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Peripheral pulse oximetry (SpO,) is probably the greatest
technological ~advance for continuous monitoring since
electrocardiography. It has almost become a mandatory clinical tool [1],
despite it never having been subjected to a clinical outcome validation
[2,3]. Pulse oximetry is widely used for monitoring oxygenation with
empirical alarm limits to avoid hypoxia. Nevertheless, its measurement
has many important limitations: SpO, is effective only in measuring
the degree of haemoglobin saturation at a short point in time; does not
reliably predict changes in oxygen saturation (Sa0,); is not reflective
of oxygen supply to tissues; and has not been demonstrated to
influence perioperative outcome [4]. This paper is to reiterate the well-
known fact that low SpO, does not necessarily mean tissue hypoxia,
maintaining SpO, above 92% is not necessarily protective of hypoxia
[5] and empirically imposing SpO, ‘limits’ to minimise errors [6] may
become an hindrance to medical evolution if used as a heuristic for
clinical decision making [7].

The terms hypoxia and hypoxemia are not interchangeable.
Hypoxemia is arterial oxygen tension (PaO,) below normal values.
Hypoxia is the failure of oxygenation at the tissue level triggering
anaerobic metabolism.(SpO, closely associates with the former but not
necessarily with the latter: Hypoxia may not be present in patients with
hypoxemia if the patient compensates for a low PaO, by increasing
oxygen delivery. This is typically achieved by increasing cardiac output
or decreasing tissue oxygen consumption. Conversely, patients who are
not hypoxemic may be hypoxic if oxygen delivery to tissues is impaired
or if tissues are unable to use oxygen effectively. Pulse oximetry is
frequently used to substitute for arterial blood gas monitoring as a
non-invasive surrogate marker of PaO, for a SpO, between 80% and
97% [8]. A rise in SpO, from 88% to 92% increases the oxygen content
in blood by approximately 4%. In contrast, raising haemoglobin
concentration from 8 to 12 g/l alone increases the oxygen carrying
capacity by one third. If the cardiac output is doubled in this situation,
the oxygen delivery to tissues can be increased by well over 60% without
any change in SpO,. Nevertheless, hypoxemia (low Pa0,) is the most
common cause of tissue hypoxia [9], hence the need to support acute
reductions in SpO, with oxygen therapy until the cause in resolved.

Despite the poor association between tissue hypoxia and SpO,,
patients with chronic lung disease are strongly advised to use oxygen if
their SpO, drops below 88% during exercise. Yet athletes are subjected
to high intensity and high volume training to promote enhanced
performance without additional oxygen [10]. In this context, prompting
patients with chronic lung disease to use oxygen if their SpO, fall below
88% during exercise is unfair, especially in the absence of credible
evidence to claim that SpO, less than 88% during exercise is damaging.
Although submaximal oxygen saturation during exercise has not led
to any untoward cardiac events in lung disease [11], empirical use of
oxygen may prevent the triggering of natural mechanisms for tolerance
or recovery. This kind of patient advice based on ‘logical’ thinking in
the absence of sufficient evidence could therefore bring needless harm
whilst adding unnecessary expense to health care services.

Indeed the evidence for the harmful effects of oxygen is becoming
more widely recognised. One example is the withdrawal of oxygen
use for neonatal resuscitation, where decades ago, use of oxygen
was the norm [12]. This practice is now considered harmful [13,14].
Similarly, evidence against the use of oxygen in adult CPR is emerging
[15]. On the contrary, it should be noted that long term use of oxygen
for symptomatic relief has benefited selected patients with hepato-
pulmonary syndrome, a situation of hypoxemia in chronic liver
disease resulting from pulmonary vascular dilation characterised by
anatomical shunting [16].

There are a number of changes in the heart and pulmonary
circulation occurring in humans living permanently at high altitudes
i.e., in low oxygen tension environments. These adaptations are not
quite comparable to that of temporary residents at high altitudes,
nor those experimentally exposed to acute hypoxia [17-20]. Thus, the
natural adaptation to one’s surrounding should be another caveat in
the decision-making process behind providing oxygen therapy [21,22].

