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Respiratory rate: the neglected vital sign
Michelle A Cretikos, Rinaldo Bellomo, Ken Hillman, Jack Chen, Simon Finfer and Arthas Flabouris

R

ecording a full set of vital signs (pulse rate, blood pressure,
respiratory rate and temperature) at least daily is considered standard for monitoring patients on acute hospital
wards. However, two recent multicentre studies found that the
level of documentation of vital signs in many hospitals is poor.1,2
Of the four vital signs, respiratory rate, in particular, is often not
recorded, even when the patient’s primary problem is a respiratory
condition.2-6 This is in spite of the fact that an abnormal respiratory rate has been shown to be an important predictor of serious
eventsThe
such
as cardiac arrest and admission to an intensive care
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Respiratory
rate as an indicator of serious illness
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In 1993, Fieselmann and colleagues reported that a respiratory
rate higher than 27 breaths/minute was the most important
predictor of cardiac arrest in hospital wards.7 Subbe and colleagues found that, in unstable patients, relative changes in
respiratory rate were much greater than changes in heart rate or
systolic blood pressure, and thus that the respiratory rate was
likely to be a better means of discriminating between stable
patients and patients at risk.9 Goldhill and colleagues reported
that 21% of ward patients with a respiratory rate of 25–
29 breaths/minute assessed by a critical care outreach service
died in hospital.8 Those with a higher respiratory rate had an
even higher mortality rate.8 In another study, just over half of all
patients suffering a serious adverse event on the general wards
(such as a cardiac arrest or ICU admission) had a respiratory rate
greater than 24 breaths/minute. These patients could have been
identified as high risk up to 24 hours before the event with a
specificity of over 95%.10
What respiratory rate threshold value merits action?
Among the systems used to activate medical emergency response
teams, such as outreach and medical emergency teams, the
definition of an “abnormal” respiratory rate for adults varies from
over 14 to over 36 breaths/minute.1,9 Some investigators have
relied on an “abnormal breathing indicator” or dyspnoea as a
surrogate for tachypnoea when the respiratory rate was not
recorded.3,11 Recent evidence suggests that an adult with a respiratory rate of over 20 breaths/minute is probably unwell, and an
adult with a respiratory rate of over 24 breaths/minute is likely to
be critically ill.3,7-10,12,13
Why is respiratory rate so important?
Alveolar ventilation (a product of respiratory rate and tidal volume) is normally carefully controlled by the actions of central and
peripheral chemoreceptors and lung receptors.14 Ventilation is
driven by both the arterial partial pressure of oxygen (PaO2) and
the arterial partial pressure of carbon dioxide (PaCO2), with PaCO2
being the most important driver.14 The body attempts to correct
hypoxaemia and hypercarbia by increasing both tidal volume and
respiratory rate. Thus these conditions can be detected by measuring the respiratory rate.

ABSTRACT
• The level of documentation of vital signs in many hospitals is
extremely poor, and respiratory rate, in particular, is often not
recorded.

• There is substantial evidence that an abnormal respiratory
rate is a predictor of potentially serious clinical events.

• Nurses and doctors need to be more aware of the importance
of an abnormal respiratory rate as a marker of serious illness.

• Hospital systems that encourage appropriate responses to an
elevated respiratory rate and other abnormal vital signs can
be rapidly implemented. Such systems help to raise and
sustain awareness of the importance of vital signs.
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Importantly, any condition that causes metabolic acidosis, such
as abdominal pathology or sepsis, will also precipitate an increase
in tidal volume and respiratory rate through an increased concentration of hydrogen ions, which leads to increased CO2 production.14 In addition, any other condition that causes hypercarbia or
hypoxia will also increase alveolar ventilation.14 In effect, the
respiratory rate is an important indicator of a severe derangement
in many body systems, not just the respiratory system, and is
therefore a key predictor of adverse events.
It is important to note that not all causes of hypoxia and
hypercarbia result in an increase in tidal volume and respiratory
rate. Medications such as opiates, which are commonly used in
hospitals, depress the respiratory drive and the respiratory
response to hypoxia and hypercarbia. In these circumstances the
respiratory rate can still be a useful tool to monitor for an adverse
event, as the respiratory rate may be lowered, often in association
with a reduced level of consciousness.
Respiratory rate and pulse oximetry
While the introduction of pulse oximetry was a major advance in
bedside monitoring, it still suffers from a number of practical
drawbacks. These include poor understanding of the purpose and
correct use of pulse oximetry among nurses and junior doctors.1517
Recent surveys have found that only 56% of nurses understood
that pulse oximetry is not an indicator of adequate ventilation, and
only 14% of doctors and nurses acknowledged that an arterial
blood gas measurement is needed to identify hypercarbia.15,16
Pulse oximetry may be inaccurate for a number of reasons,
including reduced perfusion at the site of measurement, as in
hypothermia or shock.18
Pulse oximetry measurement has not been demonstrated to be a
specific indicator of serious illness, and there is evidence that it
lacks specificity.3,12 Reduced arterial haemoglobin saturation is
common in hospitalised adults, with saturations of between 90%
and 95% occurring in up to 37% of patients and saturations of less
than 90% occurring in about 11% of patients.13
Measuring arterial haemoglobin saturation through pulse oximetry alone does not constitute adequate monitoring of ventila-
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Respiratory rate: summary of evidence and
recommendations

