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RATIONALE AND POLICY ISSUES 

End-tidal carbon dioxide (ETCO2) is the level of carbon dioxide that is released at the end of an 
exhaled breath. ETCO2 levels reflect the adequacy with which CO2 is carried in the blood back 
to the lungs and exhaled. Available evidence has established that ETCO2 measurement can 
provide an indication of cardiac output and pulmonary blood flow.1-3 Non-invasive methods for 
ETCO2 measurement include capnometry and capnography. Capnometry provides a numerical 
value for ETCO2. In contrast, capnography delivers a more comprehensive measurement that is 
displayed in both graphical (waveform) and numerical form. For this reason, capnography is 
currently the most widely recommended method for monitoring ETCO2

4-7 and will be the focus of 
this health technology assessment (HTA). 
 
Capnography devices are configured as either sidestream or mainstream. In a sidestream 
configuration, the CO2 sensor is located in the monitoring device, which is at a distance from the 
patient. The exhaled CO2 is diverted from the airway into the device via a sampling tube of six to 
eight feet in length, which is attached to the breathing circuit fitted to the patient. In the case of a 
mainstream configuration, the CO2 sensor and a sampling cell are integrated into a small device 
that connects directly at the airway, between the breathing circuit and endotracheal tube. 
Sidestream devices can monitor both intubated and non-intubated patients, while mainstream 
devices can be used only on intubated patients.8,9 Sidestream measurement has been the most 
common type of ETCO2 measurement modality in Canadian facilities, even as a number of new, 
innovative, and ultraportable mainstream capnography devices are becoming available. 
Whether sidestream or mainstream, capnography devices are available as hand-held portable 
devices or as a module or component integrated into other medical equipment, such as 
defibrillators, anesthesiology machines, and patient monitoring systems. 
 
By using capnography, a patient’s ventilation status is monitored in real time. Health care 
providers are able to identify potential breathing complications such as airway obstruction, 
hyperventilation, hypoventilation, or apnea, and respond accordingly with a change in clinical 
management (for example, providing supplemental oxygen or reassessing the patient).10-12 
Detecting issues at an early stage prompts timely intervention at the onset of an adverse 
respiratory event, which can help to avoid deterioration to a more critical, or fatal, point. A 2011 
audit of major airway management complications in the United Kingdom (UK) estimated that 
82% of events resulting in deaths or brain injuries in the intensive care unit (ICU) likely ensued 
from failure to use capnography in relevant cases.13 The same audit concluded that half of the 
deaths that occurred in UK emergency departments could have been avoided had capnography 
been correctly used and interpreted.13 However, if capnography is used or interpreted 
incorrectly, the falsely high or falsely low readings15 may potentially lead to unnecessary patient 
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interventions.16 Capnography may also capture an otherwise self-resolving incident of 
respiratory depression,14 which might also lead to unnecessary interventions. 
 
ETCO2 monitoring using capnography devices has application across several hospital and pre-
hospital settings and, depending on the clinical area, the technology is at various stages of 
adoption. Anesthesiologists have been using capnography for decades to monitor ETCO2 in 
patients receiving general anesthesia.17 The monitoring devices help to prevent or reduce 
adverse events such as otherwise undetected respiratory depression and hypoxia.18-20 In 2012, 
the Canadian Anesthesiologists’ Society (CAS) updated its guidelines to make capnography 
part of the standard of care in the practice of anesthesia in Canada. Specifically, the CAS 
guidelines require continuous use of capnography in monitoring patients during general 
anesthesia and sedation that corresponds to levels 4 through 6 on the Ramsay Sedation Scale.6 
Despite strong clinical evidence for the use of capnography in general anesthesia and moderate 
to deep sedation, preliminary scoping discussions suggested that there may be a low rate of 
access or use of this technology in Canada. 
 
More recently, advances in both technology and scientific understanding of the value of ETCO2 
monitoring, particularly capnography, have expanded its use beyond anesthesiology. 
Capnography is also used to monitor the effectiveness of cardiopulmonary resuscitation (CPR) 
in patients with cardiac arrest,7,21 for continuous monitoring of patients in the emergency room,10 
in the ICU,22,23 or during ambulatory transport, and to confirm the correct placement of an 
endotracheal tube.23-26 The American Heart Association’s Advanced Cardiovascular Life 
Support (ACLS) guidelines, for example, now carry recommendations for the use of quantitative 
waveform capnography during CPR.4,27,28 Emerging evidence and expert recommendations also 
suggest that capnography may be valuable in the early post-operative period.29-31 Post-operative 
patients, especially those with a known history of obstructive sleep apnea or who are receiving 
high doses of opioids for the management of pain, are at an increased risk of adverse 
respiratory events. Some experts believe that monitoring ventilation with ETCO2 measurement 
in addition to pulse oximetry could improve patient safety and post-operative clinical 
outcomes.30,32 
 