During exercise, high cardiac output may compensate and deliver
adequate oxygen to tissues despite lower recordings of SpO,. Hypoxia
ensues when aerobic metabolism in tissues turn to anaerobic for energy
production. In ‘resting’ states (including anaesthesia and hypothermia),
energy requirements are reduced and low SpO, may be tolerated
longer. Low SpO, is not a reflection of tissue hypoxia. Indeed a patient
with high haemoglobin (15 g/I) with low SpO, (90%) and central
cyanosis may not be hypoxic [23]. Therefore, we need to distinguish
the low SpO, resulting from hypoxic-hypoxia situations (low FiO,,
airway obstruction, hypoventilation) from that of low SpO, resulting
from venous admixture (reversed or extra cardiac arteriovenous
shunts, lung collapse including one lung anaesthesia). The former
needs urgent action, as(both arterial and venous blood are desaturated
with no capacity for compensation, whereas the latter needs careful
manipulation to minimise the shunt fraction to avoid tissue hypoxia.

Low SpO, from venous admixture is less likely to induce anaerobic
metabolism and hypoxia. For example, in cyanotic congenital heart
disease, there are children living without evidence of hypoxia with their
SpO, readings in the 80’s or sometimes 70’s. A similar situation of low
SpO, is seen in reversed shunt situations in anaesthesia [24]. During
venous admixture, a convenient way to increase mixed venous and

*Corresponding author: Chulananda Goonasekera, Consultant Anaesthetist,
Department of Anaesthetics, Kings College Hospital NHS Trust, Denmark Hill,
London, SE5 9RS, UK, Tel: +44 20 3299 9000; E-mail: chula.goonasekera@nhs.net

Received August 18, 2017; Accepted August 28, 2017; Published September 05, 2017

Citation: Goonasekera C, Peiris P, Oswald L, Sheikh A (2017) SpO,: How Low is
Too Low? J Med Physiol Ther 1: 105.

Copyright: © 2017 Goonasekera C, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

J Med Physiol Ther, an open access journal

Volume 1 « Issue 3 « 1000105


mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 


Citation: Goonasekera C, Peiris P, Oswald L, Sheikh A (2017) SpO,: How Low is Too Low? J Med Physiol Ther 1: 105.

Page 2 of 3

thereby arterial oxygenation is to raise cardiac output. Therefore, pulse
oximetry is not a diagnostic tool that defines definitive therapy: it is a
heuristic used to minimise human error.

During one lung anaesthesia, the SpO, improves when the blocked
lung collapses or when the patient is positioned with the ventilated lung
dependent (due to reduction in shunt fraction). Hypoxic Pulmonary
Vasoconstriction (HPV) is an essential physiological response that
minimizes this shunt [25], reducing V/Q mismatch by diverting
blood flow away from the under ventilated lung. The HPV response is
maximal at normal pulmonary vascular pressure and reduced at either
high or low pulmonary vascular pressure. One can only attain maximal
HPV when oxygen partial pressure in venous blood (PvO,) is normal,
a decreased response seen with either high or low PvO,. Therefore,
the use of inhalational anesthetic agents and other vasodilating drugs,
together with high or low Fraction of Inspired Oxygen (FiO,) will
diminish the HPV response, including in children [26].

Oxygenation during One Lung Ventilation (OLV) depends not
only on the magnitude of shunt fraction but also on the oxygenation
of the shunted blood [27]. Thus, factors leading to a decrease in the
oxygenation of the shunted (venous) blood (states of increased oxygen
extraction, low cardiac output, low hemoglobin levels) compromise
the ‘buffering’ capacity against tissue hypoxia. Under limited
circumstances, pursuing increases in cardiac output may benefit
arterial oxygenation during one-lung ventilation; for example SpO, less
than 90% may be tolerated poorly in anaemic patients with right to left
cardiac shunts [28]. Furthermore, low hemoglobin concentrations can
increase shunt fraction and decrease oxygenation [29,30]. Therefore,
increasing cardiac output and normalising haemoglobin concentration
remain the main clinical interventions that can enhance oxygen
delivery to tissues in this situation despite low SpO, readings. However,
this approach is not a panacea and does not obviate the necessity to
optimize dependent lung volume [31].

