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CASE REPORT

Cyanosis, hemolysis, decreased HbA1c and abnormal co-oximetry in a patient
with hemoglobin M Saskatoon [HBB:c.190C > T p.His64Tyr]
Eva-Leonne Göttgens a, Kristian Baksb, Cornelis L. Harteveldc, Kristel Goossensb and
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aResult Laboratory for Clinical Chemistry and Hematology, Amphia Hospital, Breda, The Netherlands; bDepartment of Internal Medicine,
Amphia Hospital, Breda, The Netherlands; cDepartment of Clinical Genetics, Leiden University Medical Center, Leiden, The Netherlands

ABSTRACT
We describe a first Dutch case of Hb M Saskatoon (HBB:c.190C > T p.His64Tyr) in a 47-year-old
female Dutch patient who presented with cyanosis, hemolysis, and abnormal co-oximetry. A
mean corpuscular volume (MCV) of 105 fL caused by reticulocytosis (160 × 109/L) and low
red blood cell count (3.6 × 1012/L) suggested an increased erythrocyte turnover. An HPLC
glyco-globin analysis revealed a decreased HbA1c fraction of 12.3 mmol/mmol, HbA0 of
93.3% and an additional unidentified fraction at 1.2 min. DNA sequencing revealed a
missense mutation in the HBB gene, (HBB:c.190C > T p.His64Tyr), known as Hb M Saskatoon,
a variant which has been previously identified as an unstable hemoglobin variant leading to
methemoglobinemia and anemia. In this report, we describe the clinical and remarkable
laboratory aspects of our patient with Hb M Saskatoon, and the consequences for treatment
and drug use.
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Introduction

Human hemoglobin A (HbA) is a tetrameric protein
consisting of two α-globins and two β-globins with
noncovalently bound heme groups. Hemoglobinopa-
thies are a group of genetic disorders resulting in
quantitative or qualitative changes, leading to thalas-
semias or Hb-variants, respectively. Variants of the
hemoglobin molecule may lead for example to
altered functionality such as altered oxygen affinity,
decreased stability, leading to thalassemia or chronic
hemolysis in the case of hyper unstable Hb variants
or methemoglobinemia. In case of the latter, the
hemoglobin molecule is unable to bind oxygen due
to the oxidized state of the iron ion in the heme mol-
ecule [1,2].

Clinical presentation and laboratory results

A 46-year-old Caucasian female patient with a medical
history of psoriatic arthritis and irritable-bowel syn-
drome presented at the department of internal medi-
cine of our hospital with a 3-month history of a
debilitating fatigue and slowly progressive dyspnea
on exertion. Vital signs were unremarkable although
at home she had measured a saturation of 60% SpO2
on her pulse-oximeter. Physical examination revealed
a distinct peripheral and central cyanosis which has
been a pre-existent condition since her childhood
(Figure 1). She indicated that her father had

experienced similar symptoms throughout his life. He
had told her that he had been diagnosed with a hemo-
globinopathy, but no medical information was avail-
able. Results of the laboratory analysis are
summarized in Table 1. The analysis indicatedmacrocy-
tosis, increased erythrocyte turnover and decreased
HbA1c of 12.3 mmol/mol with a normal fraction of
HbA0 (93.3%). A microscopic analysis of the red blood
cell morphology showed no aberrations. The hemo-
globin separation using a Tosoh HLC-723 G8 Glycohe-
moglobin Analyzer (Tosoh Bioscience, Inc., South
San Francisco, CA) demonstrated an unidentified Hb
fraction with an approximate retention time 1.15 min
(Figure 2, red arrow) that could be attributed to an
unstable Hb variant. Sanger sequencing for HBA1,
HBA2, and HBB was performed using the Big Dye Ter-
minator kit v3.1 cycle sequencing (Applied Biosystems
Inc., Foster City, CA, USA) and analysis was done on
the ABI3730 according to the manufacturer’s instruc-
tions. The primers and conditions for amplification
and sequencing of the HBA1, HBA2 and HBB gene
were as described previously [3]. The sequence analysis
revealed heterozygosity for a variant in the HBB gene:
HBB: c.190C > T, p.His64Tyr. In this variant, the histidine
residue 64 of the beta-globin chain distal to the por-
phyrin cofactor has been substituted by a tyrosine, pre-
viously annotated as Hb M Saskatoon [4]. This Hb
variant has previously been described as biochemically
unstable and prone to disintegration into dimers. In
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other case reports, a similar small peak in the chromato-
gram has been observed and assigned tomethemoglo-
bin [5,6].

The genetic variant of Hb M Saskatoon was first
reported in 1950 by Baltzan et al. and was found in a
Canadian patient living in Saskatoon [4]. Over
decades, patients were identified with similar clinical
symptoms and abnormal hemoglobin variants. As
sequencing was not yet available for most of the last
century, a number of hemoglobin variants were
named after the geographical area or place of resi-
dence of the patient the variant was discovered in,
but later turned out to be identical to Hb M Saskatoon.
A summary of Hb M Saskatoon cases is shown in
Table 2.

