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A pulse oximeter is an easy, painless and non-invasive device to measure blood oxygen saturation (SpO
2
). Usually,

SpO
2
 is comparable to oxygen saturation by arterial blood gas (SaO

2
). We report a case of term infant presented with

respiratory distress and low oxygen saturation measuring with a pulse oximeter. Respiratory disease and congenital heart
disease were excluded. Discordance of oxygen saturation was presented. His blood was obtained to check methemoglobin
level and hemoglobin (Hb) variants. Hb Lansing was detected. In addition to report the first neonate with Hb Lansing in
Thailand, we draw attention to the condition as a cause of spurious low oxygen saturation. The discrepancy of oxygen
saturation between pulse oximetry and arterial blood gas necessitates investigations for hemoglobinopathies.
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A pulse oximeter is a simple instrument to
estimate a patient’s arterial oxygen saturation used
worldwide(1). Some patients may be detected with
spurious decreased oxygen saturation by pulse
oximetry (SpO

2
), whereas their investigations reveal

test normal with oxygen saturation by arterial blood
gas (SaO

2
). Therefore, variants of hemoglobin should

be suspected, rather than cardiac and pulmonary
causes. Here, we demonstrated the first neonatal case
of hemoglobin (Hb) Lansing in Thailand presented with
discordance of oxygen saturation.

A term infant presented with respiratory
distress and low oxygen saturation which did not
response to oxygen therapy. He was born at 38 weeks’
gestation by elective cesarean section with Apgar
scores of 9 and 10 at 1 and 5 minutes, respectively. His
mother was a 32 years old, previously healthy woman.
Her pregnancy was unremarkable. Her prenatal
investigations showed hematocrit of 35%, mean
corpuscular volume (MCV) 83 femtolitre (fL) and all
serology tests were negative.

At 4 hours of age, he developed tachypnea
with oxygen desaturation and was transferred to the

neonatal intensive care unit. His physical examination
showed an increased respiratory rate of 96 times per
minute, rapid shallow breathing pattern with normal
and equal breath sound. His oxygen saturation by
pulse oximetry was 84% in room air and slightly
increased to 90% after an oxygen hood was given.
He did not show any different in blood pressure and
SpO

2
 in all extremities. Other examinations were

unremarkable. Initial investigations revealed a capillary
blood glucose of 71 mg/dL, a white blood cell count of
6.5x103 μL, with 69% neutrophils, 17% lymphocytes and
12% monocytes, a hemoglobin level of 16 g/dl, and
platelets at 269x103 μL. His chest x-ray (Fig. 1) and
electrocardiography showed normal. To investigate for
congenital heart disease, an echocardiography was
done and showed a 5 mm of patent ductus arteriosus,
patent foramen ovale with bidirectional flow and
tricuspid regurgitation peak gradient of 30 mmHg. The
echocardiography result was unremarkable. After
this, he was given a heated humidified high flow
nasal cannula (HHHFNC) at 5 liters per minute with a
fraction of inspired oxygen (FiO

2
) of 1.0 to support his

respiration. Arterial blood gas (ABG) was obtained and
the result showed partial pressure of oxygen (PaO

2
) of

389.5 mmol/L with SaO
2
 100%, despite his SpO

2
 being

90% at the same time. An ABG was repeated when
he was on room air with low SpO

2 
90%, but it showed

normal PaO
2
 at 85.1 mmol/L and SaO

2
 97%. He had
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methemoglobin level of 0.5% (normal 0.5 to 1.5%).
Hemoglobin variants might cause a difference between
SaO