Therefore, in venous admixture situations, attention to cardiac
output, oxygen expenditure, venous saturation, and haemoglobin
levels are needed to improve tissue oxygenation [32].

In this era of 21% century medicine, we need additional
considerations to cope with increasing surgical complexity. For
example, the increased recognition of the advantages of Video Assisted
Thoracoscopic Surgery (VATS) in children has reiterated the need for
efficient one lung ventilation [33]. During one lung ventilation for
VATS, there are additional factors that need focus: the use of positive
pressure in pleural space; mechanical shift of the mediastinum; the
effects of added CO, upon vascular adaptive responses to hypoxia and
the oxygen dissociation curve; and increased V/Q mismatch (due to
decreased functional residual capacity and tidal volume resulting from
general anesthesia, suboptimal patient positioning, surgical retraction
and mechanical ventilation) [34].

A reliably measured [35] SpO, of 92% is considered the lowest
clinically acceptable level by established norms of clinical practice at
any age, with an exception of 88% as the lowest in chronic lung disease.
This is despite neither a SpO, below 92% having been proven to be
directly associated with tissue hypoxia, nor a SpO, above 92% proven
to exclude it. This has created clinical limitations especially in the era
of increasingly ‘manager driven’ medicine, compounded by top-down
target pressures and blame culture if staffare in breach of guidelines
[36-38]. When the SpO, is low, therapeutic administration of oxygen is
logical until the cause is found. Nevertheless, clinicians should consider
each scenario in its clinical context, with oxygen delivery at tissue level
as their ultimate end goal.

References

1.

20.

2

=

22.

2

w

24,

25.

Mower WR, Sachs C, Nicklin EL, Baraff LJ (1997) Pulse oximetry as a fifth
pediatric vital sign. Pediatrics 99: 681-686.

Jubran A (2015) Pulse oximetry. Critical Care (London, England) 19: 272.

Shah A, Shelley KH (2013) Is pulse oximetry an essential tool or just another
distraction? The role of the pulse oximeter in modern anesthesia care. J Clin
Monit Comput 27: 235-242.

Pedersen T (2005) Does perioperative pulse oximetry improve outcome?
Seeking the best available evidence to answer the clinical question. Best
Practice & Research Clinical Anaesthesiology 19: 111-123.

Collins JA, Rudenski A, Gibson J, Howard L, O'Driscoll R (2015) Relating
oxygen partial pressure, saturation and content: the haemoglobin-oxygen
dissociation curve. Breathe 11: 194-201.

Nolan TW (2000) System changes to improve patient safety. BMJ 320: 771-773.

Dawson NV, Arkes HR (1987) Systematic errors in medical decision making:
judgment limitations. J Gen Intern Med 2: 183-187.

Khemani RG, Thomas NJ, Venkatachalam V (2012) Comparison of SpO, to
PaO, based markers of lung disease severity for children with acute lung injury.
Crit Care Med 40: 1309-1316.

Ash WH (1956) Anoxia-hypoxia; clinical considerations. Current Researches in
Anesthesia & Analgesia 35: 206-217

. Laursen PB (2010) Training for intense exercise performance: high-intensity or

high-volume training? Scand J Med Sci Sports 20: 1-10.

. Hadeli KO, Siegel EM, Sherrill DL, Beck KC, Enright PL (2002) Predictors

of oxygen desaturation during submaximal exercise in 8,000 patients.
Cardiopulmonary Physical Therapy Journal 13: 21.