The growing utility of ETCO2 monitoring technology in diverse clinical settings, uncertainty 
regarding the clinical and cost-effectiveness of capnography devices, and access and 
implementation issues were the main drivers for an HTA. The objective of the CADTH HTA is to 
assess the clinical and cost-effectiveness of capnography (alone or in combination with other 
monitoring equipment) compared with no ETCO2 monitoring, standard monitoring (for example, 
pulse oximetry, pulse rate, blood pressure, visual assessment), or other forms of non-invasive 
respiration and ventilation monitoring in hospital or pre-hospital settings for patients who are 
undergoing procedural sedation, receiving CPR, in serious or critical condition, or post-operative 
patients with known sleep apnea and/or receiving high opioid doses. Access and 
implementation issues associated with capnography will also be evaluated and discussed. 
 
RESEARCH QUESTIONS 

The HTA will address the following research questions. 

Clinical research questions: 
1. For adult patients undergoing procedural sedation, what is the clinical effectiveness of 

monitoring ETCO2 using capnography compared with no ETCO2 monitoring, standard 
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monitoring, or other forms of non-invasive respiration and ventilation monitoring in hospital 
settings? 

2. For pediatric patients undergoing procedural sedation, what is the clinical effectiveness 
of monitoring ETCO2 using capnography compared with no ETCO2 monitoring, standard 
monitoring, or other forms of non-invasive respiration and ventilation monitoring in hospital 
settings? 

3. For adult patients receiving CPR, what is the clinical effectiveness of monitoring ETCO2 
using capnography compared with no ETCO2 monitoring, standard monitoring, or other 
forms of non-invasive respiration and ventilation monitoring in hospital or pre-hospital 
settings? 

4. For pediatric patients receiving CPR, what is the clinical effectiveness of monitoring 
ETCO2 using capnography compared with no ETCO2 monitoring, standard monitoring, or 
other forms of non-invasive respiration and ventilation monitoring in hospital or pre-hospital 
settings? 

5. For adult patients in serious or critical condition, what is the clinical effectiveness of 
monitoring ETCO2 using capnography compared with no ETCO2 monitoring, standard 
monitoring, or other forms of non-invasive respiration and ventilation monitoring in hospital 
or pre-hospital settings? 

6. For pediatric patients in serious or critical condition, what is the clinical effectiveness of 
monitoring ETCO2 using capnography compared with no ETCO2 monitoring, standard 
monitoring, or other forms of non-invasive respiration and ventilation monitoring in hospital 
or pre-hospital settings? 

7. For post-operative adult patients with known obstructive sleep apnea and/or who are 
receiving high opioid doses, what is the clinical effectiveness of monitoring ETCO2 using 
capnography compared with no ETCO2 monitoring, standard monitoring, or other forms of 
respiration and ventilation monitoring in hospital settings? 

8. For post-operative pediatric patients with known obstructive sleep apnea and/or who are 
receiving high opioid doses, what is the clinical effectiveness of monitoring ETCO2 using 
capnography compared with no ETCO2 monitoring, standard monitoring, or other forms of 
respiration and ventilation monitoring in hospital settings? 

Economic research questions: 
9. For adult patients, what is the cost-effectiveness of monitoring ETCO2 using capnography 

compared with no ETCO2 monitoring, standard monitoring, or other forms of non-invasive 
respiration and ventilation monitoring in patients who are undergoing procedural sedation, 
receiving CPR, in serious or critical condition, or post-operatively in patients with known 
obstructive sleep apnea and/or receiving high opioid doses in hospital or pre-hospital 
settings? 
 

10. For pediatric patients, what is the cost-effectiveness of monitoring ETCO2 using 
capnography compared with no ETCO2 monitoring, standard monitoring, or other forms of 
non-invasive respiration and ventilation monitoring in patients who are undergoing 
procedural sedation, receiving CPR, in serious or critical condition, or post-operatively in 
patients with known obstructive sleep apnea and/or receiving high opioid doses in hospital 
or pre-hospital settings? 
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Supplementary Questions: 

• What are the implementation considerations (for example, access, training, technical 
support, policies, and procedures) for ETCO2 monitoring using capnography in hospital and 
pre-hospital settings? 