Hb M Saskatoon is a pathogenic variant leading to
methemoglobinemia. Under physiological circum-
stances, a Fe2+ ion is embedded in a porphyrin cova-
lently bound to the α- and β-globin chains of the
hemoglobin protein, where it is able to bind to an
oxygen molecule. Structural changes in the Hb M var-
iants have the effect of stabilizing the heme iron atoms
in the ferric (Fe3+) state, which makes the heme

incapable of binding oxygen. In Hb M Saskatoon the
mutation of histidine by a tyrosine residue compro-
mises the hydrophobicity of the heme pocket and
allows oxidation of the Fe2+ to the ferric (Fe3+) state,
causing methemoglobinemia.

Due to the cyanotic appearance and indication of
low oxygen saturation by a portable finger pulse-oxi-
meter (Beurer), methemoglobin analysis was per-
formed. The blood gas analyser (Siemens
Rapidpoint500) indicated abnormal spectral absor-
bance and issued a warning for methemoglobin.
Quantitation of methemoglobin could not be per-
formed. Co-oximetry analysis was also performed
using a second blood gas analyser (Radiometer
ABL90 Flex Plus). This instrument also could not
detect oxygen saturation or methemoglobin values,
because of interference attributed to the presence of
unstable methemoglobinemia. In a previous case of a
patient carrying the Hb M Hyde Park variant, in
which the histidine residue at position 92 of the β-
globin chain has been substituted by a tyrosine
residue, which is at the opposite (proximal) side of
the porphyrin ring compared to the Hb M Saskatoon,
methemoglobin also could not be detected [23]. This
observation indicates that unstable Hb M variants
interfere with absorption spectra of stable variants in
blood gas co-oxymetry, disabling the measurements
of the of stable hemoglobins, like oxyHb (OHb),
deoxyHb (HHb), carboxy Hb (COHb) and stable methe-
moglobin (metHb) [24].

Methemoglobinemia

Methemoglobinemia may arise as a result of genetic
or acquired causes. Acquired methemoglobinemia is
most prevalent and commonly caused by oxidative
stress, which can have exogenous or endogenous
origins. Endogenous forms of oxidative stress
include but are not limited to free radicals such as

Figure 1. Patient presentation. Noticeable are the cyanotic features in her extremities as well as distinct cyanotic discoloration of
her lips.

Table 1. Clinical chemistry and hematological parameters of
the patient.
Laboratory test Outcome Reference interval

Hb (g/dL) 12.3 12.1–16.1
Ht (L/L) 0.37 0.35–0.45
MCV (fL) 105 80–100
Erythrocytes (1012/L) 3.6 4.0–5.0
Reticulocytes (109/L) 160 30–110
HbA1c (mmol/mol) 12.3 20.0–42.0
LD (U/L) 155 <245
Total bilirubin (µmol/L) 12 <21
Folic acid (nmol/L) 10 9–61
Vitamin B12 (pmol/L) 226 145–569
Plasma iron (µmol/L) 14 9–30
Transferrin (µmol/L) 28.7 25.0–45.0
Transferrin saturation (%) 24 0–45
Ferritin (µg/L) 27 10–250
eGFR (CKD-EPI) (mL/min/1.73m2) 84 60–200

Notes: Hb, hemoglobin; Ht, hematocrit; MCV, mean corpuscular volume;
LD, lactate dehydrogenase.
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nitric oxide, hydrogen peroxide and hydroxyl radicals.
Exogenous substances may also trigger the oxidation
of hemoglobin and this occurs most often as a result
of medication. Dapsone, topical anesthetics (benzo-
caine, lidocaine), anti-malarial agents (chloroquine,
hydroxychloroquine) and street drugs account for
the majority of iatrogenic methemoglobinemia
[25,26]. In addition to the formation of methemoglo-
bin in healthy patients, these drugs may seriously
exacerbate the condition of patients who are prone

to methemoglobinemia due to genetic mutations
causing hemoglobinopathies. Genetic defects that
result in methemoglobinemia are commonly found
in the CYB5R3 gene, which encodes the cytochrome
b5 reductase enzyme. This enzyme is responsible
for the reduction of the Fe3+ ion in methemoglobin
to Fe2+. Mutations in this gene can both affect the
enzymatic stability as well as its catalytic activity
[27,28]. Most other genetic defects giving rise to
(unstable) methemoglobinemia are hemoglobinopa-
thies that result in the formation of HbM variants
due to the defects in the alpha, beta, or gamma
globins [29].