. Richmond S, Goldsmith JP (2006) Air or 100% oxygen in neonatal resuscitation?

Clin Perinatol 33: 11-27.

. Ezaki S, Suzuki K, Kurishima C, Miura M, Weilin W, et al. (2009) Resuscitation

of preterm infants with reduced oxygen results in less oxidative stress than
resuscitation with 100% oxygen. J Clin Biochem Nutr 44: 111-118.

. Vento M, Moro M, Escrig R, Arruza L, Villar G, et al. (2009) Preterm resuscitation

with low oxygen causes less oxidative stress, inflammation, and chronic lung
disease. Pediatrics 124: 439-449.

.Kilgannon JH, Jones AE, Parrillo JE, Dellinger RP, Milcarek B, et al. (2011)

Relationship between supranormal oxygen tension and outcome after
resuscitation from cardiac arrest. Circulation 123: 2717-2722.

. Fukushima KY, Yatsuhashi H, Kinoshita A, Ueki T, Matsumoto T, et al. (2007)

Two cases of hepatopulmonary syndrome with improved liver function following
long-term oxygen therapy. J Gastroenterol 42: 176-180.

. Pefialoza D, Sime F, Banchero N, Gamboa R, Cruz J, et al. (1963) Pulmonary

hypertension in healthy men born and living at high altitudes. Am J Cardiol 11:
150-157.

. Sime F, Banchero N, Penaloza D, Gamboa R, Cruz J, et al. (1963) Pulmonary

hypertension in children born and living at high altitudes. Am J Cardiol 11: 143-149.

. Lenfant C, Ways P, Aucutt C, Cruz J (1969) Effect of chronic hypoxic hypoxia

on the O2-Hb dissociation curve and respiratory gas transport in man. Respir
Physiol 7: 7-29.

Luks AM, Swenson ER (2007) Travel to high altitude with pre-existing lung
disease. Eur Respir J 29: 770-792.

. Lenfant C, Sullivan K (1971) Adaptation to high altitude. N Engl J Med 284:

1298-1309.

Lenfant C, Torrance JD, Reynafarje C (1971) Shift of the O2-Hb dissociation
curve at altitude: mechanism and effect. J Appl Physiol 30: 625-631.

.Bateman NT, Leach RM (1998) ABC of oxygen. Acute oxygen therapy. BMJ

317:798-801.

Goonasekera C, Kunst G, Mathew M (2017) End tidal carbon dioxide (ETCO2)
and peripheral pulse oximetry (SpO2) trends and right-to-left shunting in
neonates undergoing non cardiac surgery under general anesthesia. Pediatric
Anesthesia and Critical Care Journal 5: 40-45.

Ng A, Swanevelder J (201 1) Hypoxaemia associated with one-lung anaesthesia:
new discoveries in ventilation and perfusion. BJA 106: 761-763.