 
Questions 1 to 8 will be addressed in a clinical systematic review and questions 9 and 10 will be 
addressed through an economic evaluation. The supplementary question related to 
implementation considerations will be addressed separately with targeted searching. Inputs 
relevant to the economic model(s) will be addressed throughout the clinical review. 
 
METHODS — CLINICAL REVIEW 

CADTH will conduct a systematic review of the literature to assess the clinical effectiveness of 
capnography compared with no ETCO2 monitoring, standard monitoring, or other forms of non-
invasive respiration and ventilation monitoring in hospital or pre-hospital settings for patients 
who are undergoing procedural sedation, receiving CPR, in serious or critical condition, or post-
operative patients with known sleep apnea and/or who are receiving high opioid doses. 
 
Search Strategy 
The literature search will be performed by an information specialist using a peer-reviewed 
search strategy according to the PRESS checklist.33 Published literature will be identified by 
searching the following bibliographic databases: MEDLINE (1946–) with in-process records and 
daily updates via Ovid; Embase (1980–) via Ovid; the Cochrane Library via Wiley; and PubMed. 
The search strategy will consist of both controlled vocabulary, such as the National Library of 
Medicine’s MeSH (Medical Subject Headings), and keywords. The main search concepts will 
include ETCO2, capnography, capnometry, carbon dioxide monitoring, procedural sedation, 
CPR, critical care, post-operative, and hospital and pre-hospital. 

No methodological filters will be applied to limit retrieval by study design. Where possible, 
retrieval will be limited to the human population. Retrieval will be limited to literature written in 
the English language and published between January 1, 2005 and July 31, 2015. A 10-year 
time frame for the literature search is based on consensus with content experts and is believed 
to be sufficient given the evolving nature of the technology and its comparators. Conference 
abstracts will be excluded from the search results. Theses and dissertations will also be 
excluded. Regular alerts will be established to update the search until the publication of the final 
report. Regular search updates will be performed on databases that do not provide alert 
services. 

Grey literature (literature that is not commercially published) will be identified by searching 
sources identified in the Grey Matters checklist (www.cadth.ca/resources/finding-evidence/grey-
matters-practical-search-tool-evidence-based-medicine), which includes the websites of clinical 
trial registries, regulatory agencies, HTA agencies, clinical guideline repositories, and 
professional associations. Google and other Internet search engines will be used to search for 
additional Web-based materials. These searches will be supplemented by reviewing the 
bibliographies of key papers and through contacts with appropriate experts and industry. 

Selection Criteria 
The eligibility criteria for the clinical research questions (1 to 8) are reported in TABLE 1. It is 
anticipated that due to the nature of the intervention and CADTH’s interest in the evidence for 

file://cadth-shares/Proj-Ctrl_Intake/Active/HT0007%20End-Tidal%20CO2/3%20Protocol/Protocol%20document/1%20Draft%20protocol/Publishing/01%20Copy%20Edit/www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
file://cadth-shares/Proj-Ctrl_Intake/Active/HT0007%20End-Tidal%20CO2/3%20Protocol/Protocol%20document/1%20Draft%20protocol/Publishing/01%20Copy%20Edit/www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
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safety in addition to efficacy, there may be limited evidence in the form of randomized controlled 
trials (RCTs). Given these anticipated limitations, non-randomized study designs will also be 
considered in the review. 

TABLE 1: SELECTION CRITERIA FOR THE CLINICAL REVIEW 
 Research 

Questions 
1 & 2 

Research 
Questions 

3 & 4 

Research 
Questions 

5 & 6 

Research 
Questions 

7 & 8 
Populationa  Adult (aged                    

≥ 18 years) and 
pediatric patients 
who are sedated 
for the purposes of 
tolerating an 
interventional or 
diagnostic 
procedure.34 

Adult (aged                      
≥ 18 years) and 
pediatric patients 
who are 
experiencing 
cardiac arrest 
and/or absent or 
abnormal breathing 
for which CPR is 
being performed.35 

Adult (aged                         
≥ 18 years) and 
pediatric patients 
who are in serious 
or critical condition 
where vital signs 
are either unstable 
or may be unstable 
and are not within 
normal limits.36 

Adult (aged                       
≥ 18 years) and 
pediatric patients 
receiving post-
operative care with 
known obstructive 
sleep apnea and/or 
who are receiving 
high opioid doses. 

