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Abstract

Introduction: Community-acquired pneumonia (CAP) is a common presenting condition in primary care. Assessment of oxygenation
status using pulse oximetry is increasingly available, but its precise role in disease severity assessment is unknown.

Aims: To inform the use of pulse oximetry in patients with CAP, including the utility of different oxygenation thresholds, patient
subgroups, and interaction with existing severity scores.

Methods: A prospective cohort study of adults with CAP admitted to a UK teaching hospital trust. Oxygen saturations (Sp02) and the
fraction of inspired oxygen were recorded on admission. The value of different S,0; thresholds (<88%, <90%, <92%, and <95%) in
predicting 30-day mortality and critical care admission was analysed.

Results: 467 patients had S0, measured on room air. Admission SpO2 <90% was observed in 28% of patients and had reasonable
specificity (76%) for 30-day mortality or critical care admission, but low sensitivity (46%). Specificity was particularly good for adults <50
years of age (90%) or those with asthma (92.3%).

Conclusions: SpO2 <90% has good specificity but low sensitivity for adverse outcomes in CAP. It complements rather than replaces

clinical severity scoring.
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Introduction
Community-acquired pneumonia (CAP) is a common condition,
with an estimated annual incidence in the UK of 233 per
100,000." CAP causes over 100,000 admissions annually to
hospitals in England and Wales,? and has an estimated mortality
of 3% in patients presenting to primary care and 9-15% in
hospitalised patients.* The recommended tool in the UK for CAP
severity assessment in primary care is the CRB-65 score.® This well-
validated score, which stratifies patients for risk of mortality and
therefore need for hospital admission,®® consists of binary
variables derived from measures of confusion, respiratory rate,
blood pressure and age, but does not include a measure of
hypoxaemia.

An assessment of oxygenation is recommended when patients
with CAP are admitted to hospital.”® The percentage of capillary

haemoglobin that is saturated with oxygen (SpO2) can be
quantified rapidly and non-invasively using a pulse oximeter. Pulse
oximeters are increasingly being used in primary care in the
assessment of a variety of respiratory conditions," and national
guidelines recommend the use of pulse oximetry in primary care
to inform severity assessment and admission decisions.’®'
However, few data support these recommendations (grade D
evidence).

Arterial hypoxaemia (the partial pressure of oxygen in arterial
blood (P202) <8kPa) is independently associated with poorer
outcomes in hospitalised patients with CAP,*"® and may be useful
in identifying patients at higher risk of adverse outcomes despite
apparently low severity CAP as measured by current severity
scores.” However, arterial blood gas analysis as a measure of
hypoxaemia is not routinely available in primary care and is usually
inappropriate in patients who do not have low SpO2 or suspected
significant metabolic derangement. In contrast, pulse oximetry is
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a rapid and non-invasive investigation. Knowledge of low SpO2 in
the emergency department has been shown to alter physician
practice significantly, including treatment, investigation and
admission decisions,'® and delays in oxygen assessment may result
in worse patient outcomes.™

However, there remains substantial uncertainty regarding the
role of pulse oximetry in the context of the CRB-65 score for
disease severity assessment in patients presenting to primary care
with CAP. In particular, there is uncertainty regarding the
thresholds of Sp0O; that are associated with clinically significant
outcomes. The aims of this study therefore were;

a) toassess the utility of different thresholds of SpO2 in predicting
adverse outcomes in CAP

b) to assess the utility of low SpO2 as a prognostic tool in sub-
groups such as the young and those without respiratory co-
morbidity, and

C) to compare the prognostic value of oxygenation assessment
for mortality with existing clinical severity scoring.

The ideal study design to address these questions would be a
large cohort study conducted in primary care with follow-through
in hospital. A sample size of several thousand would be required
to capture enough patients with an adverse outcome (admission
to critical care or death) to enable a robust analysis. There are
major practical and feasibility hurdles in mounting such a large
study. The current study design — which focuses on a cohort of
patients hospitalised with CAP — has design limitations but still
offers important and useful data that might inform further
studies.

Material and methods
Patient population and recruitment
Consecutive patients admitted with CAP to a large UK
teaching hospital trust between September 2008 and
February 2010 were prospectively recruited. Patients were
included if they were aged 16 years or more, had at least one
acute symptom in keeping with lower respiratory tract infection
(breathlessness, cough, sputum or fever), had new infiltrates on a
chest radiograph, and were treated by the admitting team for
CAP Patients were excluded if they had been admitted to hospital
in the preceding 10 days, had tuberculosis, or had post-
obstructive pneumonia due to lung cancer. Participants were
identified by the investigators on a daily basis from the acute
admitting medical wards and enrolled following a diagnostic
admission chest radiograph. The route of admission was either
referral from primary care or following assessment in the
emergency department. All patients were managed in a similar
manner according to trust CAP guidelines at the discretion of the
attending clinician.

