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Adjustment of oxygen use by means of pulse oximetry:  
an important tool for patient safety

Adequação do uso do oxigênio por meio da oximetria de pulso:  
um processo importante de segurança do paciente

Telma de Almeida Busch Mendes1, Paola Bruno de Araújo Andreoli2, Leny Vieira Cavalheiro3, Claudia Talerman4, 
Claudia Laselva5

ABSTRACT
Objective: To assess patient’s level of oxygenation by means of 
pulse oximetry, avoiding hypoxia (that causes rapid and severe 
damage), hyperoxia, and waste. Methods: Calculations were made 
with a 7% margin of error and a 95% confidence interval. Physical 
therapists were instructed to check pulse oximetry of all patients with 
prescriptions for physical therapy, observing the scheduled number 
of procedures. Results: A total of 129 patients were evaluated. 
Hyperoxia predominated in the sectors in which the patient was 
constantly monitored and hypoxia in the sectors in which monitoring 
was not continuous. Conclusions: Professionals involved in patient 
care must be made aware of the importance of adjusting oxygen use 
and the risk that non-adjustment represents in terms of quality of care 
and patient safety.

Keywords: Anoxia; Oximetry; Oxygen therapy/adverse effects

RESUMO
Objetivo: Avaliar a oxigenação dos pacientes por meio da oximetria 
de pulso, evitando a hipóxia (cujo dano é rápido e  grave) e a 
hiperóxia, evitando o desperdício. Métodos: Foi realizado um cálculo 
de amostra com margem de erro em 7% e  intervalo de confiança 
de 95%. Os fisioterapeutas foram orientados a checar a oximetria 
de pulso de todos os pacientes com prescrição de fisioterapia, 
respeitando o número de atendimentos programados. Resultados: 
Foram avaliados 129 pacientes. A hiperóxia predominou nos setores 
que o paciente permaneceu monitorado e a hipóxia nos setores em 
que a monitorização não era contínua. Conclusões: Faz-se necessária 

a conscientização dos profissionais envolvidos na assistência ao 
paciente sobre a importância da adequação do oxigênio e o risco 
que sua inadequação representa na qualidade do atendimento e na 
segurança do paciente.

Descritores: Anoxia; Oximetria; Oxigenoterapia/efeitos adversos

INTRODUCTION
Oxygen therapy is a treatment in which the partial 
pressure of oxygen in arterial blood is increased by 
means of a higher concentration of oxygen in the inhaled 
air. It is an effective treatment, which is indicated in 
respiratory failure, i.e., when the respiratory system is 
unable to maintain normal values of arterial oxygen 
pressure (PaO2) and/or arterial carbon dioxide 
pressure (PaCO2). Oxygen administration is indicated 
in cases of acute respiratory failure (RF), when PaO2 
is lower than 60 mmHg or SaO2 is lower than 88-90% 
as per the oxyhemoglobin dissociation curve in room 
air (FiO2 21%). 

In cases of chronic hypoxemia in which there is 
greater tolerance to hypoxemia, a 55 mmHg threshold 
level of PaO2 may be used. Under these conditions, 
oxygen should always be administered, particularly in 
Type I RF (hypoxemic or alveolocapillary),  comprising 
conditions that primarily affect vessels, alveoli, and 
pulmonary interstitium, such as acute respiratory 
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distress syndrome (ARDS), pneumonias, atelectasis, 
pulmonary edema, pulmonary embolism, quasi-
drowning, exacerbated chronic obstructive pulmonary 
disease (COPD), severe asthma and pneumothorax. In 
these cases, there is a drop in PaO2 with normal values 
of PaCO2

(1)
. 

In cases of Type II RF, there is an elevation of carbon 
dioxide levels due to ventilatory failure (with central 
nervous system – CNS – alterations, neuromuscular and 
peripheral alterations, dysfunction of the thoracic wall 
and pleura, obstruction of upper airways). Additionally, 
hypoxemia is common in patients who breathe room air. 

The administration of oxygen to the patient has 
clinical indications described in the literature that must 
be rigidly followed by the multiprofessional team. 

The objective is to maintain adequate levels of 
oxygenation in order to avoid suspected or confirmed 
acute hypoxemia that causes rapid and severe damage, 
to reduce symptoms associated with chronic hypoxemia, 
and to reduce the work load that hypoxemia imposes on 
the cardiopulmonary system (pulmonary hypertension, 
arrhythmia, and myocardial ischemia) and on the CNS.

Confirmation of the presence of RF is only made 
by analysis of blood gases. A rapid indication of the gas 
exchanges conditions is given by pulse oximetry(1).

