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Abstract: Respiratory compromise is a clinically important complication of anaesthesia and procedural
sedation. Hypoventilation, apnea, upper-airway obstruction, bronchospasm, airway-device displacement
and breathing-system disconnection can progress to hypoxaemia and cardiovascular instability if not
recognized promptly. Pulse oximetry remains essential for oxygenation monitoring, but supplemental
oxygen may delay desaturation during impaired ventilation. Capnography continuously measures exhaled
carbon dioxide and displays a waveform, providing direct information about ventilation, airway patency and
respiratory pattern. This paper reviews the clinical role of capnography in early recognition of respiratory
compromise during anaesthesia and proposes a prospective observational methodology for evaluating its
usefulness in an operating-theatre setting. Evidence from systematic reviews and meta-analyses indicates
that capnography improves detection of respiratory depression during procedural sedation and can identify
ventilatory events earlier than standard monitoring in selected settings. Current professional monitoring
guidance supports waveform capnography during general anaesthesia and appropriate recovery and sedation
contexts. Capnography should nevertheless be interpreted with pulse oximetry, clinical examination and
haemodynamic monitoring rather than used as a standalone safety system. Anaesthesia technologists have
an important role in equipment preparation, sampling-line integrity, alarm verification, waveform
surveillance and communication of abnormalities.

Index Terms - Capnography, end-tidal carbon dioxide, ETCO., anaesthesia, respiratory compromise,
hypoventilation, airway obstruction, anaesthesia technology, patient safety.

I. INTRODUCTION
Safe anaesthesia depends on continuous recognition of changes in airway patency, ventilation, oxygenation
and circulation. Respiratory compromise may result from pharmacological depression of respiratory drive,
loss of upper-airway tone, residual neuromuscular blockade, airway-device problems, bronchospasm or
technical failures in the breathing system. Early recognition is important because ventilation may deteriorate
before clinically obvious oxygen desaturation occurs.
Capnography is the continuous measurement and graphical display of carbon dioxide in respiratory gas. The
end-tidal carbon dioxide (ETCO2) value, measured near the end of expiration, provides an estimate of
alveolar carbon dioxide under appropriate physiological conditions. The capnogram also contains temporal
information about inspiration and expiration, making waveform interpretation useful for detecting apnea,
obstruction, rebreathing, disconnection and changes in ventilation.
Professional anaesthesia monitoring guidance recommends waveform capnography as an important
component of monitoring during general anaesthesia and in appropriate sedation and recovery settings.
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I1. CLINICAL SIGNIFICANCE AND RATIONALE

The principal safety advantage of capnography is that it monitors ventilation rather than oxygenation alone.
During supplemental oxygen administration, a patient may have inadequate ventilation while maintaining a
relatively preserved oxygen saturation for a period of time. Capnography can therefore provide an earlier
warning of respiratory depression.

Evidence from procedural-sedation literature supports this role. Meta-analytic studies have reported
increased detection of respiratory depression and earlier recognition of apnea when capnography is added
to standard monitoring. More recent postoperative evidence supports improved recognition of respiratory
events but remains less conclusive regarding hard outcomes such as intensive-care transfer, reintubation or
mortality.

Capnography should consequently be regarded as a complementary monitoring modality. Its greatest value
is achieved when waveform trends are interpreted with pulse oximetry, respiratory rate, airway assessment,
haemodynamic status and the clinical context.

I11. PRINCIPLES OF CAPNOGRAPHY
Capnography may be mainstream or sidestream. Mainstream systems measure carbon dioxide close to the
airway, whereas sidestream systems aspirate a small gas sample through a sampling line to a sensor within
the monitor. The choice depends on the clinical setting, airway interface and monitoring system.
A typical capnogram contains four phases. Phase | represents inspiratory and anatomical dead-space gas;
Phase 11 represents transition from dead-space to alveolar gas; Phase Il represents the alveolar plateau; and

the inspiratory downstroke marks the beginning of the next respiratory cycle. ETCO: is obtained near the
end of Phase IlI.

