse oxidativo agudo podem superar a capacidade do
eritrécito em reduzir a MetHb, produzindo MetHba aguda
sintomatica, podendo-se inferir que a0 menos uma parte
dos pacientes que desenvolvem a sindrome aguda deva
ser de fato heterozigota para deficiéncia de CB5R ainda
sem diagndstico *. Pela instala¢@o abrupta do quadro, es-
ses individuos sofrem mais que os homozigotos, ja que
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estes desenvolvem mecanismos de tolerancia desde o
nascimento, e os heterozigotos ndo o fazem 1232,

De 10% a 15% dos individuos com deficiéncia de CB5R
congénita apresentam doenga do tipo Il, causada por defi-
ciéncia enzimatica em todas as variedades de células, in-
cluindo células n&o-eritroides, como fibroblastos, linfocitos
e células do sistema nervoso central %12, A doenca, de
ocorréncia esporadica mundial, apresenta-se com retardo
mental e atraso no desenvolvimento. A expectativa de vida
nesses pacientes é bem reduzida em virtude de complica-
¢Oes neurolégicas. O tratamento com agentes redutores nao
tem efeito nessas complicacdes e ndo altera o mau prog-
néstico da doencga 012,

Outra causa de MetHba congénita é a doenca da hemoglo-
bina M (HbM) °323%3, Nessa condigdo, a Hb sofre mutagées
na cadeia de globina, com estabilizacdo do ferro do radical
heme no estado oxidado Fe®*. Em geral, ha substituicdo de
histidina por tirosina na cadeia alfa ou beta. As aberrag6es
levam & formacédo de complexo ferro-fenolato resistente a
reducdo e, assim, a HbM néo pode ser reduzida pela NADH-
MR & Até o momento, diversas variantes da HbM ja foram
identificadas e caracterizadas (Boston, Iwate, Kankakee,
Saskatoon, Hyde Park, Osaka, Fort Ripley) °. Quando a mu-
tacdo acomete a cadeia alfa, a cianose se apresenta desde
0 nascimento; quando a cadeia beta é afetada, a cianose
surge a partir dos seis meses de idade, periodo em que a
maior parte da HbF ja foi substituida pela HbA 8%, Os porta-
dores de HbM séo ciandticos, mas ndo costumam exibir
sintomas. Entretanto, a exposi¢do a farmacos ou toxinas
capazes de oxidar a Hb pode aumentar a fMetHb e com isso
trazer descompensacéo clinica 8. Na HbM, a expectativa de
vida ndo é afetada e a doenca é herdada com um padréo
autossdmico dominante. Acredita-se que a homozigose seja
incompativel com a vida .

MANIFESTACOES CLINICAS

As manifestacdes clinicas da MetHba s&o reflexos da dimi-
nuicdo da capacidade carreadora de O, e ttm como subs-
trato a hipéxia tecidual 5. Em geral, fMetHb abaixo de 15%
resulta somente em pigmentagéo acinzentada da pele, mas
€ comum essa condicdo passar despercebida. A anemia
torna os pacientes mais sensiveis a MetHba por diminuir a
reserva funcional de Hb 6. Acima de 12% a 15% encontra-
mos sangue marrom “cor de chocolate” e cianose central
gue ndo responde a administragdo de O, suplementar e €
desproporcional aos discretos sintomas gerais °. Os sinto-
mas neuroldgicos e cardiovasculares (tontura, cefaléia, an-
siedade, dispnéia, sintomas de baixo débito cardiaco,
sonoléncia e crise convulsiva) habitualmente surgem com
fMetHb acima de 20% a 30%. A medida que os niveis de
MetHb aumentam, ha redugdo do nivel de consciéncia, de-
pressao respiratéria, choque e 6bito. A fMetHb acima de 70%
costuma ser fatal.
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Tabela | — Manifesta¢des Clinicas da Metemoglobinemia

fMetHb (%) Sinais e Sintomas

< 3 (normal) Nenhum

3-15 Frequentemente nenhum
Pele acinzentada

15-30 Cianose
Sangue marrom-chocolate
30-50 Dispnéia
Cefaléia
Fadiga, fraqueza
Tonteira, sincope
Spo, ~ 85%
50-70 Taquipnéia
Acidose metabélica
Arritmias cardiacas
Convulsées
Depresséo do SNC
Coma

> 70 Obito

SNC — sistema nervoso central.

Conforme ja citado, pacientes com doenca congénita desen-
volvem adaptag0es fisioldgicas e podem tolerar niveis ele-
vados (até 40%) sem apresentar sintomas. As adaptacdes
incluem modificagdes na concentragdo de 2,3-DPG e pH,
sintese das cadeias de globina e policitemia 8. Esses mes-
mos pacientes podem ter descompensacéo clinica quando
expostos aos agentes que oxidem adicionalmente a hemo-
globina, aumentando a fMetHb & ou em doengas que elevam
a sua demanda metabdlica, como as que se manifestam
com sindrome de resposta inflamatéria sistémica (SIRS). A
Tabela | mostra a correlacdo entre fMetHb e as manifesta-
¢Oes clinicas.

METODOS DIAGNOSTICOS E DE MONITORIZACAO

O diagnéstico de MetHba deve ser suspeitado em pacientes
gue apresentam cianose central e baixa leitura de saturacéo
ao oximetro de pulso (SpO,), excluidas as causas mais co-
muns, como as disfun¢des cardiopulmonares . A analise
do sangue arterial em aparelho de gasometria mostra uma
presséo parcial de O, (PaO,) suficientemente alta, com sa-
turacé@o da Hb (Sa0,) normal, em valores bem acima daque-
les indicados pelo oximetro de pulso 2129,

A co-oximetria € 0 método padrdo-ouro para o diagndstico
de MetHba 915203334 co-oximetro € um equipamento capaz
de medir a concentracdo dos diferentes tipos de Hb no san-
gue através da espectrofotometria, utilizando diferentes
comprimentos de onda. Essa tecnologia € baseada na lei de
Lambert-Beer, que relaciona a concentragdo de um soluto
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com a intensidade de luz transmitida através de uma solu-
¢do (Figura 2) *. As diferentes estruturas moleculares assu-
midas pelo radical heme nas diferentes espécies de Hb
possuem espectros de absorvéncia caracteristicos, chama-
dos de coeficientes de extingdo. Como a absorvéncia € uma
propriedade aditiva, aferindo-a em n comprimentos de onda,
obtem-se a concentragdo de n substancias e, assim, indi-
vidualiza-se os tipos de Hb ° %,

Até meados dos anos 80 co-oximetros eram capazes de
medir as fra¢cbes de HHb, O,Hb (oxiemoglobina), COHb,
MetHb e SHb, com o emprego de seis comprimentos de
onda. Modelos atuais medem a absorvéncia luminosa em
até 128 comprimentos de onda, 0 que aumenta a precisao
dos aparelhos, minimiza a interferéncia de substancias in-
desejadas e permite a detecgdo de maior niumero de subs-
tancias °.

