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Hereditary Methemoglobinemia as a Cause of
Cyanosis during Anesthesia

RONALD A. GABEL, M.D.,* axp H. FRANKLIN BUNN, M.D.{

The clinician should look upon ecyanosis
as primarily a sign of reduction in the propor-
tion of hemoglobin saturated with oxyvgen.
It is generally accepted that mucous mem-
branes and skin begin to tum from pink
to blue when the concentration of deoxy-
hemoglobin in capillary blood exceeds 5 g/100
ml.! Only after exhaustive investigation has
failed to turn up a reason for hypoxemia
can the anesthesiologist safely devote atten-
tion to less common causes of cyanosis.
This process of diagnosis by exclusion is
exemplified by the following case report

REPORT OF A CASE

A4T-vear-old American-bom Chinese woman was
nnesthehzed with thiopental, nitrous oxide, and
d- ine for chol . The inspired
fraction of oxygen (F1o,) was 0.25 unhl the blood
appeared desaturated as the skin was incised.
Flo, was increased first to 0.50, then to 0.99,
and halothane, 0.25-0.5 per cent, was substituted
for nitrous oxide.

The flowmeters were visually double-checked,
the chest ausculted, the source of oxygen changed
from wall to cylinder, the patient’s body tempera-
ture taken, and a sample of inspired gas analyzed
for oxvgen. None of these measures suggested
an origin of the cyanosis. A sample of arterial
blood was then drawn and analyzed with con-
ventional electrodes, giving values of Pao. -H9
torr, Paco, 17 torr, pH 7.68, and base excess

({calculated) + 1.8 mEq/l. On an IL 182 CO-
Oximeter, oxygen saturation read 95.3 per cent,
hemoglobin 10.1 /100 ml. Hematocrit was 39
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per cent. Two further samples drawn at 30-min3
intervals, with Fio, 0.99, each showed a Pao.=
greater than 500 torr and oxygen saturation 90"'13
per cent. =5
Blood taken from an external jugular vein couldg_
not be visually distinguished from the arterial ®
samples. This, combined with the discrepancies
between \'nlues for Pao, and saturation, and be~3—
tween h 1 ion and it
led us to consider an abnormal hemoglnbm as
possible explanation for the cyanosis. Meanwhile, 5
cholecystectomy was unev entfullv completed.
A venous blood sample drawn intraoperatively
for methemoglobin analysis was inadvertently dis-
carded, but samples drawn 6 and 13 days post-g5
operatively showed 9 and 14 per cent methemo-o
globin, respectively, by the method of Evelyn<
and Malloy.2 NADH-methemoglobin reductase, as-
sayed accordmg to Hegesh, was totally absent from &
the patient’s blood? Deficiency of this enzyme®
was confirmed by treating the patient’s er\'thm--c
cytes with nitrite to oxidize hemoglobin, then &
mcubatmg the envthrocytes in the presence of glu-Q
cose and lactate s In contrast to normal, methemo-Q
globin in the patient’s blood was reduced very o
slowly. There was no M-hemoglobin by spectral 5
and electrophoretic analyses. L
Questioning of the patient disclosed pemnenth
medical hlsmr\ not given during sm’glcnl or pre-J
thetic ev: jon. Since childhood, she had had S
“spells” during which her skin tumed quite blue, S
sometimes for as long as a day or two. These &
episodes jonally were ied by dvsp—’\’

nea and once led to syncope. An attack at 25
vears of age mlght have been precipitated by nh
dose of a.spmn. Current medication lncludedo
i barbital (Nembutal) o

There was no known ¢ S
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family history of cyanosis.
Despite this hlstor\. the patient had been an,\,
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bat until 18 years of age when she had beenw
injured falling from a trapeze and required aa
cup arthroplasty of the right hip. Over the subse- o
quent 29 years, she had had several further surglcnl:
pmcedures on the hip, and at the time of thec
hroni in itated the use%
of crutches for ambulation. (Total hip replaoemento
is scheduled within the year.)

The patient was started on methylene blue, »
200 mg by mouth daily. Because ingestion of this ®
drug was associated with the development ofS
generalized urticaria, the patient is currently bemga
treated with ascorbic acid, 1 g/day.
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DiscussioN

Within the human erythrocyte, about 1
per cent of the hemoglobin has its iron
moiety in the ferric rather than the ferrous
state. This oxidized variant, called methemo-
globin, exists in equilibrium with “normal”
hemoglobin. The ervthrocyte has the en-
zymatic capability of reducing ferric to ferrous
heme. Most important is NADH-methemo-
globin reductase, deficiency of which leads
to hereditary methemoglobinemia, the con-
dition present in our patient. This genetic
disorder is autosomal recessive, the disease
manifested in homozygotes.

Another type of hereditary methemoglo-
binemia is caused by the presence of hemo-
globin M, codominant with hemoglobin A in
affected individuals. The M hemoglobins have
an amino-acid substitution on either the alpha
or beta chain at or near the attachment of
the heme group. Methemoglobin 31, formed
by normmal oxidative activities within the
erythrocyte, is not a suitable substrate for
enzymatic reduction. Therefore, most of this
abnormal hemoglobin remains oxidized. The
proportion of methemoglobin is related pri-
marily to the relative amounts of hemoglobin
M and hemoglobin A.