An interesting fact that must be considered is that 
respiratory failure is not characterized by an exclusive 
clinical finding. Dyspnea may be the primary symptom and 
its intensity, sudden appearance in addition to progression 
help in the diagnosis. When present, cyanosis is an 
important sign of hypoxemia, but it may go unnoticed. In 
cases of even mild anemia, it will only be present when 
the reduced hemoglobin concentration exceeds 5 g/dl.  
As hypoxemia is accentuated, some manifestations such 
as decreased cognitive function, deterioration of good 
judgment capacity, aggressiveness, motor incoordination, 
and even coma and death may occur. A similar clinical 
picture may occur when CO2 is elevated. In the case of 
chronic hypoxemia, patients may present with somnolence, 
lack of concentration, apathy, fatigue, and delayed reaction 
time(1). The nervous system is the most vulnerable of all, 
followed by the kidneys, heart, and liver, and this is why 
neurological symptoms predominate in RF. 

But there are other clinical manifestations that may 
be minimal or absent even in the presence of significant 
hypoxemia, which reinforces the need for pulse 
oximetry monitoring. Oximetry (SPO2) is considered 
to be the best non-invasive monitoring method. With 
the use of oximetry, it is possible to assess if the level 
of oxygen in arterial blood is adequate for tissue 
needs. It is a useful measurement for evaluating acute 
changes in the patient’s clinical status and for adjusting 
the flow of oxygen according to recommended levels. 

Nevertheless, one cannot forget the limitations of 
pulse oximetry(2).

Saturation values are equivalent to arterial gases. 
Gasometrically, acute RF (ARF) corresponds to PaO2 
< 60 mmHg, SaO2 < 90%, and PaCO2 > 50 mmHg); 
except for patients who are chronic CO2 retainers.

Literature confirms the correlation between the 
reading done by pulse oximeter (SPO2), which is 
hemoglobin oxygen saturation in peripheral arterial 
blood, and the saturation measured in arterial blood 
(SaO2). There is a variation of precision that should be 
taken into consideration (Chart 1)(3).

Monitoring by pulse oximetry reduces preoperative 
hypoxemia, enables the detection and treatment of 
hypoxemia related to respiratory events, and promotes 
significant changes in patient care(4). The Brazilian 
Society of Anesthesiology, along with the Federal 
Council of Medicine, recommends the use of pulse 
oximetry during anesthesia, sedation, in intensive care 
units, and in transporting critically ill patients(5-6).

The patient’s oxygenation reflects changes in the 
patient’s clinical status and may be altered for a number 
of reasons: accumulation of secretions, changes in 
decubitus with alteration of the V/Q (ventilation/
perfusion) ratio, therefore involving the entire team 
associated with direct patient care(7).

In a prior study carried out at the Hospital Israelita 
Albert Einstein (HIAE),  in 2006, a total of 1,092 
inpatients were accompanied; they were undergoing 
respiratory physical therapy, and 11% of them were 
found to be in hypoxia, i.e., with oxygen saturation 
lower than 92%, a substantial value when considering 
accuracy variation (data not published).

The physical therapy routine included assessment 
of oximetry only at each respiratory physical therapy 
procedure. Based on the results found in 2006, a new 
routine was implemented and some recommendations 
were made to the multiprofessional team regardless of 
the type of care to be given:

-	 systematically assess vital signs (heart rate, 
respiratory rate, temperature, blood pressure).  
Oximetry is the fifth vital sign; 

-	 always correlate oximetry with clinical data; 
-	 assess the patient’s clinical picture. Note if there are 

alterations in consciousness and motor instability, 
which are signs of neurological alterations; 

SaO2 (%) Accuracy range (%)
> 90 ± 2%
80-90 ± 5%
< 80 ± 12%

Chart 1. Variation of oxygen saturation accuracy
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-	 determine whether the patient displays tachycardia 
and arterial hypertension. Remember that 
bradycardia occurs later; 

-	 do not wait for the presence of cyanosis to exclude 
hypoxemia, which will only occur when the levels of 
PaO2 are lower than 50 mmHg; 

-	 check respiratory rate. If the patient presents 
with tachypnea (> 20 breaths/min, in adults) or 
bradypnea (incapacity to generate or conduct 
respiratory stimuli), check pulse oximetry and 
monitor frequency to accompany progression; 

-	 determine whether the oximeter was placed correctly, 
avoiding excessive pressure on the fingers. In children, 
depending on the type of oximeter, the installation 
site should be inspected to avoid lesions; 

-	 check the oximeter cable if the reading is not 
consistent with the patient’s clinical status; 

-	 in case of doubt as to a result, oximetry should be 
check on you in order to verify if there is a problem 
with the device; 

-	 maintain oximetry monitoring after the removal of 
oxygen during rest and throughout handling of the 
patient, including during bathing; 

-	 install oxygen and repeat the reading if the 
oximetry shows altered values. Saturation should 
be maintained at ≥92%, considering the difference 
described in literature; 

-	 record the results ascertained on the patient’s 
clinical chart;

-	 suggest to the physician the collection of arterial gases 
if the patient presents with a critical clinical picture 
associated with change in saturation, since oximetry 
is unable to detect hypercapnia or acidosis.