Intervention  ETCO2 monitoring using capnography (alone or in combination with other monitoring 
equipment) 

Comparators ‒ No ETCO2 monitoring 
‒ Standard monitoring (e.g., pulse oximetry, pulse rate, blood pressure, visual 

assessment) 
‒ Capnography (comparing between alternative types, such as fixed or portable) 
‒ capnometry 
‒ Exhaled CO2 detector 
‒ Esophageal detector device (for patients who are intubated) 

Outcomes 
 

Primary clinical 
effectiveness 
outcome: 
-  Detection of 

respiratory failure 
(hypoxemia or 
hypercapnia) 

 
Other clinical 
effectiveness 
outcomes: 
-  Detection of a 

respiratory event 
(i.e., 
hypoventilation, 
hyperventilation, 
apnea, airway 
obstruction) 

 
-  Time to detection 

of a respiratory 
event 

 
-  Change in clinical 

management (i.e., 
re-evaluate 
patients, avoid 

Primary clinical 
effectiveness 
outcome: 
-  Survival of acute 

event 
 
Other clinical 
effectiveness 
outcomes: 
-  Return of 

spontaneous 
circulation 

-  Effectiveness of 
chest 
compressions 

 
 
 
 
-  Detection of 

respiratory failure 
(hypoxemia or 
hypercapnia) 

 
-  Change in clinical 

management (i.e., 
continue or 

Primary clinical 
effectiveness 
outcome: 
-  Detection of 

respiratory failure 
(hypoxemia or 
hypercapnia) 

 
Other clinical 
effectiveness 
outcomes: 
-  Detection of a 

respiratory event 
(i.e., 
hypoventilation, 
hyperventilation, 
apnea, airway 
obstruction) 

 
-  Time to detection 

of a respiratory 
event 

 
-  Change in clinical 

management (i.e., 
re-evaluate 
patients, provide 

Primary clinical 
effectiveness 
outcome: 
-  Detection of 

respiratory failure 
(hypoxemia or 
hypercapnia) 

 
Other clinical 
effectiveness 
outcomes: 
-  Detection of a 

respiratory event 
(i.e., 
hypoventilation, 
hyperventilation, 
apnea, airway 
obstruction) 

 
-  Time to detection 

of a respiratory 
event 

 
-  Change in clinical 

management (i.e., 
re-evaluate 
patients, provide 
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 Research 
Questions 

1 & 2 

Research 
Questions 

3 & 4 

Research 
Questions 

5 & 6 

Research 
Questions 

7 & 8 
use of more 
sedative) 

 

withhold chest 
compressions, re-
evaluate patients) 

 

airway support) airway support) 

- Survival to hospital discharge 
- Discharge with full neurological functioning 
- Hypoxia 
- Organ damage 
- Length of stay in hospital 
- Correct placement of an endotracheal tubeb 

 
 

Harms: 
-  Displacement of a ventilation or intubation tubeb 
-  Adverse events related to the capnography device (i.e., misinterpretation of 

capnography readings, capnography device malfunction) 
Study Setting  Patients receiving 

care in hospital 
(emergency 
department, 
endoscopy suite, 
cancer ward) 

Patients receiving care in hospital or pre-
hospital settings. Pre-hospital settings 
include care provided by health care 
providers as first responders and during 
ambulatory transport 

Patients receiving 
care in hospital 

Study Design  Randomized controlled studies and non-randomized controlled studies (non-
randomized controlled trials, quasi-experimental studies, controlled before and after 
studies, cohort studies, case-control studies) 

CO2 = carbon dioxide; CPR = cardiopulmonary resuscitation; ETCO2 = end-tidal carbon dioxide. 
a Patients who may fall into more than one defined population will be included. 
b For patients who are intubated. 
 
Exclusion Criteria 
Duplicate publications, narrative reviews, case series, case reports, and editorials will be 
excluded. Multiple publications of the same trial (companion reports) will be excluded unless 
they provide additional outcome information of interest and fulfill the selection criteria listed in 
TABLE 1. Data extracted from companion reports will be used for supplementary material only 
and will be reported in the study flow diagram. Studies will be excluded if they do not meet the 
selection criteria, take place outside of the hospital or pre-hospital setting, or if preliminary 
results are reported only in abstract form. If the primary objective of the study was to assess the 
diagnostic accuracy of capnography (for example, in detecting the correct placement of an 
endotracheal tube, or to assess the agreement between ETCO2 and other measures of 
ventilation), without assessing the impact on clinical or patient management, the study will be 
excluded. Studies will be excluded if they are not published in English. 