2
 and SpO

2
. We reviewed his peripheral blood

smear and found abnormal red blood cell morphology
(Fig. 2). Further studies were performed to detect
variants of hemoglobin. Capillary electrophoresis
found Hb A 14.7%, Hb F 69.1%, Hb A2 0.3% and
Hb Bart’s 15.9%. This Hb profile showed the presence
of Hb Bart’s, suggesting Hb H disease. Alpha-globin
genotyping by a single-tube multiplex gap polymerase

chain reaction (Gap-PCR) for detecting common alpha-
globin deletions (--SEA, --THAI, -α3.7, -α4.2) and a single-
tube multiplex amplification refractory mutation system
(ARMS-PCR) for screening common alpha-globin
mutations (Hb Constant Spring, Hb Pakse) revealed
heterozygous SEA deletion. Hb Lansing (HBA1:
c.264C>G; codon 87 His >Gln, CAC>CAG) was detected
by PCR-restriction fragment length polymorphism
(RFLP)-based analysis. In brief, alpha-1 globin gene
was amplified, then the PCR product was digested with
PstI restriction enzyme (Fig. 3). The globin genotyping
was compatible with Hb H/Hb Lansing; compound
heterozygous mutation of SEA deletion and codon 87
C>G mutation (--SEA/ααCD87).

His respiratory rate decreased to normal after
he was given HHHFNC for 3 days. During admission,
he has pulse oxygen saturation of 88 to 94%. He was
discharged to home when he was 6 days old. It should
be noted that apparent spontaneous resolution of the
respiratory distress would be consistent with postnatal
delayed adaptation.

Discussion
Cardiac and respiratory diseases are the most

common causes of low SpO
2
 measurement in the

neonatal period. In less common incidences, Hb
variants may give falsely low SpO

2
 result with normal

SaO
2
, or concordantly low SpO

2
 and SaO

2
. These are

caused by the different absorption spectral properties
at 660 and 940 nm of abnormal Hb with the lack of

Fig. 1 Chest x-ray showed normal.

Fig. 2 His red blood cell morphology showed
hypochromia 2+, microcytic 2+ with anisocytosis
1+, poikilocytosis 2+ including target cells,
schistocytes and spherocytes.

Fig. 3 Polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) was positive
for hemoglobin Lansing mutation.
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hypoxemia or by variations of oxygen affinity(2,3). Our
case presented with spurious decreased SpO

2
. There

have been several case reports of Hb variants caused
discordance between SpO

2
 and SaO

2
, including alpha-

and beta-globin gene mutations(3). This case suggested
alpha-globin gene variant by Hb electrophoresis, which
was confirmed as Hb Lansing (HBA1:c.264C>G) by
specific PCR-RFLP. In our literature review, there were
some reported cases of Hb variants due to alpha-globin
mutations, presented with low SpO

2
 and discordant

SaO
2
, including Hb Lansing(4-7), Hb Titusville(8), Hb

Bonn(9), Hb M Iwate(10,11), and Hb M Boston(10). Hb
Lansing was first reported with heterozygous mutation
of the alpha-2 gene (HBA2:c.264C>G) in an
asymptomatic Hispanic man with falsely low SpO

2
 and

normal hematologic parameters by Sarikonda et al(4).
Later, Ishitsuka et al(5) described a heterozygous case
of Hb Lansing (HBA2:c.264C>G) in a Japanese woman
detected by falsely low oxygen saturation on pulse
oximetry. Then, Akar et al(6) reported heterozygosity of
Hb Lansing in a asymptomatic Turkish woman resulting
from another nucleotide substitution at codon 87 of
the alpha-2 gene (HBA2:c.264C>A). Recently, Hassen
et al(7) had been reported a succumbed Omani newborn
with presumptive homozygous Hb Lansing (HBA2:
c.264C>G). In our case, a missense mutation was found
at codon 87 of the alpha-1 gene. As Hb Lansing was
reported previously, we named this as a new variant
Hb Lansing of alpha-1 globin gene. The index case had
abnormal red cell morphology due to compound
heterozygosity of SEA deletion and Hb Lansing.
Regarding Hb H/Hb Lansing, long term follow-up of
clinical course and prognosis is necessary in this
newborn patient.

Conclusion
Our case demonstrates limitations of pulse

oximetry to measure oxygen saturation and evaluation
of low SpO

2
 in neonate. The discrepancy of oxygen

saturation between pulse oxymetry and arterial blood
gas necessitates investigations for hemoglobino
pathies, especially in endemic areas.