Other acts of patient care were recommended in 
relation to the saturation reading: 

-	 individuals of the black race: try to place the sensor 
in areas where the skin is lighter and, when the result 
is lower than 90%, apply the sensor turned towards 
the palm of the hand or sole of the foot; 

-	 exaggerated environmental light may falsely elevate 
oximetry; 

-	 smokers or individuals who live in large urban 
areas (taxi drivers) may present with high levels 
of carboxyhemoglobin leading to higher SPO2 
readings(8);

-	 individuals who use sodium nitroprusside, local 
anesthetics, nitroglycerin, methochlopramide and 
medications containing sulfa may also present with 
higher readings(9);

-	 intravenous dyes, such as methylene blue, indigo 
carmine, and indocyanine green, as well as nail polish in 
colors red, black, blue and green also modify readings; 
therefore, avoid readings with nail polishes; 

-	 in case of bacteremia, the drop in saturation is a 
result of inadequate perfusion. In this case, consider 
the general aspect of the patient and check blood 
pressure: if there is associated hypotension, it may 
be an indication of imminent septic shock; 

-	 remember that hypothermia may disguise the 
reading.

Additionally, other actions were reinforced with the 
physical therapy team, such as pulse oximetry monitoring, 
the values recommended in literature, the importance of 
recording clinical progress of the levels identified in clinical 
charts, as well as establishing a more systemic assessment 
of oxygen saturation when the patient shows changes in 
clinical picture or a borderline saturation measurement.  

Some barriers had to be broken down in order to 
implant these actions:

-	 non-compliance and non-involvement of professionals 
implicated in direct patient care, especially physical 
therapists and nurses who should record saturation 
results in the clinical progress notes; 

-	 the need for nurses to assess pulse oximetry in 
patients who do not receive oxygen at least once a 
day and are not accompanied by physical therapy.

This second action impacted costs, since as routine in 
the medical clinic (patients not seriously ill) there should 
be medical prescription of oximetry measurements and 
a daily rate was charged by the nursing staff for the use 
of the oximeter, regardless of the number of times the 
saturation was checked. 

OBJECTIVE
To verify oxygen saturation levels in patients with 
prescriptions for physical therapy and the justifications 
given in the medical chart by the Physical Therapy team 
about patients with alterations. 

METHODS 
Calculation of the sample was based on the number of 
patients hospitalized without mechanical ventilation and 
seen by physical therapists over a period of 15 days, with 
a 7% margin of error and 95% confidence interval (CI).

After standardizing the ideal saturation level, 
physical therapists were instructed to check pulse 
oximetry of all patients for whom physical therapy 
was prescribed, respecting the scheduled number of 
procedures. The orientation given was to check oximetry 
at rest and also during daily activities, especially in 
pulmonary patients. The clinical progress of saturation 
levels was to be recorded, and in case of need for 
oxygen administration or any modification, even an 
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increase or drop in saturation, should also be recorded, 
as well as the justification for its non-correction, 
whenever necessary. Each and every alteration was 
to be followed and recorded, and the professionals 
involved in patient’s care were to be made aware of 
the status. In daily practice, the nurse centralizes the 
information and should transmit it to the physician and 
all involved, also being aware of each and every change 
detected by the team. When there was no justification in 
the physical therapist progress notes, the nurses’ notes 
and the control sheet with the licensed practicing nurse 
records of the times and values of saturation should be 
checked, as well as the clinical progress report made 
by the speech therapist when involved in the process. 
A second progress report was audited to verify if the 
oxygen saturation was maintained adequate as per the 
notes in the patient’s clinical chart.

RESULTS 
In analyzing adequate use of oxygen, it is clear that 
out of the total 129 measurements audited in the first 
progress report, 72 displayed normal values and 57 were 
altered (Table 1). Of the total number of measurements 
found to be altered, 46 were due to hyperoxia and 11 
were due to hypoxia (Table 2). 

Among the measurements that did not satisfy 
criteria of normality (in hyperoxia or hypoxia: n = 57), 

22 were corrected by the physical therapist and 15 were 
not corrected, but were justified (Table 3).