Apesar dos recentes avangos, 0 co-oximetro ainda nao pode
ser considerado um método perfeito na quantificagéo da
MetHb °. E possivel que o espectro de absorvéncia de suas
formas totalmente oxidadas seja um pouco diferente das
formas parcialmente oxidadas. N&o esta estabelecido se os
co-oximetros discriminam essas moléculas; assim, ndo se
pode excluir que o total de MetHb (soma das formas com-
pleta e parcialmente oxidadas) seja subdetectada 3¢. Na
HbM e variantes, as modifica¢des estruturais na cadeia de
globina tornam o espectro de absorvéncia luminosa muito
diferente da MetHb tipica, provocando problemas na quan-
tificacdo da fMetHb, sobretudo ao se utilizar co-oximetros
antigos. Na HbM a fMetHb pode ser subestimada, cursan-
do com aumentos artificiais de fCOHb e/ou fSHb °. O azul-
de-metileno também pode ser fonte de erro na afericdo da
MetHb pelo co-oximetro 2568, Possuindo caracteristicas de
absorvéncia luminosa semelhantes a MetHb, o azul-de-me-
tileno pode ser interpretado como MetHb, superestimando
a concentragdo desta ap0ds o tratamento 8. Por isso, reco-
menda-se que seja analisada uma amostra no co-oximetro
antes de se utilizar o azul-de-metileno. Apesar das diversas

=1 e? (1)

trans In

a=dC,e (2

Onde:
l,ans = intensidade da luz transmitida
I, = intensidade da luz incidente
a = absorvéncia
d = distancia percorrida pelaluz na solugéo
C, = concentragéo do soluto

e = coeficiente de extingéo do soluto

Figura 2 — Lei de Lambert-Beer. Principio tecnoldgico dos espec-
trofotdmetros.
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particularidades e possiveis fontes de erro, 0 co-oximetro
ainda é a Unica ferramenta laboratorial capaz de fornecer
dados sobre a capacidade carreadora de O, nas diversas
formas de MetHba °. Mais importante que o valor de fMetHb
mostrado pelo co-oximetro, é o conjunto de informacgdes cli-
nicas que devera nortear as condutas a serem tomadas.

O oximetro de pulso é um fotémetro simplificado que estima
a saturagdo da Hb arterial medindo a raz@o de transmisséo
luminosa pulsatil em um leito vascular através de dois com-
primentos de onda — em geral, 660 nm (luz vermelha) e
940 nm (luz quase-infravermelha). A utilizagdo de apenas
dois comprimentos de onda limita a capacidade discrimi-
natoria do oximetro a O,Hb e HHb. De fato, tanto a O,Hb
quanto a HHb absorvem luz nos comprimentos de onda uti-
lizados. E a partir da razdo de absorvéncia (R) nos dois
comprimentos de onda nas fases pulsatil, denominado AC,
e ndo-pulsétil, denominado DC, que a saturacao € inferida
(Figura 3). O valor de R obtido corresponde a um valor da
saturagdo da Hb arterial obtida a partir de uma curva de cali-
bragdo empirica armazenada na memodria do aparelho. As-
sim, o valor da SpO, € uma aproximagcéo fiel da saturacéo
funcional da Hb no sangue arterial (Figura 4-a). Como quan-
tidades significativas de espécies de Hb além da HHb e
O,Hb s&o raras na pratica clinica diaria, a SpO, representa
satisfatoriamente a saturagdo da hemoglobina na maioria
dos pacientes. Entretanto, na presenga de disHb, o monitor
€ incapaz de medir com preciséo a concentragdo de qualquer
espécie de Hb, fornecendo leituras de saturacéo erradas.
Ainda, na presenca de espécies adicionais de Hb a capaci-
dade carreadora de O, pelo sangue n&o pode ser represen-

R = ACGGO / DCGGO
AC:940 / DCQ4O

Figura 3 — Raz&o das Absorvéncias Luminosas dos Componentes
Pulsatil (AC) e Nao-Pulsétil (DC) nos Comprimentos de Onda de
660 nm e 940 nm.

O,Hb x 100%

@) Sa0; = “5 Hb + AHb

O,Hb

0,
O,Hb + HHb + COHb + Metrb X 100%

(b) O,Hb% =

Figura 4 — Saturacdo Funcional da Hemoglobina (a); Saturagao
Fracional da Hemoglobina (b). Na presenca de metemoglobi-
nemia, a saturagdo fracional se correlaciona melhor com o
transporte de O, para os tecidos.
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tada pela saturacéo funcional, mas pela saturagéo fracional
(Figura 4-b), que leva em conta as diversas espécies de Hb
existentes %,

Conforme demonstrado experimentalmente %, o aumento
na fMetHb produz queda progressiva na fO,Hb medida pelo
co-oximetro, enquanto a SpO, apresenta queda menos
acentuada, estacionando em torno de 85% com fMetHb aci-
ma de 35%. Acima desses niveis a SpO, superestima a sa-
turacéo real da Hb (fO,Hb) e oculta um possivel quadro de
hipéxia tecidual. Embora seja monitor indispensavel no
acompanhamento a beira do leito da capacidade carreadora
de O, em pacientes criticos e cirurgicos, na presenca de
disHb o oximetro de pulso é inutil e pode induzir a tomada
de decisdes erradas pelo profissional desavisado 3435, Em
2005, foram introduzidos no mercado norte-americano dois
modelos de co-oximetro de pulso. Esses aparelhos utilizam
oito comprimentos de onda e conseguem medir fMetHb e
fCOHb 1. Seu uso clinico ja esta aprovado pelo FDA nos
casos suspeitos de MetHba e intoxicagdo por mondxido de
carbono.