What is already know on this topic?
Most of the Infants who have respiratory

disease, present with respiratory distress with low SpO
2

measurements. After oxygen therapy, arterial blood gas
should be obtained to evaluate how they response to
the treatment. If there is discordant of oxygen saturation
between pulse oximetry and arterial blood gas, variants
of hemoglobin should be considered.

What this study adds?
In addition to investigate congenital

methemoglobinemia, infants who have discordant of
oxygen saturation between pulse oximetry and arterial
blood gas, molecular genetic testing for hemoglobino
pathies should be explored.

Acknowledgements
The authors wish to thank all staff members

of Thammasat University Hospital who cared for the
patient. The patient and his family are highly appreciated
for their contribution.

Potential conflicts of interest
None.

References
1. Barker SJ, Tremper KK. Pulse oximetry: applications

and limitations. Int Anesthesiol Clin 1987; 25: 155-
75.

2. Hladik A, Lynshue K. Dyshemoglobinemias and
pulse oximetry: a therapeutic challenge. J Pediatr
Hematol Oncol 2008; 30: 850-2.

3. Verhovsek M, Henderson MP, Cox G, Luo HY,
Steinberg MH, Chui DH. Unexpectedly low pulse
oximetry measurements associated with variant
hemoglobins: a systematic review. Am J Hematol
2010; 85: 882-5.

4. Sarikonda KV, Ribeiro RS, Herrick JL, Hoyer JD.
Hemoglobin lansing: a novel hemoglobin variant
causing falsely decreased oxygen saturation by
pulse oximetry. Am J Hematol 2009; 84: 541.

5. Ishitsuka K, Uchino J, Kato J, Ikuta M, Watanabe
K, Matsunaga A, et al. First reported case of
hemoglobin lansing in Asia detected by false low
oxygen saturation on pulse oximetry. Int J Hematol
2012; 95: 731-2.

6. Akar N, Torun D, Ozturk A. Hemoglobin Lansing
(Alpha) [HBA2 CD87 (HIS>GLU) (C>A)] in a
Turkish individual resulting from another
nucleotide substitution. Turk J Haematol 2014; 31:
317-8.

7. Hassan SM, Harteveld CL, Bakker E, Giordano PC.
Hb Lansing (HBA2: c.264C > G) and a new beta
promoter transversion [-52 (G > T)]: an attempt to
define the phenotype of two mutations found in
the Omani population. Hemoglobin 2015; 39: 111-
4.

8. Schneider RG, Atkins RJ, Hosty TS, Tomlin G,
Casey R, Lehmann H, et al. Haemoglobin Titusville:
alpha 94 Asp replaced by Asn. A new haemoglobin



J Med Assoc Thai Vol. 100 Suppl. 5  2017                                                                                                                S77

with a lowered affinity for oxygen. Biochim
Biophys Acta 1975; 400: 365-73.

9. Zur B, Hornung A, Breuer J, Doll U, Bernhardt C,
Ludwig M, et al. A novel hemoglobin, Bonn,
causes falsely decreased oxygen saturation
measurements in pulse oximetry. Clin Chem 2008;
54: 594-6.

10. Nishikura K, Sugita Y, Nagai M, Yoneyama Y.

Ethylisocyanide equilibria of hemoglobins M
Iwate, M Boston, M Hyde Park, M Saskatoon, and
M Milwaukee-I in half-ferric and fully reduced
states. J Biol Chem 1975; 250: 6679-85.

11. Mayne EE, Elder GE, Lappin TR, Ferguson LA.
Hb M Iwate [alpha (2)87His——Tyr beta 2]: de
novo mutation in an Irish family. Hemoglobin 1986;
10: 205-8.

  ⌦⌫⌫


  ⌫       

  
⌫  ⌫
⌫  ⌦⌫⌦⌫⌫⌫
 ⌦⌫ 
⌫⌫ ⌦
 ⌫       ⌫
⌫⌫    
⌫  ⌫⌫
⌫