Screening and Selecting Studies for Inclusion 
Two reviewers will independently screen the titles and abstracts of all citations retrieved from 
the literature search. Full-text articles of the studies remaining after the initial screen will be 
retrieved and independently reviewed based on the selection criteria. Any disagreements arising 
from the full-text screen will be resolved through discussion until consensus is reached. If 
necessary, disagreements will be resolved by referral to a third party. The study selection 
process will be presented in a PRISMA flowchart. Screening checklists for research questions 1 
to 8 can be found in APPENDIX 1: Full-Text Screening Checklist. 
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Data Extraction 
Data will be extracted independently by one reviewer and will be verified for accuracy and 
completeness by a second reviewer. Any disagreements will be resolved through discussion 
until consensus is reached. If necessary, disagreements will be resolved by referral to a third 
party. A Microsoft Excel spreadsheet will be used for data extraction for the clinical 
effectiveness review. Data extraction forms will be designed a priori to document and tabulate 
the description of the publications; relevant study characteristics; participant eligibility criteria; 
intervention characteristics; comparator characteristics; outcome characteristics; intervention 
and comparator group characteristics; and results, including primary analysis and results of any 
subgroup analyses. The utility of the data extraction forms will be pilot-tested by two reviewers. 
The data from two studies for each of the four populations will be extracted by each reviewer 
independently and then compared. Any disagreements will be resolved through discussion until 
consensus is reached. If necessary, amendments to the data extraction forms will be 
considered during pilot testing. Data from figures will not be used if the data points are not 
explicitly stated. If necessary, the reviewers will attempt to contact authors of included studies to 
provide any missing information, clarify any issues, or verify extracted data. Data extraction 
forms for research questions 1 to 8 can be found in APPENDIX 2: Data Extraction Form. 
 
Outcomes and Prioritization 
For research questions 1, 2, and 5 to 8, the primary outcome will be the detection of respiratory 
failure (i.e., hypoxemia or hypercapnia). Hypoxemia may be defined according to an oxygen 
saturation (SaO2) or a partial pressure of oxygen threshold (defined, for example, as 
SaO2 < 90%,19,37-39). All study-specific definitions of hypoxemia and hypercapnia will be 
extracted. For research questions 3 and 4, the primary outcome will be survival of the acute 
event. Other outcomes of interest across all populations will include survival to hospital 
discharge, change in clinical management (e.g., continue or withhold chest compressions, re-
evaluate patients), discharge with full neurological functioning (defined, for example, as cerebral 
performance category),40 detection of a respiratory event (e.g., respiratory depression defined, 
for example, as ETCO2 ≥ 50 mm Hg or change from baseline of ≥ 10%;18 apnea defined, for 
example, as decline in arterial oxygen saturation for 20 seconds),41 hypoxia, return of 
spontaneous circulation (research questions 3 and 4), and effectiveness of chest compressions 
(research questions 3 and 4). While each outcome is listed as an individual measure of clinical 
effectiveness, it is important to recognize that each exists as part of a clinical pathway that 
progresses from obtaining the test information, interpreting the test information, making a 
patient management decision, and finally, to affecting patient health outcomes.42,43 All patients 
experience a different path from the interpretation of test results to clinical outcomes;44 
therefore, the inclusion of outcomes along the entire clinical decision pathway is intended to 
strengthen our assessment of clinical effectiveness.42 
 
Quality Assessment and Risk of Bias Assessment 
One reviewer will independently assess the quality of each study, which will be checked for 
accuracy by a second reviewer. Disagreements will be resolved through consensus. The 
Cochrane Risk of Bias tool45 will be used for the assessment of randomized controlled studies. 
For assessment of the methodological quality of non-randomized studies, the SIGN 50 
checklists for cohort46 and case-control studies47 will be used. The quality assessment will be 
performed at the study level. No numerical scores will be calculated; instead, a narrative 
description of the strengths and limitations of each included study, based on pre-specified 
methodological criteria, will be presented. Studies will not be excluded on the basis of the critical 
appraisal results. 
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Summary of Evidence and Data Synthesis 
Description of Study Characteristics 
A summary of study characteristics — including the total number of studies by population, 
intervention, comparator, outcomes, and study design (PICOS) elements, years of publication, 
and countries of origin — will be provided. A table will also be developed to accompany the 
narrative summary and to ensure consistency of presented information across all studies and 
facilitate study comparisons by the reader. 
 
Summary of Critical Appraisal 
A narrative summary of the results of the critical appraisal will be presented, including an overall 
impression of the quality of included studies. Tables will accompany the narrative summary to 
ensure the consistency of the presented information across all studies and facilitate study 
comparisons by the reader. The tables will present the strengths and limitations of each study 
following the criteria used to conduct the critical appraisal. Additional tables will be developed by 
study type, or tabulated data will be separated within the same table by the use of subheadings. 
Although study quality will be considered when interpreting results, formal sensitivity analyses 
will only be completed if they are believed to enhance the robustness of findings. 
 