Normal capnogram
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Figure 1. Normal capnogram.
IV. CAPNOGRAPHIC IDENTIFICATION OF RESPIRATORY COMPROMISE

Capnographic finding Possible interpretation Clinical response
Rising ETCO: Hypoventilation, rebreathing or Assess ventilation, circuit and
increased CO: production clinical condition
Falling ETCO: Hyperventilation, reduced Check patient, circulation,
pulmonary blood flow, airway and equipment
disconnection or sampling
problem
Loss of waveform Apnea, disconnection, Immediately assess patient and
extubation, obstruction or breathing system
sampling failure
Sloping waveform Airflow obstruction or Assess airway and ventilation
bronchospasm
Elevated baseline Rebreathing or incomplete CO: Check circuit, absorber and
washout fresh-gas flow
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V. CAPNOGRAPHY COMPARED WITH CONVENTIONAL MONITORING

Method Primary information Strength Limitation
Pulse oximetry Oxygen saturation Essential oxygenation May lag during
surveillance supplemental oxygen
Respiratory rate Breathing frequency Simple and widely Does not reliably
available quantify ventilation
Clinical observation Airway/chest Immediate bedside Subjective and
movement assessment sometimes difficult
Capnography Ventilation, waveform Continuous early Needs equipment and
and ETCO: ventilation warning interpretation

VI. REVIEW OF EVIDENCE

Waugh, Epps and Khodneva reported in a meta-analysis of procedural sedation studies that capnography
enhanced surveillance of respiratory events. The findings support the use of capnography as an additional
method for detecting respiratory depression that may not yet have produced clinically obvious oxygen
desaturation.

Lam and colleagues subsequently reviewed continuous pulse oximetry and capnography for postoperative
respiratory depression. Their findings supported increased detection of respiratory events with continuous
monitoring, while also demonstrating uncertainty about major downstream clinical outcomes.

Khanna and colleagues' 2024 systematic review and meta-analysis examined continuous pulse oximetry and
capnography monitoring for postoperative respiratory events. The review supported improved surveillance
but highlighted heterogeneity and limited evidence for outcomes such as ICU transfer and reintubation.
These findings indicate that capnography has a strong role in early detection, but the effect on major patient
outcomes requires further prospective, adequately powered research.

VII. AIM AND OBJECTIVES
Aim: To evaluate the role of waveform capnography in the early detection of respiratory compromise during
anaesthesia and to assess its contribution to perioperative patient safety.
1. To assess the ability of capnography to identify respiratory compromise at an early stage.
2. To document common ETCO: and waveform abnormalities during anaesthesia.
3. To compare the timing of respiratory-event recognition with standard clinical monitoring.
4. To record the frequency and type of airway or ventilation interventions following capnographic
abnormalities.
5. To evaluate the role of anaesthesia technologists in equipment readiness, monitoring and communication
of capnographic changes.

Vill. RESEARCH METHODOLOGY

Study design: A prospective observational study is proposed. The study may be conducted in an operation-
theatre complex and/or post-anaesthesia care unit after institutional ethical approval and informed-consent
procedures.

Population and sample: Adults aged 18 years or older undergoing elective procedures under general
anaesthesia and/or procedural sedation may be recruited according to predefined eligibility criteria. Sample
size should be calculated from the expected incidence of respiratory events and the primary time-to-
detection outcome before study initiation.

Data and sources: Patient monitoring data should be collected prospectively from the anaesthesia record and
capnography monitor. Variables may include age, sex, procedure, anaesthetic technique, airway device,
ETCO:., waveform abnormality, respiratory rate, SpO:, event time, intervention and outcome.

Primary outcome: Time from onset of a predefined respiratory event to recognition. Secondary outcomes
may include number and type of respiratory events, airway interventions, episodes of desaturation, assisted
ventilation and technical monitoring events.
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Proposed study methodology flowchart
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Figure 2. Proposed study methodology flowchart.