As gasometrias do sangue arterial ndo servem como para-
metro de avaliagdo da capacidade carreadora de O, nas
disemoglobinemias. Nos aparelhos de gasometria conven-
cionais, a PaO, aferida é correlacionada matematicamente
com um valor de saturagéo da Hb (SaO,), em fungéo do pH
e de uma curva de dissociacdo da Hb padronizada. Assim,
a saturagdo da Hb nos aparelhos de gasometria ndo é afe-
rida, mas estimada. Se a utilizagdo de curva de dissocia¢do
da Hb padr&o (normal) para estimar a SaO, em individuos
doentes usualmente fornecer valores imprecisos, nos por-
tadores de intoxica¢des por MetHb, COHb ou SHb os valo-
res sdo grosseiramente errados 3.

Apesar da histéria familiar ser importante e com frequéncia
definir o diagnostico de MetHba congénita, as vezes séo
necessarios métodos adicionais para a confirmagéo diag-
néstica . A HbM pode ser confirmada pela eletroforese de
hemoglobina e a deficiéncia de CB5R é confirmada pela afe-
ricdo de sua atividade pela espectrofotometria .

TRATAMENTO

No paciente com MetHba a decisdo terapéutica deve ser
orientada primariamente pela gravidade do quadro clini-
co 2617192032 nivel sangliineo da MetHb tem importancia
secundaria na definicdo da conduta.

Em geral, o quadro é leve. Nesses casos, 0 tratamento con-
siste na remocdo do agente indutor, administracéo de O,
em alto fluxo, observacao clinica e andlise co-oximétrica
evolutiva 8%2°, Cessada exposi¢cdo ao agente indutor, a
fMetHb retorna aos niveis basais dentro de 36 horas #*. O
uso de O, suplementar aumenta a quantidade de O, dissol-
vido no plasma, contribuindo ainda que discretamente para
a melhora da DO, e do consumo de oxigénio (VO,) durante
hipoxia tecidual. A ventilagdo pulmonar hiperéxica (fragédo
inspirada de O,de 1,0) pode acelerar a degradagdo da
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MetHb e prolongar o tempo de sobrevivéncia de porcos sub-
metidos a MetHba aguda letal experimentalmente 3840,

Nas situacBes em que haja manifestacfes clinicas significa-
tivas (tontura, cefaléia, ansiedade, dispnéia, manifestacdes
de baixo débito cardiaco, sonoléncia e crise convulsiva),
além da conduta basica relatada, deve-se utilizar o azul-
de-metileno como antidoto especifico. Muitos autores suge-
rem o emprego do azul-de-metileno sempre que a fMetHb
ultrapassa 30%, independentemente da presenca de sinto-
mas 23579202529 Egsa recomendacgédo se faz sobretudo
guando o paciente avaliado esta inconsciente (p. ex., trau-
matismo cranioencefalico, sedacao profunda ou anestesia
geral). As evidéncias de hipdxia tecidual obtidas através da
monitorizagdo habitual — acidose metabdlica, hiperlactate-
mia, taquicardia, alteracdo no segmento ST, colapso cardio-
vascular — podem surgir tardiamente e resultar em lesdes
graves e sequelas irreversiveis 2,

Conforme ja citado, os casos de MetHba congénita podem
evoluir com niveis elevados de fMetHb (até 35% a 40%) sem
manifestar sintomas hipoxicos &°12, Entretanto, inUmeras
condi¢gBes que desequilibrem a relagcdo oferta/consumo de
O, global desses individuos (SIRS, doencas cardiopulmo-
nares, anemia, etc.) podem resultar em descompensacgao
clinica 322, Da mesma forma, a exposicdo a substancias
oxidantes pode aumentar niveis de MetHb e agudizar os sin-
tomas 81232, Portanto, a decisdo de se tratar ou ndo o pacien-
te deve ser individualizada e orientada sobretudo de acordo
com o contexto clinico 442,

O azul-de-metileno é uma tiazina com propriedade anti-sép-
tica e oxidante dose-dependente 5. Durante sua utilizagdo, o
sistema enzimatico alternativo (NADPH metemoglobina re-
dutase) torna-se fundamental na reducdo da MetHb. O azul-
de-metileno ativa a NADPH metemoglobina redutase, que
reduz o azul-de-metileno a leucoazul-de-metileno. Este, en-
tdo, por mecanismo néo-enzimatico, transforma a MetHb em
HHb (Figura 1). Na verdade, como o azul-de-metileno tem
acdo oxidante, é seu subproduto metabdlico — leucoazul-
de-metileno — que reduz a MetHb °.

A dose recomendada de azul-de-metileno é de 1 a 2 mg.kg?,
administrada como solugdo a 1% por via venosa ao longo de
5 minutos °3%. O farmaco pode ainda ser administrado por via
oral ou intra-6ssea em casos selecionados . O uso por via
subcuténea esta associado a abcesso no local da injecéo °.
A fMetHb cai de forma acentuada dentro de 30 a 60 minutos
apos a primeira dose °%. Doses adicionais podem ser ad-
ministradas a cada hora quando necesséarias, ndo deven-
do ultrapassar 7 mg.kg* de peso no total. A administragédo
por via venosa rapida e o uso de doses acima das recomen-
dadas podem provocar dor toracica, dispnéia, hipertensao,
diaforese e aumentar paradoxalmente a fMetHb 5694344 Aci-
ma de 15 mg.kg? ocorre leséo direta da hemacia e hemdli-
se com corpos de Heinz 5. Deve haver cautela no uso do
farmaco em pacientes com insuficiéncia renal, ja que tanto
0 azul quanto o leucoazul-de-metileno sdo lentamente
excretados pelos rins 5. A urina apresenta coloracéo azulada
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durante o tratamento. O mesmo ocorre em graus variados
com a cor da pele e de mucosas, o que dificulta a interpreta-
¢ao da cianose ap0s o tratamento *>!’. Podem ocorrer ainda
sintomas gastrintestinais e raramente reagdo anafilatica *.
Diminui¢des expressivas do indice bispectral (BIS®) podem
ocorrer apos a administragdo de azul-de-metileno *.

Nos casos de MetHba congénita, somente os pacientes
com deficiéncia de CB5R redutase apresentam resposta
consistente ao tratamento com azul-de-metileno. Na doen-
¢a da HbM, como o aparato enzimatico responsavel pela ati-
vidade redutora das hemécias € normal e a oxidagado do ferro
€ estabilizada pela cadeia de globina, os pacientes ndo res-
pondem de forma adequada aos doadores de elétrons
exogenos 8. Em geral, nos casos de HbM o azul-de-metileno
ndo é indicado 3.