Data Synthesis 
Additional tables will be developed for each outcome listed in TABLE 1. Depending on the 
population under consideration and the availability of data, subgroup analyses may be 
conducted according to the following factors: 
• Study design (randomized or non-randomized study) 
• Setting of care (location, hospital size, type of hospital, in-hospital or pre-hospital, hospital 

department or suite) 
• Type of device (mainstream or sidestream; portable or fixed) 
• Patient characteristics (chronic obstructive pulmonary disease, asthma, pulmonary embolus, 

weight, age, sex, smoking status) 
• Details of procedure (type of procedure, sedative or analgesic use, level of sedation, use of 

opioids, duration of procedure). 
 

The results of the included studies will be pooled. If a meta-analysis is deemed inappropriate 
due to either heterogeneity of the clinical and methodological characteristics of included studies, 
a narrative synthesis and summary of study findings will instead be conducted with the goal of 
assessing the direction and size of observed effects. 
 
Meta-analyses will be carried out using Cochrane Review Manager software version 5.348 to 
derive pooled estimates for the outcomes of interest. Both randomized and non-randomized 
study designs will be included in the meta-analysis, where appropriate. If the subgroup analysis 
by study design (randomized versus non-randomized studies) indicates reasonable 
homogeneity within groups but not between groups, randomized and non-randomized studies 
will be meta-analyzed separately. In either case, if sufficient homogeneity is found across trials, 
such that it is reasonable to assume that all studies are estimating an identical effect, all meta-
analyses performed will consider a fixed effects model; if not, a random effects model will be 
used. Forest plots will be presented for all evidence syntheses to supplement reported 
estimates. Analyses of dichotomous outcomes will be summarized using relative risks (RRs) 
and 95% confidence intervals (CIs), and analyses of continuous outcomes will be summarized 
using differences in means and 95% CI. If applicable, time to event data (for example, survival 
to hospital discharge) will be summarized using log hazard ratios (HRs) and standard errors.49 
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Between-study heterogeneity will be assessed using the I² test, with I² ≥ 70% indicating 
considerable heterogeneity across trials, as suggested by the Cochrane Handbook for 
Systematic Reviews of interventions.49 Cochran’s Q statistic (based on chi-squared, where I2 = 
(Q-degrees of freedom)/Q) will be used to test for the presence of heterogeneity based on a 
level of significance of 10%. The causes of the considerable heterogeneity with I2 above 70%, 
or P < 0.10 will be carefully investigated to determine if unadjusted pooling is appropriate. 
Clinical heterogeneity will be determined in consultation with the clinical experts. When 
significant heterogeneity is identified and sufficient data are available, subgroup analyses will be 
conducted to identify the primary sources of heterogeneity, such as patient characteristics, 
intervention procedure, and study design. 
 
Sensitivity analyses dealing with outlying data points, study quality, study size, and other factors 
will also be considered to establish the robustness of findings. If measures of variance that are 
found to be missing from a relevant article are required, the study’s authors will be contacted to 
determine if the measure can be provided for the purposes of this investigation. If relevant data 
are not available, variances will be imputed where possible based on the available data, such as 
number of patients in each treatment group, between-group difference, and P values. 
 
Although not included in the proposed analyses, findings from identified HTAs, systematic 
reviews, and meta-analyses will be summarized, critically appraised, and will be considered in 
the discussion section of the report. 
 
METHODS — ECONOMIC EVALUATION 

A cost-effectiveness analysis will be performed of capnography for ETCO2 monitoring compared 
with other non-invasive respiration and ventilation monitoring approaches in hospital and pre-
hospital settings. The populations and intervention considered are reflective of those listed in 
TABLE 1. 
 
Model Design 
A cost-effectiveness model will be developed. The development of the model will consist of 
three components. The first is a systematic review of clinical effectiveness, which will be 
conducted separately by the clinical research team. Data extracted from the clinical review will 
be used to determine the approach for the economic evaluation and to populate the cost-
effectiveness model. The second component is a targeted literature search of economic 
evaluation studies. Data extracted from the review will also be used to populate the cost- 
effectiveness model. The third component is the development of the cost-effectiveness model 
and the cost-effectiveness assessment. The cost-effectiveness model will be guided by CADTH 
economic evaluation guidelines. 
 
Perspective 
The analysis will be from the perspective of a publicly funded health care system. 
Considerations for other perspectives will be made in discussion with the research team and 
included in sensitivity analyses if required. 
 