Precautions and treatment options

Methemoglobinemia can potentially be life-threaten-
ing, but only patients with methemoglobin levels
>30% or >20% accompanied with symptoms require
treatment. Treatment at lower levels should be con-
sidered in patients presenting with concomitant
anemia or with a known cardiorespiratory medical
history [30]. The therapy depends largely on the
cause of methemoglobinemia. In acquired methemo-
globinemia, besides cessation of the causative agent
and supportive therapy, methylene blue (MB) is pre-
ferred as treatment and previous reports have shown
a rapid effect when administered in subsequent
doses of 1–2 mg/kg intravenously up to a maximum
of 7 mg/kg over 24 hours. However, MB should be
administered with caution, since its effect is depen-
dent on glucose-6-phophate dehydrogenase (G6PD)
and NADH-MetHb-reductase. G6PD delivers nicotina-
mide adenine dinucleotide phosphate (NADPH)
needed to convert MB to the metabolic product leuko-
methylene blue, which acts as a reducing agent to
convert methemoglobin to hemoglobin. Therefore,

Figure 2. Chromatogram of the patient’s sample analyzed with a Tosoh HLC-723 G8 analyser using the standard HbA1c mode.
HbA1c, in red, measured at 3.3% in this mode (12.3 mmol/mol) at 0.6 min. An additional unidentifiable peak is shown at approxi-
mately 1.15 min (arrow), indicating the presence of abnormal unstable Hb M Saskatoon.

Table 2. Overview of case reports of patients presenting with
HbM Saskatoon.

Report Name
Country of
origin References

Baltzan et al.
(1950)

Hb M Saskatoon
(original
publication)

Canada [4]

Shibata et al.
(1962)

Hb M Kurume Japan [7]

Pik et al. (1964) Hb M Saskatoon United
Kingdom

[8]

Betke et al. (1966) Hb M Hamburg Germany [9]
Hayashi et al.
(1966)

Hb M Saskatoon Japan [10]

Efremov et al.
(1974)

Hb M Saskatoon Yugoslavia [11]

Kohne et al. (1975) Hb M Erlangen Germany [12]
Molchanova et al.
(1980)

Hb M Saskatoon Russia [13]

Arbane-Dahmane
et al. (1985)

Hb M Saskatoon Algeria [14]

Kazanets et al.
(1990)

Hb M Saskatoon Russia [15]

Waye et al. (1994) Hb M Saskatoon Canada [16]
Suryantoro et al.
(1995)

Hb M Saskatoon Indonesia [17]

Kedar et al. (2005) Hb M Ratnagiri India [18]
Hütten et al. (2009) Hb M Saskatoon Germany [19]
Brunner-Agten
et al. (2010)

Hb M Saskatoon Switzerland [20]

Akar et al. (2012) Hb M Saskatoon Iraq [21]
Gupta et al. (2019) Hb M Saskatoon India [22]
García-Morin et al.
(2019)

Hb M-Saskatoon Spain [6]

Notes: The alternative name for the Hb variant is presented in the second
column.
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MB is contraindicated in patients with G6PD deficiency
or proven NADH-MetHb-reductase deficiency.

Alternatively, ascorbic acid acts as an antioxidant
and has also shown to be effective in decreasing the
level of methemoglobin. Ascorbic acid appears to act
slower than MB taking up to 1–3 days as it often
requires repetitive dosing of 2–40 g administered
intravenously [31]. Therefore, MB is usually preferred
over ascorbic acid in acute methemoglobinemia
although no randomized controlled trials have been
performed to compare both treatments.

In the case of severe refractory methemoglobine-
mia, treatment with exchange transfusions and hyper-
baric oxygen has shown improvement. However, little
evidence exists concerning these two modalities which
therefore remain a last resort in severe and refractory
methemoglobinemia [32,33].

In Hb M disease, treatment with both MB and
ascorbic acid is ineffective because the ferric state in
Hb M is stabilized. The Hb M structural variants are
unstable or characterized by decreased oxygen
affinities rather than other causes of methemoglobine-
mia, such as oxidative stress or enzymatic deficiency
(CYB5R3). Treatment with MB would be undesirable,
because as an oxidating agent, MB itself poses a risk
of hemolytic anemia and could exacerbate methemo-
globinemia. Exposure to any oxidizing agent should
be avoided since these patients exhibit an increased
risk of progression to symptomatic methemoglobine-
mia. Since there are no effective treatment options
for patients with Hb M disease, counseling should
focus on reassuring the patient about their benign
condition and offering genetic testing to first-degree
relatives.

The patient in our case was prescribed oral folic
acid 0.5 mg and vitamin B-12 1000 µg daily. Two
months later, our patient reported increased fitness.
Vitamin B12 and folic acid levels were measured 6
months after the start of oral supplements and
measured at 83 nmol/L folic acid and 500 pmol/L
vitamin B12. We hypothesize that an increased eryth-
rocyte turnover in this patient with Hb M disease in
combination with a relatively low level of serum
folate and vitamin B-12 may have triggered a symp-
tomatic anemia with a relative increase of dysfunc-
tional Hb M.
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