IX. INCLUSION AND EXCLUSION CRITERIA

Inclusion criteria: Adults aged >18 years; elective surgical/procedural patients receiving general anaesthesia
or procedural sedation; patients for whom continuous capnography is clinically appropriate and available;
and patients meeting institutional consent and ethics requirements.

Exclusion criteria: Incomplete monitoring records; technical inability to obtain interpretable capnography;
cases in which emergency resuscitation prevents collection of baseline study variables; and any additional
criterion approved by the institutional ethics committee.

X. ROLE OF THE ANAESTHESIA TECHNOLOGIST

The anaesthesia technologist contributes to safe capnography by checking the monitor or module, sampling
line, airway connection and alarm function before induction or sedation. During the procedure, the
technologist supports continuous observation of ETCO. and waveform trends, identifies sudden loss or
distortion of the waveform, investigates equipment-related causes and communicates clinically significant
findings to the anaesthesia team. During emergence and recovery, monitoring continuity and airway-device
connections should be maintained.

XI. ADVANTAGES AND LIMITATIONS

Advantages include continuous ventilation surveillance, early warning of apnea and hypoventilation,
waveform-based recognition of obstruction, support for airway-device confirmation, and detection of
disconnection and rebreathing patterns.

Limitations include sampling-line obstruction or condensation, poor interface seal, low tidal volume, rapid
breathing, equipment malfunction and interpretation errors. ETCO. may differ from arterial PaCO: in some
physiological states because of ventilation-perfusion abnormalities and other factors. Capnography therefore
does not replace clinical assessment or other monitoring.

XI1. DISCUSSION

The evidence reviewed supports capnography as a valuable addition to perioperative respiratory monitoring
because it observes exhaled carbon dioxide and provides a waveform rather than relying on oxygenation
alone. This is particularly relevant when supplemental oxygen is used, because oxygen saturation may
remain relatively preserved despite inadequate ventilation.

Capnography also provides diagnostic information through waveform morphology. Sudden loss of the
waveform can indicate apnea or a technical problem; a rising ETCO: may suggest hypoventilation; an
elevated baseline can suggest rebreathing; and a sloping expiratory phase can suggest airflow obstruction.
Interpretation must always consider the patient, airway device, breathing system and circulation.

The literature does not justify claiming that capnography alone prevents all serious perioperative outcomes.
Instead, its most defensible role is as an early-warning component of a multimodal safety system. Future
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prospective studies should use standardized event definitions and measure time-to-detection, interventions
and clinically meaningful outcomes.

X11l. RECOMMENDATIONS
1. Use continuous waveform capnography during general anaesthesia when clinically appropriate and
available.
2. Use capnography during moderate or deep procedural sedation according to patient and procedure risk
and local policy.
3. Treat sudden waveform disappearance as a potentially important event until patient and equipment causes
are assessed.
4. Continue pulse oximetry and clinical observation alongside capnography.
5. Provide structured education in waveform interpretation for anaesthesia technologists and relevant
clinical staff.
6. Standardize equipment checks, sampling-line management and alarm verification before procedures.
7. Conduct prospective research using predefined respiratory-event definitions and time-to-detection
outcomes.

XIV. CONCLUSION

Capnography is an important technology for early recognition of respiratory compromise during anaesthesia
and sedation. Continuous ETCO: measurement and waveform display provide information about ventilation
and airway function that complements oxygen saturation monitoring. Available evidence demonstrates
improved detection of respiratory depression and, in procedural sedation, improved recognition of
hypoventilation and apnea. However, evidence for reductions in major downstream outcomes remains less
certain. Capnography should therefore be implemented as part of a multimodal patient-safety strategy.
Anaesthesia technologists have a key role in equipment readiness, signal integrity, alarm functionality,
waveform surveillance and timely communication.
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