• Respiratory rate is the vital sign least often recorded and most
frequently completely omitted from hospital documentation.

• A raised respiratory rate is a strong and specific predictor of
serious adverse events such as cardiac arrest and unplanned
intensive care unit admission.

• Pulse oximetry measurement is not a replacement for respiratory
rate measurement.

• All staff should be educated to measure the respiratory rate as an
easy and specific assessment for critical illness, and should be
given guidance on appropriate action to be taken when
abnormally high respiratory rates are recorded.

• Hospital systems that encourage appropriate responses to a
raised respiratory rate and other abnormal vital signs can be
readily and rapidly implemented. Such systems help to raise and
sustain awareness of the importance of vital signs.
◆

tion. As discussed above, measurement of the respiratory rate
provides information that pulse oximetry cannot provide. The two
measurements are complementary and should not be substituted
for one another.
Education
The lack of understanding of the purpose of pulse oximetry may
be indicative of a broader lack of understanding of acute medicine
by both nurses and junior medical staff.17 The importance of
education and re-education of hospital staff cannot be overstated.
Basic educational resources such as medical textbooks may
contribute to under-appreciation of the importance of the respiratory rate. Despite the fact that a raised respiratory rate is associated
with life-threatening conditions such as shock and cardiac failure,
a recent study found that only four out of 30 medical textbooks
examined emphasised the importance of the respiratory rate as a
vital sign in adults.19 One text even stated that “counting the
respiratory rate is a traditional nursing observation, yet the precise
rate is rarely of practical importance”.19
Solutions and recommendations
It is possible for hospitals to systematically improve the frequency
of recording of respiratory rates. One study found that, before the
introduction of an early warning scoring system and new charts for
vital signs, only 30% of ward patients had their respiratory rate
recorded at least once a day. At follow-up one year later, this had
improved to 90%.4 Another study that introduced a similar system
reported improvements in documentation of vital signs, along with
improved confidence of nurses in assessing and prioritising
patients.5 These systems have also recently been recommended by
the National Institute for Health and Clinical Excellence in the
United Kingdom.20 Attention to other organisational factors may
also be important in optimising recording of respiratory rates.6
Measurement of the respiratory rate does not require complex
technology. In view of the strong evidence that it is an underrecognised and under-recorded but specific and useful marker for
patients at risk of serious adverse events (Box), we suggest that:
• nurses and doctors, both before and after graduation, should be
educated to appreciate that the respiratory rate is an easily
obtained, useful marker for risk of serious adverse events;
658

• all hospital staff should be advised that measuring pulse
oximetry is not a replacement for measuring respiratory rate;
• the respiratory rate should be measured and documented
accurately in all hospital patients at least once a day, and should
always be documented when other vital signs are measured;
• hospitals should consider implementing systems for monitoring and responding to patients’ vital signs in order to improve
compliance with recommendations for respiratory rate documentation;
• respiratory rate and other vital signs should be measured more
frequently in patients who are unstable, or in adult patients whose
respiratory rate is greater than 20 breaths/minute;
• adult general ward patients with a respiratory rate greater than
24 breaths/minute should be monitored closely and reviewed
regularly, even if the other vital signs are normal;
• a patient with a respiratory rate greater than 27 breaths/minute
should receive immediate medical review; and
• patients with a respiratory rate greater than 24 breaths/minute,
in combination with other evidence of physiological instability (eg,
hypotension or a reduced level of consciousness), should also
receive immediate medical review.
The importance of an abnormal respiratory rate as a marker of
serious illness must be emphasised when educating both nurses
and doctors. The level of documentation of the respiratory rate is
currently poor, but can be markedly improved through the use of
education, “track and trigger” systems (such as the early warning
scoring system), and improved vital signs charts. Regular monitoring and documentation of the respiratory rate, along with education on appropriate action when the respiratory rate is abnormal,
may help to identify and manage patients at risk and thereby
reduce the incidence of serious adverse events.
Competing interests
None identified.