Resource Use and Cost Data 
Canadian-specific costs of diagnostic technologies, hospitalization for acute events, and longer-
term incremental costs associated with health states will be used where available. Otherwise, 
Canadian costs will be estimated from the medical literature. When Canadian costs are not 
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available, best attempts will be made to inform costs from comparable health systems. If 
required, costs will be adjusted to 2015 Canadian dollars using the consumer price index 
inflation calculator from the Bank of Canada. 
 
Utilities 
Information on utility values for defined health states based on the Canadian population will be 
sought. Where Canadian sources are not available, other sources will be used with discussion 
regarding the applicability of the values to the current setting. 
 
Transition Probabilities 
The peer-reviewed medical literature, including previous models developed to evaluate the cost-
effectiveness of capnography for ETCO2 monitoring, will be used to populate parameters for the 
clinical care pathway of patients exposed to ETCO2 monitoring and the test sensitivity of the 
various ETCO2 monitoring devices. 
 
Outcomes 
The model will be used to estimate the expected lifetime costs and benefits (i.e., life-years and 
quality-adjusted life-years [QALYs]) for each of the ETCO2 monitoring strategies. The primary 
outcome will be the incremental cost-effectiveness ratios, measured in incremental costs per 
QALY gained, of strategies on the efficient frontier. In addition, we will calculate the incremental 
cost-effectiveness ratios comparing each ETCO2 monitoring strategy against a strategy of no 
monitoring. 
 
Costs, disaggregated by type, will also be reported. 
 
Time Horizon and Discounting 
The time horizon of the analysis will be determined based on discussions with the clinical team 
and explored in sensitivity analyses. 
 
Discounting will be at 5% per year. 
 
Sensitivity Analysis 
Deterministic sensitivity analysis will be performed on individual model inputs, sets of related 
inputs (e.g., clinical inputs, hospital costs), and extreme scenarios (i.e., best- and worst-case 
scenarios). CADTH will identify key inputs driving the results of the cost-effectiveness analysis. 
Where possible, a probabilistic sensitivity analysis to simultaneously assess the effects of 
parameter uncertainty on the optimal decision will be conducted. Results of the probabilistic 
sensitivity analysis will be presented in a cost-effectiveness acceptability curve. Similarly, value 
of perfect information and value of sample information on individual parameters may be 
performed, as requested by the expert advisers in order to evaluate the value of potential 
research studies that may be considered by the health practitioner community. 
 
Supplementary Questions 
Additional information related to implementation considerations (for example, access, training, 
technical support, policies, and procedures) for ETCO2 monitoring using capnography in 
hospital and pre-hospital settings will be discussed, but not systematically reviewed. 
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PROTOCOL REGISTRATION AND PEER REVIEW 

The protocol will be registered in the PROSPERO database and will be posted on the CADTH 
website. The HTA report will be peer-reviewed by two external clinical experts and one external 
methodologist. 
 
AREAS FOR POTENTIAL AMENDMENTS 

Protocol amendments will be tracked throughout the review, along with reasons for the 
changes, by the project lead. For amendments that relate to additional outcomes or subgroup 
analyses that are not identified in the original protocol, consideration will be given to whether the 
literature search or screening will need to be updated. 
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APPENDIX 1: FULL-TEXT SCREENING CHECKLIST 

Reviewer: ____________________________________ Date: __________________________ 
 

Ref#: __________________________________________________________ 

Author: ________________________________________________________ 

Year: _______________ 

Did the study include: Yes (include) Unclear (include) No 
(exclude) 

1) Patients under anesthesia and/or sedation 
OR requiring CPR OR who were in serious 
or critical condition OR post-operatively in 
patients with known obstructive sleep 
apnea and/or receiving high opioid doses? 

   

2) ETCO2 monitoring using a capnography 
device?    

3) Any of the following as the study 
outcomes? 
• Detection of respiratory failure 

(hypoxemia, hypercapnia) 
• Survival of acute event 
• Survival to hospital discharge 
• Morbidity (neurological, organ damage) 
• Detection of a respiratory event 
• Time to detection of a respiratory event 
• Hypoxia 
• Return of spontaneous circulation 
• Effectiveness of chest compressions 
• Change in clinical management 
• Length of hospital stay 
• Correct placement of endotracheal tube 

   

4) Any of the following study designs: 
• RCT 
• Non-RCT or observational study (e.g., 

quasi-experimental, cohort, case-
control, controlled before and after)  

   

Decision for including the study in the 
review: 

Yes   No  

Reason(s) for exclusion: � Inappropriate study population 
� No intervention of interest 
� No or inappropriate comparator 
� No relevant outcomes 
� Irrelevant study type 
� Not primary report of study 
� Study description only 
� Other:______________________________ 

 
CPR = cardiopulmonary resuscitation; ETCO2 = end-tidal carbon dioxide; RCT = randomized controlled trial. 
   