J Med Physiol Ther, an open access journal

Volume 1 « Issue 3 « 1000105


https://doi.org/10.1542/peds.99.5.681
https://doi.org/10.1542/peds.99.5.681
https://doi.org/10.1186/s13054-015-0984-8
https://doi.org/10.1007/s10877-013-9428-7
https://doi.org/10.1007/s10877-013-9428-7
https://doi.org/10.1007/s10877-013-9428-7
https://doi.org/10.3410/f.717973065.793469855
https://doi.org/10.3410/f.717973065.793469855
https://doi.org/10.3410/f.717973065.793469855
https://doi.org/10.1183/20734735.001415
https://doi.org/10.1183/20734735.001415
https://doi.org/10.1183/20734735.001415
https://doi.org/10.1136/bmj.320.7237.771
https://doi.org/10.1007/bf02596149
https://doi.org/10.1007/bf02596149
https://doi.org/10.1097/ccm.0b013e31823bc61b
https://doi.org/10.1097/ccm.0b013e31823bc61b
https://doi.org/10.1097/ccm.0b013e31823bc61b
https://doi.org/10.1213/00000539-195605000-00006
https://doi.org/10.1213/00000539-195605000-00006
https://doi.org/10.1111/j.1600-0838.2010.01184.x
https://doi.org/10.1111/j.1600-0838.2010.01184.x
http://journals.lww.com/cptj/Citation/2002/13010/Predictors_of_Oxygen_Desaturation_During.9.aspx
http://journals.lww.com/cptj/Citation/2002/13010/Predictors_of_Oxygen_Desaturation_During.9.aspx
http://journals.lww.com/cptj/Citation/2002/13010/Predictors_of_Oxygen_Desaturation_During.9.aspx
https://doi.org/10.1016/j.clp.2005.11.003
https://doi.org/10.1016/j.clp.2005.11.003
https://doi.org/10.3164/jcbn.08-221
https://doi.org/10.3164/jcbn.08-221
https://doi.org/10.3164/jcbn.08-221
https://doi.org/10.1542/peds.2009-0434
https://doi.org/10.1542/peds.2009-0434
https://doi.org/10.1542/peds.2009-0434
https://doi.org/10.1161/circulationaha.110.001016
https://doi.org/10.1161/circulationaha.110.001016
https://doi.org/10.1161/circulationaha.110.001016
https://doi.org/10.1007/s00535-006-1965-0
https://doi.org/10.1007/s00535-006-1965-0
https://doi.org/10.1007/s00535-006-1965-0
https://doi.org/10.1016/0002-9149(63)90055-9
https://doi.org/10.1016/0002-9149(63)90055-9
https://doi.org/10.1016/0002-9149(63)90055-9
https://doi.org/10.1016/0002-9149(63)90054-7
https://doi.org/10.1016/0002-9149(63)90054-7
https://doi.org/10.1016/0034-5687(69)90066-8
https://doi.org/10.1016/0034-5687(69)90066-8
https://doi.org/10.1016/0034-5687(69)90066-8
https://doi.org/10.1183/09031936.00052606
https://doi.org/10.1183/09031936.00052606
http://www.nejm.org/doi/pdf/10.1056/NEJM197106102842305
http://www.nejm.org/doi/pdf/10.1056/NEJM197106102842305
https://doi.org/10.1016/0034-5687(69)90066-8
https://doi.org/10.1016/0034-5687(69)90066-8
https://doi.org/10.1136/bmj.317.7161.798
https://doi.org/10.1136/bmj.317.7161.798
http://www.anestesiarianimazione.com/PACCJ 2017/End tidal carbon dioxide (ETCO2) and peripheral pulse oximetry (SpO2) trends and right-to-left shunting in neonates undergoing non cardiac surgery under general anesthesia .pdf
http://www.anestesiarianimazione.com/PACCJ 2017/End tidal carbon dioxide (ETCO2) and peripheral pulse oximetry (SpO2) trends and right-to-left shunting in neonates undergoing non cardiac surgery under general anesthesia .pdf
http://www.anestesiarianimazione.com/PACCJ 2017/End tidal carbon dioxide (ETCO2) and peripheral pulse oximetry (SpO2) trends and right-to-left shunting in neonates undergoing non cardiac surgery under general anesthesia .pdf
http://www.anestesiarianimazione.com/PACCJ 2017/End tidal carbon dioxide (ETCO2) and peripheral pulse oximetry (SpO2) trends and right-to-left shunting in neonates undergoing non cardiac surgery under general anesthesia .pdf
https://doi.org/10.1093/bja/aer113
https://doi.org/10.1093/bja/aer113
mz
Texte surligné 

mz
Texte surligné 


Citation: Goonasekera C, Peiris P, Oswald L, Sheikh A (2017) SpO,: How Low is Too Low? J Med Physiol Ther 1: 105.