Também sédo causas de ndo-resposta ao azul-de-metileno:
deficiéncia de NADPH metaemoglobina redutase, deficiéncia
de glicose-6-fosfato desidrogenase (G6PD) e presenca de
SHb erroneamente indicada como MetHb pelo co-oximetro
4546 Na deficiéncia de G6PD as hemacias néo produzem
NADPH em quantidade suficiente para reduzir o azul-de-
metileno a leucoazul-de-metileno. Sobretudo nesses casos,
tem-se tentado a n-acetil-cisteina (outro doador de elétrons)
como tratamento alternativo “.

Outros tratamentos para MetHba incluem acido ascérbico,
exsanguinitransfusdo e oxigenoterapia hiperbarica. Casos
selecionados de deficiéncia de NADH-MR sem gravidade
podem ser tratados com 300 a 1.000 mg de &cido ascorbico
por via venosa diariamente °. J& os casos de metHba adqui-
rida (aguda) ndo respondem ao acido ascorbico porque sua
capacidade de redugdo da MetHb é muito inferior a dos
sistemas enzimaticos endégenos °. A oxigenoterapia hi-
perbarica aumenta a quantidade de O, dissolvido no plasma
e traz o CaO, pr6ximo ao minimo necessario para a manu-
tencdo do metabolismo, mesmo em condi¢gbes de anemia
extrema 2. Com o tratamento hiperbarico é possivel manter
a DO, temporariamente, até que a capacidade carreadora
de oxigénio seja recuperada por exsanguinitransfusdo 2438,
Assim, tanto a oxigenioterapia hiperbarica, quanto a exsan-
guinitransfuséo séo reservadas para o tratamento dos casos
graves, sem resposta ao azul-de-metileno ?°. Esses pacien-
tes também se beneficiam de suporte ventilatério e cardio-
vascular, sendo mais bem acompanhados em ambiente de
terapia intensiva 3.

CONCLUSAO

A MetHba é uma sindrome com multiplas etiologias e pre-
valéncia incerta. Relne alteragBes congénitas variadas e
reacOes toxicas a agentes quimicos diversos. Com apresen-
tacdo freqliente no periodo perioperatério, seu diagnostico
deve ser considerado nos casos de cianose grave, ndo res-
ponsiva a oxigenoterapia, apos afastar-se disfungéo car-
diopulmonar. Os artefatos e as imprecisdes oriundos da
oximetria de pulso e gasometria convencional podem tanto

Revista Brasileira de Anestesiologia
Vol. 58, N° 6, Novembro-Dezembro, 2008

sugerir o diagndstico quanto dificultar a instituicdo e o acom-
panhamento do tratamento. Somente com 0 conhecimento
dessas particularidades é possivel tomar as condutas ade-
quadas.

GLOSSARIO

CaO, — conteudo arterial de oxigénio

CB5R — citocromo B5-redutase

COHb — carboxiemoglobina

disHb — disemoglobina

DO, — oferta de oxigénio

Fe? — ijon ferroso

Fe3* — ion férrico

fMetHb — fracdo de metemoglobina

fO,Hb — fragdo de oxiemoglobina ou saturagdo fracional da
hemoglobina

O,Hb — oxiemoglobina

G6PD — glicose 6-fosfato desidrogenase

Hb — hemoglobina

HbA — hemoglobina tipo adulto

HbF — hemoglobina fetal

HbM — hemoglobina M

HHb — hemoglobina reduzida

MetHb — metemoglobina

MetHba — metemoglobinemia

NADH-MR — NADH-metemoglobina redutase

PaO, — pressdo parcial de oxigénio no sangue arterial
SHb — sulfemoglobina

SaO, — saturacgéo funcional da hemoglobina arterial
SpO, — saturagdo da hemoglobina fornecida pelo oximetro
de pulso

Methemoglobinemia: from Diagnosis to
Treatment

Tatiana Souza do Nascimento, M.D.; Rodrigo Otavio Lami
Pereira, TSA, M.D.; Humberto Luiz Dias de Mello, TSA, M.D.;
José Costa, TSA, M.D.

INTRODUCTION

Methemoglobinemia (MetHba) is a clinical syndrome cau-
sed by an increase in the blood levels of methemoglobin
(MetHb) * secondary to both congenital (chronic) changes in
hemoglobin (Hb) synthesis or metabolism, or acute imba-
lances in reduction and oxidation reactions (redox imbalan-
ce) induced by the exposure to several chemical agents 22.
Central cyanosis unresponsive to the administration of oxy-
gen *7, which can cause a reduction in oxygen delivery (DO,),
is the main characteristic of MetHba. Its prevalence is diffi-
cult to determine because it encompasses mild cases, which
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are probably underdiagnosed, and fatal cases; it frequently
presents in the preoperative period and should be known to
every anesthesiologist.

ETIOPATHOGENY

The molecule of Hb is a tetramer composed of alpha, beta,
gamma, or delta chains. The most common form of Hb in
adults (HbA) consists of two o and two B chains. Each Hb
chain is formed by a globin polypeptide linked to a prosthe-
tic heme group, which is formed by a complex of a protopor-
firin IX ring and one atom of ferrous iron (Fe*?). Thus, each
Hb molecule has four atoms of iron. Each ferrous iron can
reversibly link one O, molecule, for a total of four molecules
of O, transported by each Hb molecule 8.

Methemoglobin, along with carboxyhemoglobin (COHb) and
sulfhemoglobin (SHb), represents a dyshemoglobin (dysHb),
i.e., a type of hemoglobin that does not bind O,. Methemo-
globin is the oxidized form of Hb, whose heme Fe*? is oxi-
dized to ferric iron (Fe*®) and, for this reason, cannot bind
oxygen. Ferric iron also causes an allosteric change in the
heme portion of partially oxidized Hb, increasing its O, affi-
nity. Thus, besides the inability to bind O,, MetHb shifts the
dissociation curve of partially oxidized Hb to the left &, hin-
dering the release of O, in the tissues. Tissue hypoxia cau-
sed by MetHba is secondary to a reduction in free Hb to
transport O, (relative anemia) and the difficulty to release O,
in the tissues .