In the second progress report, 69 clinical progress 
records were evaluated, and 37 of them satisfied criteria 
of normality and 32 showed alterations (Table 4).

Among the abnormal measurements, 30 were 
found as hyperoxia in the second progress report, and 
only 2 in hypoxia (Table 5). It is worth pointing out 
that the latter were identified in sectors where patients 
were not continually monitored and depended on 
evaluations of the physical therapist at the time of the 
procedure. 

Hyperoxia predominated in all assessed sectors, 
except in two units where only one measurement was 
evaluated, since the patients only had physical therapy 
once a day (data not shown on the table).

Of this total number of alterations found in the 
second progress report, ten were corrected by physical 
therapy. Among the 22 cases which were not corrected, 
only 8 were justified (Table 6).

Among the justifications encountered in units 
with patients bearing greater severity and risk, the 
change in clinical picture predominated as the most 
frequent justification in both clinical progress reports 
audited, regardless of the severity of the case. A lower 
percentage of justifications was found in sectors with 
patients presenting with less severe conditions (Tables 
7 and 8).

Variable Category

1st progression audited

Normal (≥92%) Altered

n % n % 
In-patient unit Geriatrics, Chronic pts, Oncology, Pneumology, Orthopedics, Neurology and Gastrology 42 58.4 15 26.3
Critical patient’s unit ICU and Step-down 30 41.6 42 73.7
Total 72 100.0 57 100.0

Table 1. Oxygen saturation values measured in patients not using non-invasive ventilation and monitored by physical therapy in the first progression note audited 
according to standardized measure criterion

Variable Category

1st progression audited

Hyperoxia Hypoxia

n % n % 
In-patient unit Geriatrics, Chronic pts, Oncology, Pneumology, Orthopedics, Neurology and Gastrology 6 13.0 9 82.0
Critical patient’s unit ICU and Step-down 40 87.0 2 18.0
Total 46 100.0 11 100.0

Table 2. Oxygen saturation values measured in patients not using non-invasive ventilation and monitored by physical therapy, which did not meet the normalcy criterion 
in the 1st progression notes in the chart according to the criterion defined as hyperoxia and hypoxia

Variable Category

1st progression audited

Corrected Justified

n % n % 
In-patient unit Geriatrics, Chronic pts, Oncology, Pneumology, Orthopedics, Neurology and Gastrology 9 41.0 5 33.0
Critical patient’s unit ICU and Step-down 13 59.0 10 66.0
Total 22 100.0 15 100.0

Table 3. Measures found in hyperoxia and hypoxia in patients not using non-invasive ventilation and monitored by physical therapy, according to the criterion adopted 
as adjustment (correction) and justified in the chart by the professional 1st progression evaluation
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Variable Category

2nd progression audited

Normal (≥92%) Altered

n % n % 
In-patient unit Geriatrics, Chronic pts, Oncology, Pneumology, Orthopedics, Neurology and Gastrology 20 54.1 9 28.0
Critical patient’s unit ICU and Step-down 17 45.9 23 72.0
Total 37 100.0 32 100.0

Table 4. Oxygen saturation values measured in patients not using non-invasive ventilation and monitored by physical therapy in the 2nd progression notes in the chart 
audited according to the standardized measurement criterion

Variable Category

2nd progression audited

Hyperoxia Hypoxia

n % n % 
In-patient unit Geriatrics, Chronic pts, Oncology, Pneumology, Orthopedics, Neurology and Gastrology 7 23.3 2 100.0
Critical patient’s unit ICU and Step-down 23 76.6 0 0,0
Total 30 100.0 2 100.0

Table 5. Oxygen saturation values measured in patients not using non-invasive ventilation and monitored by physical therapy which did not meet the normalcy criterion 
in the 2nd progression notes in the chart according to the criterion defined as hyperoxia and hypoxia

Variable Category

2nd progression audited

Corrected Justified

n % n % 
In-patient unit Geriatrics, Chronic pts, Oncology, Pneumology, Orthopedics, Neurology and Gastrology 5 50.0 2 25.0
Critical patient’s unit ICU and Step-down 5 50.0 6 75.0
Total 10 100.0 8 100.0

Table 6. Measures found in hyperoxia and hypoxia in patients not using non-invasive ventilation and monitored by physical therapy, according to the criterion adopted 
as adjustment (correction) and justified in the chart by the professional 2nd progression evaluation