Upon hospital admission, demographic, co-morbidity and
severity data were collected for all patients. SpO2 levels with the
fraction of inspired oxygen (FiO2) as first measured by the triage
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nurse team were documented. Participants were seen in an
outpatient clinic six to eight weeks following discharge to assess
clinical and radiological disease resolution. Full ethical approval
was gained from the Nottingham Regional Ethics Committee and
informed consent was obtained from all patients. “COPD" was
defined as any patient with a smoking history more than 20 pack
years who had been diagnosed with the condition in primary or
secondary care prior to the acute illness.

Statistical considerations

The primary outcome measure was a combined end point of
inpatient mortality within 30 days of admission or admission to a
critical care area. Other outcomes examined were length of
hospital stay (LOS) and need for mechanical ventilation (MV).
Patients were only included in the current study if the initial
oxygen assessment was performed on room air.

Data were analysed using SPSS v16.0 (©SPSS inc., 2007). The
association of SpOz with the primary outcome measure was
examined with and without adjustment for disease severity using
a logistic regression analysis, from which odds ratios were
calculated. Groups of patients were further analysed according to
admission  SpO; thresholds commonly used in guideline
statements (<88%, <90%, <92%, and <95%) using Pearson’s ?
test, and measures of performance including sensitivity and
specificity were calculated. Using the most suitable Sp02
threshold, patient sub-groups were compared in a similar manner.
Continuous variables of other outcomes (such as LOS) were
normalised logarithmically prior to analysis using Student’s T test.
The utility of CRB-65 as a predictor for 30-day mortality was
analysed using receiver-operating characteristic (ROC) curves. A
binary measure for each of the oxygenation thresholds was added
to the individual CRB-65 scores and areas under the curve (AUC)
calculated for each ROC curve.

Results

Patient population

Of 832 eligible patients enrolled over the period of the study, 365
received pre-admission supplemental oxygen and therefore did
not have Sp0; levels measured on room air at the time of hospital
admission, leaving 467 patients in the study cohort. Mean age
was 66.7 years (standard deviation 20.1) and 30-day inpatient
mortality was 10.3%. Further demographic and clinical features of
the patient cohort are described in Table 1.

Utility of different thresholds of SpO2 in predicting
adverse outcomes

SpO2 measured at the time of admission was found on univariate
analysis to be inversely associated with the combined outcome of
30-day mortality and critical care admission (per unit decrease in
SpO2, odds ratio (OR) 1.09, 95% confidence interval (Cl) 1.05-
1.14, p<0.001). This association was maintained after adjustment
for disease severity using the CRB-65 score (CRB-65 0 or 1, OR
1.11,95% Cl 1.05-1.17, p<0.001; CRB-65 2 and above, OR 1.06,
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Table 1. Patient demographics.

Characteristic Total SpO2 SpO2 p value

>90% <90%

(n=336) (n=131)
Mean age (years) 66.7 64.5 72.3 0.001
Male (%) 57.0 58.9 51.8 0.17
Care home resident (%) 12.6 9.8 19.8 0.003
Clinical features
Dyspnoea (%) 88.2 87.2 96.7 0.35
Cough (%) 77.4 75.2 83.7 0.08
Productive sputum (%) 59.4 56.6 67.3 0.06
Fever >38.0°C on admission (%) 37.3 36.1 40.2 0.43
Co-morbid illness
COPD (%) 17.8 13.7 28.2 0.001
Asthma (%) 9.9 1.9 4.6 0.001
CVD (%) 14.2 14.0 14.6 0.86
Dementia (%) 8.1 6.3 13.0 0.017
Chronic renal impairment (%) 7.5 7.4 7.6 0.94
Active malignancy (%) 71 6.0 10.0 0.13
CCF (%) 6.9 5.1 11.5 0.014
Chronic liver disease (%) 1.3 1.8 0 0.13
Oxygenation
Median SpO2
(interquartile range) 94 (90-96) 95 (93-96) 87 (82-89) <0.001
CRB-65 risk class (%)
0 131(28.1) 116 (34.5) 15(11.5)
1 186 (39.8) 129 (38.4) 57 (43.5)
2 119 (25.5) 76 (22.6) 43(32.8) $<0.001
B 31 (6.6) 15 (4.5) 16 (12.2)
4 0 (0) 0(0) 0 (0)
Miscellaneous
Mean haemoglobin (SD) 12.7(1.9) 128(1.9) 125(2.00 0.22
Mean urea (SD) 10.1 (10.5) 9.8(11.2) 10.7 (8.3) 0.03
Mean creatinine (SD) 120 (96) 118(83) 123 (100) 0.45

SpO2: capillary oxygen saturations; SD: standard deviation;

COPD: chronic obstructive pulmonary disease; CCF: congestive cardiac failure;
CVD: cerebrovascular disease. Symptoms exclude those who were unable to
communicate through confusion or disease severity.