In theory, any oxidizing agent can lead to the formation of
MetHb 6. Hemoglobin is constantly being oxidized; however,
natural reducing systems maintain the levels of MetHb under
2% 53, NADH-Methemoglobin reductase (NADH-NR)?, a
system with two enzymes, cytochrome B5 and cytochrome
B5-reductase (CB5R), is responsible for the endogenous
reduction of MetHb, corresponding to 99% of the reducing
activity. NADH-Methemoglobin reductase transfers one elec-
tron from NADH to MetHb, changing it into reduced hemo-
globin (HHb) (Figure 1). Other systems also help to maintain
a low level of MetHb; among them, ascorbic acid, gluthation,
and NADPH dehydrogenase should be mentioned. Glutha-
tion reduces several oxidizing substances in the blood before
they attack the Hb 4. However, under normal conditions those
pathways are less significant, but become important when
NADH-MR is disrupted °. Methemoglobinemia results from
a redox imbalance, either due to excessive oxidization of Hb
(increased production) or a decrease in the activity of redu-
cing enzymes (decreased metabolism) %1012,

CLASSIFICATION

Methemoglobinemia can be congenital or acquired. Acquired
(acute) MetHba results from the exposure to several oxidizing
agents (Charts | and 1l), and occasionally are secondary to
pathologic conditions, such as sepsis, sickle cell crisis, and
gastrointestinal infections in children %°. The exact prevalence
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NADPH MetHb
Redutase

Methylene leucoblue Methylene blue

MetHb HHb

Cytochrome B5/
Cytochrome B5-redutase

Figure 1 — Main Pathway of Methemoglobin Reduction.

is not currently available, but it is believed that acquired cases
are more frequent than congenital ones 6. Oxidizing agents
accelerate 100 to a 1,000 times the oxidation of Hb, and
eventually overwhelm the capacity of reducing endogenous
systems ¥’; they include several drugs 15714182, " intoxication
with pesticides, herbicides, and fertilizers 3, automobile
exhaust fumes 3, and industrial chemicals 24%. Drugs impli-
cated more often include local anesthetics (benzocaine, li-
docaine, and prilocaine), dapsone, phenacetin derivatives,
and drugs used in the treatment of malaria 6. Several cases
of MetHba related with the use of benzocaine sprays during
endoscopies led the Food and Drug Administration (FDA), a
regulating agency in the USA, to ban the topical oropharyngeal
use of this drug ?. A large proportion of intoxication-induced
MetHba is secondary to the use of nitrites and nitrates 23527-29,
Those drugs are powerful oxidants widely used as preserva-
tives and dyes in the food industry 2°. They can be found in
industrialized baby foods, barbecue-flavored foodstuffs, and
other products 232, Nitrates can also be present, as a conta-
minant, in drinking water. Cases of acute MetHba have been
reported in rural areas of the USA and several residential
areas in India for some years 3272, Poor people who use
water from irregular water wells are affected more often by
this problem 3.

Infants are particularly susceptible to MetHba since, until 4
months of age, the activity of CB5R is reduced (50% to 60%
of adults) and fetal hemoglobin (HbF) is more easily oxidized
than HbA 320, Besides, the elevated intestinal pH facilitates
the growth of Gram-negative bacteria that convert food ni-
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Chart | — Drugs Capable of Inducing Methemoglobinemia

- Acetaminophen

- Anti malaria drugs

- Nitrates - Nitric oxide

- p-Aminosalicylic acid - Chloroquine - Ammonium nitrate - Nitrous oxide

- Local anesthetics - Primaquine - Silver nitrate - Piperazine

- Benzocaine - Quinacrine - Sodium nitrate - Rifampin

- Bupivacaine - Methylene blue - Nitroglycerine - Riluzole

- Lidocaine - Dapsone - Nitroprusside - Sulfonamides

- Prilocaine - Phenacetins - Bismuth subnitrate - Sulfasalazine

- EMLA* - Phenazopyridine - Nitrites - Sulfamethoxazole

- Anticonvulsants - Flutamide - Amyl nitrate - Sulfadiazine

- Valproic acid - Hydroxylamine - Isobutyl nitrate - Sulfapyridine

- Phenytoin - Oral hypoglycemics - Nitrofurantoin - Sulfanilamide
- Metochlopramide - Sulfones

*Eutetic mixture of local anesthetics.

Chart Il — Chemical Agents Capable of Inducing Methemoglobinemia

- Acetanilide - Chromates - Nitrates - Naphthalene

- Alloxan - Dimethyl sulfoxide - Potassium nitrate* - Nitrophenol

- Anilines* - Dinitrophenol
- Aminophenol - Phenol
- Benzene - Fumes

- Bivalent copper - Automobile exhaust fumes

- Chlorates - Burning wood and plastic

- Sodium nitrate* - Nitrobenzene

- Nitrites - Nitroethane
- Isobutyl nitrite - Paraquat
- Butyl nitrite - Toluidine

- Trinitrotoluene (TNT)

*Substances normally found in industrialized foodstuffs.

trates in nitrites that have higher oxidative capacity . Early
weaning of infants, before 4 months of age, exposes them
to nitrate-contamination from several sources, including natu-
ral sources (carrot, beets, fava beans, green beans, spinach,
and pumpkin) 3. Intoxication of infants causes the production
of MetHb at a rate above the reduction capacity, and the
severity of the case depends on the amount of toxin the
patient has been exposed to, individual metabolic capacity,
intestinal absorption, and enterohepatic circulation °.

Deficiency of CB5R is the most common cause of congenital
MetHba 12, |t is an autosomal recessive disorder divided in
two types: type | affects only mature red blood cells; and type
Il affects all cell types. Type | CB5R deficiency is found world-
wide, but it is endemic in specific populations, such as Atha-
basca and Navajo Native Americans, in the USA, and the
Yakutsk, Siberian natives 2. In other ethnical groups this
disorder is sporadic. Homozygous have fMetHb (fraction of
MetHb relative to total Hb expressed in percentage, which
varies from 10% to 35%) and usually present cyanosis and
polycythemia, and other symptoms only develop with MetHb
levels greater than 40% %2, The life expectancy of those
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patients is not lower than the general population and preg-
nancies develop normally. Heterozygous individuals have
CB5R with 50% of the activity observed in healthy subjects.
Although this level of activity is enough to maintain fMetHb
under 1%, conditions of acute oxidative stress can occasio-
nally overwhelm the ability of the erythrocyte to reduce MetHb,
leading to acute symptomatic MetHba, and one can infer that
at least part of the patients who develop the acute syndrome
are probably undiagnosed heterozygous for CB5R deficien-
cy *. Due to the sudden development, this disorder is probably
harder in heterozygous than in homozygous individuals, sin-
ce the latter develop tolerance mechanisms since birth 1232,
Type Il disorder affects 10% to 15% of the individuals with
congenital deficiency of CB5R, which is caused by enzymatic
deficiency in all cell types, including non-erythroid cells like
fibroblasts, lymphocytes, and central nervous system cells.
This disorder, which is sporadic all over the world, manifests
as mental retardation and developmental delay. Life expec-
tancy is reduced due to neurologic complications. Treatment
with reducing agents is not effective for those complications
and does not change the prognosis of this disorder 1012,
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Hemoglobin M (HbM) disease is another cause of congenital
MetHba %3233, |n this condition, mutations affect the globin
chain of Hb, stabilizing the iron of the heme radical as oxidi-
zed Fe®*. Usually thyrosine replaces the histidine in the alpha
or beta chain. Those aberrations cause the formation of an
iron-phenolate complex, which is resistant to reduction and,
for this reason, HbM cannot be reduced by NADH-MR 8. Seve-
ral variants of HbM have been identified and characterized
(Boston, Iwate, Kankakee, Saskatoon, Hyde Park, Osaka,
Fort Ripley) °. When mutation affects the alpha chain, cyano-
sis is present at birth; when it affects the beta chain, cyanosis
starts at six months of age, period that most of HbF has
been substituted by HbA 8%, Patients with HbM are cyanotic
but are usually asymptomatic. However, exposure to drugs
or toxins capable of oxidizing Hb can increase fHbM and lead
to clinical decompensation 8. Life expectancy is not affected
in HbM, which is an autosomal dominant disorder. It is belie-
ved that homozygosis is incompatible with life .

