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EDITORIAL

How can anemia negatively influence gas
exchange?
Roberta Pulcheri Ramos1

Tissues obtain energy primarily from oxygen. Adequate
oxygen levels in the inhaled air and a preserved ventilation/
•
perfusion ratio (V/Q) are the major determinants of oxygen
supply to the blood. However, peripheral supply depends
on effective oxygen transport to the tissue mitochondria,
a critical task that is performed by hemoglobin. Without
hemoglobin, cardiac output would have to increase up to
20 times in order to meet resting metabolic demands,
and this would certainly be incompatible with life.(1)
Arterial oxyhemoglobin saturation (SaO2) represents the
percentage of occupied oxygen binding sites on hemoglobin.
In patients with chronic anemia, SaO2 is usually within the
reference range, as is the amount of oxygen dissolved in
the blood. However, the arterial oxygen content (which
essentially depends on oxygen saturation levels and
hemoglobin concentration) is reduced. This results in
inadequate tissue supply, particularly when oxygen demand
is increased, as occurs during exercise. Compensatory
mechanisms include a hyperkinetic cardiovascular response
and increased peripheral oxygen extraction.(2) A reduction
in mixed venous oxygen tension might contribute to arterial
oxyhemoglobin desaturation during exercise, especially in
patients with chronic cardiopulmonary disease.
In addition to the aforementioned mechanisms, the
hemoglobin dissociation curve plays an important role in
changes in gas exchange. Patients with sickle cell disease
are of note in this context; it has been demonstrated that
the hemoglobin dissociation curve shifts to the right in
such patients.(3,4) Although this constitutes a “protective”
mechanism—given that it promotes the release of oxygen
to the tissues—it can contribute to decreasing arterial
A

oxyhemoglobin levels in such patients, particularly
during exercise, because hemoglobin S has low affinity
for oxygen. In addition, the negative impact that lung
parenchymal changes secondary to vaso-occlusive crises
have on pulmonary gas exchange, particularly in adults
with sickle cell disease, cannot be ignored.(5,6) However,
to date, few studies have examined lung function
abnormalities in the early stages of the disease.
In the previous issue of the JBP, Vieira et al.(7) evaluated
children and adolescents with sickle cell disease using
spirometry and the six-minute walk test. It is of note that
changes in gas exchange during exercise were common
in the study sample: 52% had a significant decrease in
SaO2 as assessed by pulse oximetry (SpO2) at the end
of the six-minute walk test. This finding was common
even in those with normal spirometry results.
In patients with sickle cell disease, the possibility of
impairment in the pulmonary circulation is also of note. In
a recent study conducted in Brazil, it was demonstrated
that pulmonary hypertension (PH) is a major complication
of sickle cell disease.(8) It was also demonstrated that
patients with PH (including those with postcapillary PH)
have reduced exercise tolerance, despite having preserved
or even increased cardiac output. In the study conducted
by Vieira et al.,(7) the lack of echocardiographic evaluation
constitutes a limitation that precludes the identification
of other factors associated with desaturation. In patients
with high-output PH, increased pulmonary flow can lead
to diffusion/perfusion mismatch enhanced by a rightward
shift of the hemoglobin dissociation curve and associated
•
V /Q mismatch (Figure 1).
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Figure 1. In A, factors potentially associated with desaturation in patients with sickle cell disease. In such patients, pulmonary
hypertension generally presents as a hemodynamic state characterized by low pulmonary vascular resistance and high
cardiac output, and is unlikely to contribute to decreasing PvO2. In B, graphical representation of the dissociation curves of
•

hemoglobin (Hb) A and HbS. The rightward shift reflects reduced oxygen affinity. PvO2: mixed venous oxygen tension; V /Q:
ventilation/perfusion; ODC: oxyhemoglobin dissociation curve; COHb: carboxyhemoglobin; and MetHb: methemoglobin.
1. Disciplina de Pneumologia, Universidade Federal de São Paulo, São Paulo (SP) Brasil.
© 2017 Sociedade Brasileira de Pneumologia e Tisiologia

ISSN 1806-3713

1

How can anemia negatively influence gas exchange?

In addition to the lack of echocardiographic evaluation,
the aforementioned study has limitations such as the
lack of lung volume measurements, DLCO measurement,
and arterial blood gas analysis. However, the study is
important because it shows the characteristics of sickle
cell disease in a sample of patients in Brazil. It is of
note that some of the results were inconsistent with

the literature, the proportion of patients in whom SpO2
decreased during exercise being higher than those
reported in previous studies.(9,10) According to the authors,
patients with sickle cell disease should be evaluated for
lung function from childhood onward. Prospective cohort
studies involving sickle cell disease patients are needed
in order to identify possible prognostic implications.
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