In addition to having a genetic cause,
methemoglobinemia can be an expression of
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There is no known effective therapy for M
methemoglobinemia.*

The presence of methemoglobin in thisi
case was suggested by gross appearance of 3
the patient’s blood and by incompatibility &
between values for Pao. and oxyhemoglobin 3
saturation and between the hematocrit and 3
hemoglobin. Deoxygenated hemoglobin, oxy- Z
hemoglobin, and carboxyhemoglobin each =
have a unique absorption spectrum, allowing 2
simultaneous determination of the amounts ¢
of all three in a sample. The absorbance g
of visible light by hemolyzed blood is meas- 3
ured in the CO-Oximeter at three wave-Q
lengths, and a set of simultaneous equations g
is solved by a calculating matrix to give:
1) the concentration of total hemoglobin; 5
2) the percentage of this which is oxygenated .
(oxygen saturation); 3) the percentage which &
is carboxyhemoglobin. Accuracy of this pro-
cedure assumes the absence of other pig-5
ments with substantial absorbance within &
the hemoglobin spectrum. Because methemo- o
globin absorbs light at all three wavelengths T
evaluated in the CO-Oximeter, methemo- S
globin interferes with accurate measurement &
of both oxygen saturation and hemoglobin
concentration.

At 548 nm, the wavelength at which total
hemoglobin is measured, absorbance by
lobin is lower than absorbance by
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chemical or drug toxicity. Nitrites, nitrat
nitrosobenzene, nitrobenzene, acetanilide,
and aniline dyes are a few of the more
common causative agents. The local anesthetic
agent, prilocaine, can induce formation of
methemoglobin.

Primary treatment for methemoglobinemia
is administration of methylene blue, which
activates a reserve NADPH-methemoglobin
reductase system in the presence of glucose.
In toxic methemoglobinemia, the initial intra-
venous dose is 1-2 mg/kg body weight, which
may be repeated. Hemodialysis to remove
the toxic agent or metabolite may be useful.
Hereditary methemoglobinemia is usually
treated only for cosmetic or psychological
purposes. A daily oral dose of methylene
blue, 200 mg, or ascorbic acid, 500-1,000
mg, will slowly reduce methemoglobin levels.

carboxy-, oxy-, or deoxygenated hemoglobin.
The result is an erroneously low reading
for concentration of total hemoglobin (in-
cluding methemoglobin). A correct reading
could be obtained by reducing the methemo-
globin with dithionite solution, rerunning the
sample in the CO-Oximeter, and correcting
for dilution by the reducing agent.®
Similarly, the presence of methemoglobin
interferes with spectrophotometric meas-
urement of oxyhemoglobin concentration.
Because this is at |
proportionally more than that of total hemo-
globin, the quotient (oxyhemoglobin concen-
tration/total hemoglobin concentration) cal-
culated by the CO-Oximeter to given oxygen
saturation is also erroneously low. Methemo-
globinemia of 10 per cent will lower the

020z Jequisidag g| uo jsanb Aq ypd'£Z000-0005026 L -2#S0000/S0¥62/9



518

measured oxygen saturation to about 95.5
per cent of that without methemoglobin
present.{

The authors thank Richard E. Wilson, M.D.,
and Hillary F. Don, M.D,, for their contributions
to the discussion which led to the clinical diagnosis
of methemoglobinemia in this patient, and Anhur
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Correspondence

Potencies of Fentanyl and Morphine

To the Editor:—Dr. Romagnoli’s observa-
tions about the relative potencies of morphine
and fentanyl during open-heart surgery (ANES-
THESIOLOGY 39:568, 1973) were read with
interest because similar data have been com-
piled here, too. We have established morphine
or fentanyl requirements in 70 patients of
either sex subjected to major noncardiac
surgery.

Our subjects were unpremedicated or
received the narcotic with scopolamine for
premedication. During operation they were
exposed only to the narcotic, 70 per cent
nitrous oxide, and essentially the same amount
of d-tubocurarine as the Houston series. All
were mechanically ventilated during opera-
tion, but postoperatively they breathed—with
very few exceptions—spontaneously. Arterial
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d (NADH-meth lobi reduts
tase) in erythrocytes. J Lab Clin Med 7’:
339-344, 1968

4. Jaffe ER, Heller P: Methemoglobinemia m
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the last narcotic increment during operation®
(1 mg morphine or .025 mg fentanyl) and the®
first postoperative request for pain relief.3
This level of arousal should roughly cor-3
respond to the level where the Honstono
patients would not tolerate their endot'mchealcf1
tubes any longer.
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In our patients we have established mean3

loading (Co) and maintenance requlrements""
separately. The mai ] "ingfo)
dose ratio (k) is the drug’s apparent first-S

order elimination rate constant. With its axd,m
using the law of first-order kinetics, onec
can calculate the amount of active drug;
retained in the body at T time (CT). Ex-

teeti

Pco,’s following morphine ged 45 torr

our data in units used in Dr.
’s report (75 kg weight, 120 mm-

n,
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60 minutes after arrival in the r 1y room.
The corresponding values after fentanyl have
not been recorded.

utes administration time), our findings a:e:
shown below:
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G 120 Min Total K T Cr 3

(mg x 75 kg™ (mg x 75 kg (hry) (b} (mgx ke

Fentanyl 228 350 266 197 61 S

Morphine 24.75 30.3 122 4.53 15.5 o
Morphine fentanyl 1085 866 2, 2.30 M5