CLINICAL MANIFESTATIONS

Clinical manifestations of MetHba reflect the reduction in O,-
carrying capacity, leading to tissue hypoxia 5. In general,
fMetHb under 15% causes only a grayish pigmentation of the
skin, but the condition is frequently overlooked. Anemia makes
patients more sensitive to MetHba by reducing the functional
stores of Hb . Above 12% to 15%, the blood is brown (a cho-
colate color) and patients have central cyanosis non-respon-
sive to the administration of O,, which is not proportional to
the discrete general symptoms °. Neurologic and cardiovas-
cular symptoms (dizziness, headache, anxiety, dyspnea,
symptoms of low cardiac output, somnolence, and seizures)
are commonly present with fMetHb above 20% to 30%. As
levels of MetHb increase, the patient evolves with reduction
in the level of consciousness, respiratory depression, shock,
and death. Levels of fMetHb above 70% are usually fatal.
As mentioned before, patients with congenital disease de-
velop physiological adaptations and can tolerate elevated
levels (up to 40%) without symptoms. Those adaptations
include changes in the concentration of 2,3-DPG and pH,
synthesis of globin chains, and polycythemia®3. But those
patients can present clinical decompensation when exposed
to agents that also oxidize hemoglobin, increasing fMetHb &,
or in diseases that increase the metabolic demand, such as
those that manifest with systemic inflammatory response
syndrome (SIRS). Table | shows the correlation of fMetHb
and clinical manifestations.

DIAGNOSTIC AND MONITORING METHODS
One should suspect MetHba in patients with central cyanosis
and low saturation on pulse oximetry (SpO,) once more com-

mon causes, like cardiopulmonary dysfunctions, are ruled
out 7. Arterial blood analysis shows a high partial pressure
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Table | — Clinical Manifestations of Methemoglobinemia.

fMetHb (%) Signs and Symptoms

< 3 (normal) None

3-15 Frequently none
Grayish skin

15- 30 Cyanosis

Chocolate-brown blood

30 - 50 Dyspnea
Headache

Fatigue, weakness
Dizziness, syncope
SpO, ~ 85%

50 - 70 Tachypnea
Metabolic acidosis
Cardiac arrhythmias
Seizures

CNS depression

Coma

>70 Death

CNS - central nervous system.

of O, (Pa0O,) with normal Hb saturation (SaO,), with values
well above those indicated by pulse oximetry 22,

Co-oximetry is the gold standard for the diagnosis of
MetHba 1520334 The co-oximeter is capable of measuring
the concentration of different types of Hb in the blood through
spectrophotometry, using different wavelengths. This tech-
nology is based on the Lambert-Beer law that correlates the
concentration of a dissolved substance to the intensity of the
light transmitted through a solution (Figure 2) 3. The different
molecular structure of the heme radical in different species
of Hb has characteristic absorbance spectra called extinc-

=1 e (1)

trans In

a=dC.e (2

Onde:
l,ans = intensidade da luz transmitida
., = intensidade da luz incidente
a = absorvéncia
d = distancia percorrida pelaluz na solugéo
C, = concentragéo do soluto

e = coeficiente de extin¢gdo do soluto

Figure 2 - Lambert-Beer Law. Technological principle of spectro-
photometers.
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tion coefficient. Since absorbance is an addictive property,
measuring in n wavelengths one obtains the concentration
of n substances, individualizing the types of Hb °3,

Until the middle of the decade of 1980 co-oximeters were
capable of measuring fractions of HHb, O,Hb (oxyhemoglo-
bin), COHb, MetHb, and SHb using six wavelengths. Current
models measure light absorbance of up to 128 wavelengths,
increasing the precision of the equipment, minimizing inter-
ferences from undesirable substances, and allowing the de-
tection of a larger number of substance °.

Despite recent advances, co-oximeters cannot be considered
the perfect MetHb quantification method °. It is possible that
the absorbance spectrum of totally oxidized forms of Hb is
discretely different from partially oxidized forms. It has not
been determined whether co-oximeters discriminate those
molecules; thus, it is possible that total MetHb (the sum of
complete and partially oxidized forms) is underdetected.
Structural variations in the globin chain of HbM, and its va-
riants, make their absorbance spectrum significantly diffe-
rent from the typical MetHb, causing problems to quantify
fMetHb, especially when using older co-oximeters. In HbM,
fMetHb can be underestimated, while f{COHb and/or fSHb are
artificially increased °. Methylene blue can also be a source
of error when measuring MetHb in the co-oximeter 2568, Sin-
ce the absorbance characteristics of methylene blue are simi-
lar to MetHb, it can be interpreted as MetHb, overestimating
its concentration after the treatment 8. Therefore, it is recom-
mended to analyze a sample in the co-oximeter before using
methylene blue. Despite the different particularities and pos-
sible sources of error, the co-oximeter is still the only labo-
ratorial tool capable of providing data on the O,-carrying
capacity of the different forms of MetHb °. The set of clinical
information that should guide the steps to be taken is more
important than the level of fMetHb showed by the co-oximeter.
The pulse oximeter is a simplified photometer that estimates
the arterial saturation of Hb by measuring the ratio of pulsa-
tile luminous transmission in a vascular bed using two wa-
velengths — usually 600 nm (red light) and 940 nm (almost
infrared light). The use of only two wavelengths limits the dis-
criminatory capacity of the oximeter to O,Hb and HHb. In fact,
both O,Hb and HHb absorb light in the wavelengths used.
The determination of saturation is based on the absorbency
ratio (R) in the pulsatile phases, called AC, and non-pulsa-
tile, called DC (Figure 3). The value of R obtained corresponds
to a value of arterial Hb saturation obtained from an empirical
calibration curve stored in the memory of the device. Thus,
the value of SpO, is a true approximation of the functional Hb
saturation in arterial blood (Figure 4-a). Since significant
amounts of Hb species, besides HHb and O,Hb, are rare in
daily practice, SpO, is a satisfactory representation of hemo-
globin saturation in most patients. However, in the presence
of dysHb the monitor is incapable of measuring precisely the
concentration of any specie of Hb, providing wrong satura-
tion readings. In the presence of additional species of Hb, the
O,-carrying capacity of the blood can only represent the
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R = ACGGO / DCGGO
AC:940 / DC940