Page 3 of 3

26. Dimitriou G, Greenough A, Pink L, McGhee A, Hickey A, et al. (2002) Effect 31. Levin Al, Coetzee JF, Coetzee A (2008) Arterial oxygenation and one-lung
of posture on oxygenation and respiratory muscle strength in convalescent anesthesia. Curr Opin Anaesthesiol 21: 28-36
infants. Arch Dis Child Fetal Neonatal Ed 86: F147-F150.

=

32. Karzai W, Schwarzkopf K (2009) Hypoxemia during one-lung ventilation:

27. Schwarzkopf K, Schreiber T, Bauer R Schubert H, Preussler NP, et al. (2001) prediction, prevention, and treatment. Anesthesiology 110: 1402-1411.
The effects of increasing concentrations of isoflurane and desflurane on 33 | tal M, Theam M (2017) Paediatric lung isolation. BJA Education 12: 57-62.
pulmonary perfusion and systemic oxygenation during one-lung ventilation in
pigs. Anesthesia & Analgesia 93: 1434-1438. 34. Oak SN, Parelkar SV, Satishkumar KV, Ramesh BH, Sudhir S, et al.(2009) Review

of video-assisted thoracoscopy in children. J Minim Access Surg 5: 57-62.

28. Tripathi RS, Papadimos TJ (2011) “Life-threatening” hypoxemia in one-lung
. Jubran A (1999) Pulse oximetry. Crit Care (London, England) 3: R11-R17.

ventilation. Anesthesiology 115: 438; author reply 439-441. 3

(32}

36. Greenhalgh T, Howick J, Maskrey N, Evidence Based Medicine Renaissance

29.Deem S, Bishop MJ, Alberts MK (1995) Effect of anemia on intrapulmonary G (2014) Evidence based medicine: a movement in crisis? BMJ 348: g3725

shunt during atelectasis in rabbits. J Appl Physiol 79: 1951-1957.

30. Szegedi LL, Van der Linden P, Ducart A, Cosaert P, Poslaert J, et al. (2005) 37. Oliver D (2017) When “resilience” becomes a dirty word. BMJ 358: j3604.
The effects of acute isovolemic hemodilution on oxygenation during one-lung 38. Rousseau DM (2006) Is there such a thing as “Evidence-Based Management™?
ventilation. Anesth Analg 100: 15-20. Acad Manage Rev 31: 256-269.

J Med Physiol Ther, an open access journal Volume 1 « Issue 3 « 1000105


https://doi.org/10.1136/fn.86.3.f147
https://doi.org/10.1136/fn.86.3.f147
https://doi.org/10.1136/fn.86.3.f147
https://doi.org/10.1097/00000539-200112000-00017
https://doi.org/10.1097/00000539-200112000-00017
https://doi.org/10.1097/00000539-200112000-00017
https://doi.org/10.1097/00000539-200112000-00017
https://doi.org/10.1097/aln.0b013e318223bbad
https://doi.org/10.1097/aln.0b013e318223bbad
http://jap.physiology.org/content/79/6/1951.short
http://jap.physiology.org/content/79/6/1951.short
https://doi.org/10.1213/01.ane.0000136771.64552.9c
https://doi.org/10.1213/01.ane.0000136771.64552.9c
https://doi.org/10.1213/01.ane.0000136771.64552.9c
http://scholar.sun.ac.za/handle/10019.1/13671
http://scholar.sun.ac.za/handle/10019.1/13671
https://doi.org/10.1097/aln.0b013e31819fb15d
https://doi.org/10.1097/aln.0b013e31819fb15d
https://doi.org/10.1093/bjaed/mkw047
https://doi.org/10.4103/0972-9941.58498
https://doi.org/10.4103/0972-9941.58498
https://link.springer.com/content/pdf/10.1186/cc341.pdf
https://doi.org/10.1136/bmj.g3725
https://doi.org/10.1136/bmj.g3725
https://doi.org/10.1136/bmj.j3604
https://doi.org/10.5465/amr.2006.20208679
https://doi.org/10.5465/amr.2006.20208679

	Title
	Corresponding author
	References