Variable

1st progression audited

Critical  patients Non-critical patients (unit)

n % n % 
Change in clinical picture 5 50.0 1 33.4
Nursing procedure 0 0.0 1 33.3
Speaking valve 1 10.0 0 0.0
Attempt to wean 1 10.0 0 0.0
NIV 1 10.0 0 0.0
Discomfort 1 10.0 0 0.0
Desaturation 1 10.0 0 0.0
Bath 0 0.0 1 33.3
Total 10 100.0 3 100.0

Table 7. Justifications given to no correction of oxygen saturation according to the criterion adopted in patients not using non-invasive ventilation and monitored by 
physical therapy, in the 1st progression notes in the chart audited according to criterion of severity of patient

NIV: non invasive ventilation

Variable

2nd progression audited

Critical  patients Non-critical patients (unit)

n % n % 
Change in clinical picture 3 75.0 0 0.0
Nursing procedure 0 0.0 1 33.4
Speaking valve 0 0.0 0 0.0
Attempt to wean 0 0.0 0 0.0
NIV 1 25.0 0 0.0
Discomfort 0 0.0 0 0.0
Desaturation 0 0.0 0 0.0
Bath 0 0.0 2 66.6
Total 4 100.0 3 100.0

Table 8. Justifications given to no correction of oxygen saturation according to the criterion adopted in patients not using non-invasive ventilation and monitored by 
physical therapy, in the 2nd progression notes in the chart audited according to criterion of severity of patient

NIV: non invasive ventilation
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DISCUSSION
The decision of when to monitor pulse oximetry should 
be made as any other clinical decision, i.e., based on 
therapeutic objectives.

The clinical assessment of hypoxia and hypoxemia 
revealed inconsistencies in the definition of terms and 
of the root cause, as well as of clinical indicators used to 
evaluate the need for oxygen supplementation. 

Some patients, even without the need for oxygen 
supplementation, may be at risk for development of 
hypoxia. 

Many studies discuss the criteria for indication of 
oxygen in specific situations, but no comparative study 
was found assessing the criteria for risk of hypoxia and 
the oxygen monitoring routine.

The risk of hypoxia under specific conditions is well 
discussed in literature, such as in acute and chronic RF(1), 
in the immediate postoperative period(10-13),  principally 
in the postoperative phases of large operations(14), 
among them abdominal surgery(13,15).

Other situations offer risk of hypoxia, as the case of 
patients who suffered encephalic vascular accident(14,16-

18) and when it occurs due to various factors such 
as alterations in the regulation of the respiratory 
center(17), by bronchoaspiration(17-21), or due to muscular 
weakness(12,22), and by possible modifications related 
to sleep even in patients who display normal daytime 
oximetry(21-26). This same risk occurs in patients with 
pulmonary and cardiovascular problems(27), respiratory 
infections(23-28), pulmonary embolism, acute edema(29-

31), and in obese patients due to respiratory problems 
associated with obesity(31).

Despite clinical indications described in literature, 
oxygen administration to the patient often is not 
rigorously followed by the multiprofessional team. 
Checking oximetry is routine when recording clinical 
progress in physical therapy regardless of the use of 
oxygen by the patient, but it is not a routine adopted by 
the nursing staff when the patient is not on continuous 
oxygen. The consequences of inadequate use or non-
use of oxygen lead to a continuous concern about the 
safety and quality of the care given to patients. It is 
necessary to evaluate the standard of saturation found 
in patients submitted to physical therapy in order to 
adjust the peripheral saturation values and standardize 
a routine of oximetry assessment in hospitalization units 
where the risk of hypoxia is higher, considering the fact 
that the patient is not continuously monitored. In this 
study, we point out that, in closed units, such as the 
Semi-Intensive Unit, Coronary Unit, and Intensive 
Care Unit, where the patient is monitored or receives 
physical therapy care more intensively, the value of 
hypoxemia was low, with a prevalence of alterations due 

to hyperoxia. The lack of correction of the alterations 
found was motivated by the change in clinical picture 
as per the most frequent justification, and in a smaller 
percentage of cases, the attempt to wean and the use 
of the speaking valve. Thus, involvement of the nursing 
team and the speech therapy team in compliance with the 
routine of assessment of patient oximetry is mandatory, 
reinforcing the importance of this monitoring.

CONCLUSION
Awareness of all the professionals involved in direct 
patient care as to the importance of adequate use of 
oxygen, of vigilance, and of recording values in the 
patients’ progress charts as well as justification for non-
correction of oxygenation deviations is necessary. This 
project revealed a gap in communication among the 
teams involved, and brought to light the need to define 
even more important criteria as to the risk of hypoxia, 
since pulse oximetry measurement represents costs for 
the patient and for the healthcare service.
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