Figure 3 - Luminous Absorbance Ratio of the Pulsatile (AC) and
Non-Pulsatile (DC) Components of 660 nm and 940 nm Wa-
velengths.

O,Hb x 100%

@) S0, = 5 Hb + AHb

O,Hb

0,
O,Hb + HHb + COHb + Metrb X 100%

(b) O,Hb% =

Figure 4 — Functional Hemoglobin Saturation (a); Fractional He-mo-
globin Saturation (b). In the presence of methemoglobinemia,
fractional hemoglobin saturation correlates better with O,
delivery to the tissues.

fractional saturation (Figure 4-b), which considers the diffe-
rent species of Hb, and not the functional saturation °3°,
According to experimental demonstrations %, increases in
fMetHb produce progressive reduction of the fO,Hb measu-
red by co-oximetry, while SpO, shows a less marked reduc-
tion, stabilizing at approximately 85% with fMetHb above
35%. Above those levels, SpO, overestimates the real Hb sa-
turation (fO,Hb), concealing possible tissue hypoxia. Although
it is an important device for the bedside follow up of O2 car-
rying capacity in critical and surgical patients, the pulse oxi-
meter is useless in the presence of dysHb, and can lead to
wrongful decision-making by the ill-judged physician 4%, In
2005, two models of co-oximeter were introduced in the North-
American market. Those devices use eight wavelengths and
are capable of measuring fMetHb and fCOHb %. They have
been approved by the FDA to be used in suspected cases of
MetHb and carbon monoxide intoxication.

Arterial gas anlaysis cannot be used as parameters to as-
sess the O,-carrying capacity in dyshemoglobinemias. In
conventional arterial blood gas analyzers, the PaO, measured
is correlated mathematically with the value of Hb saturation
(Sa0,) as a function of the pH, and a standardized Hb dis-
sociation curve. Thus, those devices do not measure, but
estimate, the Hb saturation. If the standard (normal) Hb dis-
sociation curve is inaccurate in sick individuals, in patients
with MetHb, COHb, or SHB intoxications those parameters
are markedly wrong °%.

Although family history is important and frequently defines
the diagnosis of congenital MetHba, additional methods are
occasionally necessary to confirm the diagnosis®. The pre-
sence of HbM can be confirmed by hemoglobin electrophore-
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sis, while CB5R deficiency is confirmed with the determi-
nation of its activity by spectrophotometry 1,

TREATMENT

Treatment of patients with MetHba should be guided, prima-
rily, by the severity of the disorder 2617192032 Blood levels of
MetHb represent a secondary parameter in the definition of
the treatment.

Usually, the symptoms are mild. In those cases, treatment
consists of removing the inducing agent, administration of
high-flow O,, observation, and evolutive co-oximetric as-
sessment 5920, After discontinuation of the causative agent,
fMetHb returns to baseline levels within 36 hours . The use
of supplementary O, increases plasma levels of dissolved
O,, contributing, discretely, to the improvement of DO, and
oxygen consumption (VO,) during tissue hypoxia. Hyperoxic
pulmonary ventilation (inspired fraction of O, of 1.0) can acce-
lerate the degradation of MetHb and prolong the survival of
pigs submitted to lethal acute MetHba 2357:9.20-29

In situations of significant clinical manifestations (e.g., diz-
ziness, headache, anxiety, dyspnea, symptoms of low car-
diac output, somnolence, and seizures), besides the basic
conduct mentioned, methylene blue should be used as a
specific antidote. Several authors suggest that methylene
blue should be used with MetHb above 30%, regardless of
the presence or absence of symptoms 23579202529 Thjs is
especially recommended when the patient is unconscious
(e.g., head trauma, deep sedation, or general anesthesia).
Evidence of tissue hypoxia obtained by the usual monitoring
— metabolic acidosis, hyperlactatemia, tachycardia, changes
in ST segment, cardiovascular shock — can be a late deve-
lopment and might result in severe damages and irreversi-
ble sequela 2.

As mentioned before, cases of congenital MetHba evolve
with elevated levels of fMetHb (up to 35% to 40%) without
symptoms of hypoxia 1%12, However, several conditions lea-
ding to imbalances in the global supply/demand ratio of O,
in those individuals (SIRS, cardiopulmonary disorders, ane-
mia, etc.) can cause clinical decompensation 8332, Similar-
ly, exposure to oxidizing drugs can increase the levels of
MetHb, leading to the development of acute symptoms 8122,
Therefore, the decision to treat or not should be individua-
lized and oriented according to the clinical presentation 442,
Methylene blue is a thiazine dye with dose-dependent anti-
septic and oxidizing properties °. During its use, the alter-
native enzymatic system (NADPH methemoglobin reductase)
becomes fundamental in the reduction of MetHb. Methylene
blue activates NADPH methemoglobin reductase, which
reduces methylene blue to methylene leucoblue, which
transforms MetHb in HHb by a non-enzymatic mechanism
(Figure 1). In reality, methylene blue is an oxidizer; it is its
metabolic by-product — methylene leucoblue — that reduces
MetHb *.
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The recommended dose of methylene blue ranges from 1 to
2 mg.kg?, administered intravenously as a 1% solution over
5 minutes °3. It can also be administered by the oral or intra-
osseous routes in selected cases 3. The subcutaneous
administration of this drug is associated with abscess for-
mation at the injection site 5. The levels of fMetHb fall signi-
ficantly 30 to 60 minutes after the first dose °%. Additional
doses can be administered every hour if necessary, up to a
maximum total dose of 7 mg.kg?. Fast intravenous adminis-
tration or the use of doses above the recommended dose
can cause thoracic pain, dyspnea, hypertension, diaphore-
sis, and paradoxal increase of fMetHb 5694344 Doses above
15 mg.kg? cause direct damage of red blood cells and hemo-
lysis with Heinz bodies °. This drug should be administered
carefully in patients with renal failure, since both methylene
blue and leucoblue are slowly excreted by the kidneys °. Du-
ring treatment, the urine has a bluish tint. The same occurs,
in varying degrees, to the skin and mucous membranes, hin-
dering the interpretation of cyanosis after the treatment 5.
Gastrointestinal symptoms may also be seen and, rarely, ana-
phylactic reaction *°. The bispectral index (BIS) may show
marked reduction after treatment with ethylene blue “.