95% CI 1.00-1.11, p=0.04). All four commonly used thresholds
for hypoxaemia were associated with poorer outcomes (Table 2).
There was a statistically significant association between decreasing
thresholds of SpO2 and incidence of adverse outcome (for each
decrease in threshold, OR 1.42, 95% Cl 1.22-1.66, p<0.001).
Sp02 <90% was found to have moderate discriminatory value
(specificity >75%) while still applying to a reasonable proportion
of patients (131/467, 28%). This threshold was therefore chosen
for further analysis.

Utility of SpO2 <90% as a prognostic tool in sub-groups
The specificity of SpO2 <90% as a predictor of mortality or critical
care admission was improved when applied to sub-groups of
patients, in particular those aged less than 50 years (90.0%) and
in patients with asthma (92.3%) (Table 3). SpO2 <90% was a less
reliable predictor in patients admitted from nursing or residential
homes and those with COPD. In patients with SpO2 <90%,
admission to critical care, need for mechanical ventilation and LOS
were each significantly increased (Table 4).

Comparison of the prognostic value of 5,02 <90%
with existing severity scoring

The area under the curve (AUC) of the receiver-operating
characteristic (ROC) curve for CRB-65 in predicting 30-day
inpatient mortality in this cohort was 0.768. When the binary
measure of SpO2 < or >90% was added the AUC was not
significantly improved (0.785). For patients with low to
moderate severity CAP based on a CRB-65 score of 0 or 1,
SpO2 was <90% in 20/41 (48.8%) of those who subsequently
died or were admitted to critical care. The sensitivity of CRB-
65 >1 and >2 in predicting 30-day mortality in this cohort
was 97.9% and 70.8% respectively, but was only 52.1% for
Sp02 <90%.

Table 2. Sensitivities and specificities for 30-day inpatient mortality or critical care admission by thresholds of hypoxaemia.

Died or CC (%) OR 95% Cl p value Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Sp02 <88% (n=69) 36.2 3.3 1.9-5.7 <0.001 29.8 88.5 36.2 85.2
Sp02 <90% (n=131) 29.8 2.7 1.7-4.5 <0.001 46.4 76.0 29.8 86.6
Sp02 <92% (n=187) 26.7 2.6 1.6-4.3 <0.001 59.5 64.2 26.7 87.9
Sp02 <95% (n=271) 22.5 2.2 1.3-3.7 0.003 72.6 45.2 22.5 88.3

CC: critical care; OR: odds ratio; Cl: confidence interval; SpO2: percentage of capillary haemoglobin saturated with oxygen; PPV: positive predictive value;

NPV: negative predictive value.

Table 3. Value of Sp02 <90% in predicting mortality or critical care admission in subgroups of patients with CAP.

Died or CC (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
All (n=467) 18.0 46.4 76.0 29.8 86.6
Age <65 (n=179) 14.5 50.0 87.6 38.5 91.2
Age <50 (n=92) 13.0 41.7 90.0 38.5 91.1
Age <65 and no COPD (n=161) 13.7 40.9 87.9 34.6 90.5
COPD (n=83) 18.1 53.3 57.4 21.6 84.8
Asthmatic (n=46) 15.2 42.9 92.3 50.0 90.0
Care home resident (n=59) 271 56.3 60.5 34.8 78.8

CC: critical care; PPV: positive predictive value; NPV: negative predictive value; COPD: chronic obstructive pulmonary disease.
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Table 4. Value of low oxygen saturations in predicting
outcome.

Sp02 >90% Sp02<90% p value
(n=336) (n=131)
Inpatient death by 30 days (%) 6.8 19.1 <0.001
Critical care admission (%) 7.4 15.3 0.01
MV (%) 1.8 53 0.04
Median LOS in days (IQR) 6.56 (8.54) 9.75(10.33) <0.001

CC: admission to any critical care area. MV: mechanical ventilation.
LOS: length of hospital stay. IQR: interquartile range.