Author details
Michelle A Cretikos, MB BS, MPH, PhD, Public Health Officer1
Rinaldo Bellomo, MD, FJFICM, Professor of Intensive Care and Director
of Intensive Care Research2
Ken Hillman, MB BS, FRCA, FJFICM, Professor of Intensive Care3
Jack Chen, MB BS, MBA, Senior Research Fellow3
Simon Finfer, MB BS, MRCP, FRCA, Senior Specialist and Clinical
Associate Professor4
Arthas Flabouris, MB BS, FANZCA, FJFICM, Intensive Care Consultant 5
1 Centre for Epidemiology and Research, NSW Health, Sydney, NSW.
2 Department of Intensive Care, Austin Hospital, Melbourne, VIC.
3 Simpson Centre for Health Services Research, University of New South
Wales, Sydney, NSW.
4 Intensive Therapy Unit, Royal North Shore Hospital, University of
Sydney, Sydney, NSW.
5 Intensive Care Unit, Royal Adelaide Hospital, University of Adelaide,
Adelaide, SA.
Correspondence: mcretikos@optusnet.com.au

References
1 Hillman K, Chen J, Cretikos M, et al; MERIT study investigators. Introduction of the medical emergency team (MET) system: a cluster randomised
controlled trial. Lancet 2005; 365: 2091-2097.
2 National Confidential Enquiry into Patient Outcome and Death. An acute
problem? London: NCEPOD, 2005. http://www.ncepod.org.uk/2005.htm
(accessed October 2007).

MJA • Volume 188 Number 11 • 2 June 2008

F O R D EB A T E

3 Hodgetts TJ, Kenward G, Vlachonikalis IG, et al. The identification of risk
factors for cardiac arrest and formulation of activation criteria to alert a
medical emergency team. Resuscitation 2002; 54: 125-131.
4 McBride J, Knight D, Piper J, et al. Long-term effect of introducing an
early warning score on respiratory rate charting on general wards.
Resuscitation 2005; 65: 41-44.
5 Ryan H, Cadman C, Hann L. Setting standards for assessment of ward
patients at risk of deterioration. Br J Nurs 2004; 13: 1186-1190.
6 Hogan J. Why don’t nurses monitor the respiratory rates of patients? Br J
Nurs 2006; 15: 489-492.
7 Fieselmann JF, Hendryx MS, Helms CM, et al. Respiratory rate predicts
cardiopulmonary arrest for internal medicine patients. J Gen Intern Med
1993; 8: 354-360.
8 Goldhill DR, McNarry AF, Mandersloot G, et al. A physiologically-based
early warning score for ward patients: the association between score and
outcome. Anaesthesia 2005; 60: 547-553.
9 Subbe CP, Davies RG, Williams E, et al. Effect of introducing the Modified
Early Warning score on clinical outcomes, cardio-pulmonary arrests and
intensive care utilisation in acute medical admissions. Anaesthesia 2003;
58: 797-802.
10 Cretikos M, Chen J, Hillman K, et al. The Objective Medical Emergency
Team Activation Criteria: a case–control study. Resuscitation 2007; 73:
62-72.

11 Schein RM, Hazday N, Pena M, et al. Clinical antecedents to in-hospital
cardiopulmonary arrest. Chest 1990; 98: 1388-1392.
12 Goldhill DR, McNarry AF. Physiological abnormalities in early warning
scores are related to mortality in adult inpatients. Br J Anaesth 2004; 92:
882-884.
13 Harrison GA, Jacques TC, Kilborn G, et al. The prevalence of recordings
of the signs of critical conditions and emergency responses in hospital
wards — the SOCCER study. Resuscitation 2005; 65: 149-157.
14 West JB. Respiratory physiology: the essentials. 4th ed. Baltimore:
Williams and Wilkins, 1990.
15 Attin M, Cardin S, Dee V, et al. An educational project to improve
knowledge related to pulse oximetry. Am J Crit Care 2002; 11: 529-534.
16 Bilgin H, Kutlay O, Cevheroglu D, et al. Knowledge about pulse oximetry
among residents and nurses. Eur J Anaesthesiol 2000; 17: 650-651.
17 Smith GB, Poplett N. Knowledge of aspects of acute care in trainee
doctors. Postgrad Med J 2002; 78: 335-338.
18 Jubran A. Pulse oximetry. Crit Care 1999; 3: R11-R17.
19 Cook C, Smith G. Do textbooks of clinical examination contain information regarding the assessment of critically ill patients? Resuscitation 2004;
60: 129-136.
20 Armitage M, Eddleston J, Stokes T, et al. Recognising and responding to
acute illness in adults in hospital: summary of NICE guidance. BMJ 2007;
335: 258-259.
(Received 7 Sep 2007, accepted 2 Dec 2007)

MJA • Volume 188 Number 11 • 2 June 2008

❏

659