In cases of congenital MetHba, only patients with deficiency
of CB5R reductase show consistent results to methylene
blue. In HbM disease, patients do not show adequate res-
ponse to exogenous electron donors because the enzymatic
machinery responsible for the reductive activity of red blood
cells is normal and iron oxidation is stabilized by the globin
chain 8. In general, methylene blue is not indicated in cases
of HbM 34,

Other causes of unresponsiveness to methylene blue inclu-
de: NADPH methemoglobin reductase deficiency, glucose-6-
fosfate dehydrogenase (G6PD) deficiency, and the presence of
SHb erroneously identified as MetHb by the co-oximeter 4546,
In G6PD deficiency, red blood cells do not produce enough
NADPH to reduce methylene blue to methylene leucoblue;
N-acetyl-cysteine (another electron donor) has been used on
those cases . Other treatments for MetHba include ascorbic
acid, exsanguination-transfusion, and hyperbaric oxygen
therapy. Selected cases of non-severe NADH-MR deficiency
can be treated with the intravenous administration 300 to
1,000 mg of ascorbic acid daily °. On the other hand, acquired
(acute) MetHba does not respond to ascorbic acid because
its capacity to reduce MetHb is much inferior to that of endo-
genous enzymatic systems . Hyperbaric oxygen therapy
increases the level of O, dissolved in the plasma and brings
CO, close to the minimum necessary to maintain the meta-
bolism, even in the of severe anemia ?*. With hyperbaric
treatment it is possible to maintain the DO, temporarily, until
the oxygen carrying capacity is restored with exsanguination-
transfusion 24%, Therefore, both hyperbaric oxygen therapy
and exsanguination-transfusion are reserved for severe ca-
ses that do not respond to methylene blue #. Those patients
also benefit from ventilatory and cardiovascular support, and
are better followed in the intensive care unit 2.
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CONCLUSION

MetHba is a syndrome with multiple etiologies, including dif-
ferent congenital changes and toxic reactions to several
chemical agents, but its prevalence is unknown. Since it pre-
sents frequently in the perioperative period, the diagnosis
should be considered in cases of severe cyanosis non-res-
ponsive to oxygen administration, after ruling out cardiopul-
monary dysfunction. Artifacts and uncertainties related with
pulse oximetry and conventional arterial blood gas determi-
nation can both suggest the diagnosis and hinder institu-
tion and follow-up of the treatment. Only with the knowledge
of those particularities it is possible to institute adequate
conducts.

VOCABULARY

CaO, — arterial oxygen content

CB5R — cytochrome B5-reductase

COHb — carboxyhemoglobin

DO, - oxygen delivery

dysHb - dyshemoglobin

Fe?* - ferrous ion

Fe3* - ferric ion

fMetHb — fraction of methemoglobin

fO2Hb — fraction of oxyhemoglobin or fractional hemoglobin
saturation

O2Hb - oxyhemoglobin

G6PD - glucose-6-fosfate dehydrogenase

Hb - hemoglobin

HbA — adult hemoglobin

HbF — fetal hemoglobin

HbM — hemoglobin M

HHb — reduced hemoglobin

MetHb - methemoglobin

MetHba - methemoglobinemia

NADH-MR - NADH-methemoglobin reductase
PaO, —partial arterial oxygen pressure

SHb - sulfhemoglobin

Sa0, — functional saturation of arterial hemoglobin
SpO, — hemoglobin saturation obtained by pulse oximetry
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RESUMEN
Nascimento TS, Pereira ROL, Mello HLD, Costa J — Metahemo-
globinemia: del Diagnéstico al Tratamiento.

JUSTIFICATIVAS Y OBJETIVOS: La metahemoglobina es la forma
oxidada de la hemoglobina, que, ademas de no vincularse con el
oxigeno, aumenta su afinidad por la porcion parcialmente oxidada
de la hemoglobina. La concentracion aumentada de la metahemo-
globina en la sangre, proviene de las alteraciones congénitas y de
la exposicion a agentes quimicos diversos, trayendo como resul-
tado, un cuadro con mditiples diagndsticos diferenciales, que si no
se trata, puede conllevar al deceso. Se hizo una revisién sobre el
asunto, dandole énfasis a las informaciones relevantes para el
manejo clinico de los pacientes.

CONTENIDO: Cuando la concentracién sanguinea de metahemo-
globina esta por encima de 1,5% surge la cianosis, caracteristica
principal de la enfermedad. Los pacientes presentan sangre arte-
rial de coloracién marron oscuro con la PaO, normal. El diagnds-
tico debe suponerse en pacientes que presenten cianosis y una
baja lectura de saturacion al oximetro de pulso (SpO,), sin que
exista un comprometimiento cardiopulmonar significativo. La co-
oximetria es el método estandar de oro y define el diagndstico. En
el tratamiento de los pacientes, deben ser considerados el caracter
agudo o crénico del sindrome (etiologia) y la gravedad de los sin-
tomas. La concentracion sanguinea de metahemoglobina es impor-
tante principalmente en los casos agudos. El tratamiento basico
consiste en la retirada del agente causador, administracion de
oxigeno y observacion. Casos graves deben ser tratados con azul
de metileno, antidoto especifico, sin embargo ineficaz en algunas
situaciones.

CONCLUSION: La Metahemoglobinemia es una condicién poten-
cialmente grave, cuyo diagndstico depende del alto grado de
sospecha. En general, los anestesidlogos, en el periodo periopera-
torio, son los primeiros que detectan el problema y deben liderar
el tratamiento.
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