Discussion

This study explored the utility of pulse oximetry in predicting
outcome for patients admitted to hospital with CAP. Increasing
levels of hypoxaemia were found to be significantly associated
with higher odds of either 30-day mortality or critical care
admission, even after adjustment for disease severity using the
CRB-65 score. This is consistent with findings from a US CAP
cohort that also demonstrated an association between low SpO2
levels measured on admission and a higher 30-day mortality and
incidence of admission to critical care.® Compared to other
threshold levels of hypoxaemia, SpO2 <90% was found in a
significant proportion of patients admitted with CAP (28%)
whilst retaining a reasonably good specificity (76%) for 30-day
mortality or critical care admission. The specificity for adverse
outcomes was particularly good when applied to patients with
asthma (92%) and those who were <50 years old (90%).
Proposed practical use of pulse oximeters

Measures of SpO2 are increasingly being utilised by general
practitioners as the “fifth vital sign”.”" Various possible
interpretations of this sign are that “high” SpO2 levels might be
reassuring in a patient who would otherwise cause clinical
concern, or that “low” SpO; levels predict higher severity and
therefore need for admission to hospital. The results from this
study suggest that a threshold of 5,02 <90% may be used to
“rule in” high severity CAP, even in patients that do not meet the
high severity criteria of clinical scores such as CRB-65. This would
apply especially to younger patients, those with asthma, or those
without pre-existing significant lung disease. However, the poor
sensitivity of hypoxaemia in the identification of patients at risk of
adverse outcomes means that pulse oximetry cannot be relied
upon as the sole means of severity assessment in CAP. In
particular, it means that it is not possible to “rule out” an adverse
outcome in a normoxaemic patient with CAP. Instead, clinical
severity scores such as CRB-65 should remain the primary method
for severity assessment of CAP in primary care, with pulse
oximetry used as a secondary measure to inform clinical
judgment in those patients who are of clinical concern in the face
of a CRB-65 score of 0 or 1.

Mechanism of the association of hypoxaemia with
adverse outcomes

These data suggest that hypoxaemia should be considered
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separately to variables such as blood pressure, mental confusion
and respiratory rate which are incorporated into the CRB-65
score. The latter variables are closely linked to systemic disease
and sepsis (and therefore mortality) whereas hypoxaemia is a
disease- and organ-specific measure, primarily of the level of
shunt within the lungs. Physiological variables such as pulse,
blood pressure and respiratory rate are unaffected by substantial
hypoxaemia in healthy volunteers,”? and correction of
hypoxaemia has no influence on outcome either in a post-
operative setting® or in moderately hypoxaemic patients with
CAP treated with continuous positive airways pressure (CPAP).2
This may reflect the oxygen dissociation curve, which suggests
that oxygen delivery to the tissues is only compromised at levels
of SpO2 that are far lower than those associated with
hypoxaemia as recognised within current practice. Therefore it
may not be hypoxaemia per se that contributes to the adverse
outcome, but that low SpO2 levels allow identification of the sub-
group of patients who have severe single organ disease that falls
short of influencing the sepsis-driven variables identified by most
current severity scores. In patients with chronic respiratory disease
such as COPD, there is significant pre-existing ventilation/
perfusion mismatch which means that hypoxaemia is a feature of
“normal” physiology. Thus in these patients, a low SpOz is not
necessarily an acute pathological feature (in contrast to
confusion, high respiratory rates or hypotension), and might
explain why hypoxaemia was found to be less discriminatory for
clinical outcomes.

Study limitations

This study was performed in an exclusively hospitalised cohort of
patients and therefore raises questions regarding the applicability
of these data to a primary care population. However, only
patients whose admission SpO2 values were recorded on room air
were studied and it is likely that these values would have been
similar to values that might have been obtained in a primary care
environment. In addition, a wide range in SpOz levels, disease
severity and clinical outcomes were represented in the study
cohort. These features further increase the potential
generalisability of the results. We are unable to comment on
those patients with CAP who were not admitted to hospital, and
a further study involving such patients is warranted. This study
also allows no comment to be made concerning the value of
pulse oximetry in discriminating pneumonic from non-pneumonic
lower respiratory tract infection. A separate study in a cohort with
suspected CAP, which will potentially include patients with non-
pneumonic lower respiratory tract infection as well as other
diagnoses, is also of great interest and would be important to
enable the results of the current study to be applied more widely.

Conclusion

SpO2 <90% has good specificity but low sensitivity for
adverse outcomes in CAP, and therefore complements rather
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Difficulties encountered during this study:

e Applicability of a hospitalised cohort to a primary care
setting.

e Use of chest radiography as an inclusion criterion
maintains diagnostic certainty, but in the majority of cases
general practitioners rely on a clinical rather than
radiological diagnosis of CAP.

Alternative methodologies:
e A cohort study of all lower respiratory tract infection
presenting to primary care.

New questions arising from the study:
e What is the utility of pulse oximetry in patients with
non-pneumonic lower respiratory tract infection?

Lessons for clinical practice:
e Oxygenation assessment complements but does not
replace severity scoring with CRB-65.

than replaces clinical severity scoring tools. It is particularly
useful in patients with asthma or younger patients who do
not have chronic respiratory disease.
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