 

Capnography for Monitoring End-Tidal CO2 in Hospital and Pre-hospital Settings:  17 
A Protocol for a Health Technology Assessment  

APPENDIX 2: DATA EXTRACTION FORM 

 
Reviewer: ____________________________________ Date: __________________________ 
 

STUDY 
Ref ID  
Author  
Publication year  
Country  
Funding  

 
METHODOLOGY 

Study design 
 
 

 RCT 
 Non-randomized controlled trial 
 Quasi-experimental study 
 Controlled before-after study 
 Cohort study 
 Case-control study 
 Other:_________________________________ 

 
Indication  Procedural sedation 

 CPR 
 Serious or critical condition 
 Post-operative patients (with known obstructive sleep apnea 

and/or receiving high doses of opioids) 
Study setting (e.g., urban, 
rural, or remote; hospital size; 
general hospital; teaching 
hospital; hospital department 
or suite) 

 

Eligibility criteria   
Key exclusion criteria  
Total sample size  
Number of withdrawals 
(reason) 

 

Provider of sedation or 
anesthesia 

 

Health care provider reading 
the capnography monitor (e.g., 
anesthesiologist, nurse) 

 

Provider experience (e.g., 
number of years) 
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INTERVENTION OR COMPARATOR 
ETCO2 device  
(check all that apply) 

Technical details  
of ETCO2 device 

Comparator  
(type and technical details) 

 Sidestream 
 Mainstream 
 Fixed (i.e., modular or built 

into a multi-parameter 
monitoring device) 

 Portable 
 Not specified 
 Other: __________________ 

 

  

 
REPORTED OUTCOMES 

Primary (including definition)  
Secondary (including 
definition) 

 
 

 
POPULATION CHARACTERISTICS 

 ETCO2 Device Comparator 
Mean or median age, year 
(range) 

  

Gender (% female)   
BMI   
Smoking status   
Cardiovascular disease   
Respiratory disease (COPD, 
asthma) 

  

Sleep apnea   
Pulmonary embolus   
Mucus plugging   
Regular narcotic use   
Intubated (%)   
Research Questions 1 & 2 (procedural sedation) 
1. Procedure type 
2. Procedure time (minutes) 
3. Sedative type 
4. Sedative dose 
5. Sedation performed by 

(specialization) 
6. Ramsay Sedation Scale score 
7. ASA class 
Other: _____________________ 
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POPULATION CHARACTERISTICS 
Research questions 3 & 4 (CPR) 
1. Cause of arrest 
2. Use of sedatives 
3. Time since acute event 
Other: _____________________ 
 
 
 

  

Research questions 5 & 6 (serious or critical condition) 
1. Reason for admission 
2. Use of sedatives 
Other: _____________________ 
 
 
 
 

  

Research questions 7 & 8 (post-operative patients with known obstructive sleep apnea, and/or 
who are receiving high doses of opioids) 
1.  Procedure type 
2.  Procedure length 
3.  Use of sedatives 
 
Obstructive sleep apnea: 
4.  Diagnosis of sleep apnea 

(years) 
5.  Severity of sleep apnea 
6.  Compliance with CPAP 

therapy 
 
High-dose opioid use: 
7.  Opioid type 
8.  Opioid dose 
9.  Use of other sedatives                    

(e.g., benzodiazepines) 
10.  Pre-existing narcotic 

tolerance 
Other: _____________________ 
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RESULTS 
Outcome ETCO2 Device Comparator P value 

Clinical Outcomesa,b    

outcome 1: ______________    

outcome 2: ______________    

Clinical Outcomesb,c N #event % N #event % RR or HR 
(95% CI) 

P value 

outcome 1: ______________         

outcome 2: ______________         

outcome 3: ______________         

ASA = American Association of Anesthesiology; CI = confidence interval; COPD = chronic obstructive pulmonary disease;                     
CPAP = continuous positive airway pressure; CPR = cardiopulmonary resuscitation; ETCO2 = end-tidal carbon dioxide;                                
HR = hazard ratio; RCT = randomized controlled trial; RR = relative risk. 
a Continuous outcomes. 
b Research questions 1 and 2: detection of respiratory failure (hypoxemia or hypercapnia), detection of a respiratory event (i.e., 
hypoventilation, hyperventilation, apnea, airway obstruction), time to detection of a respiratory event, change in clinical management 
(i.e., re-evaluate patients, avoid use of more sedative). Research questions 3 and 4: survival of acute event, return of spontaneous 
circulation, effectiveness of chest compressions, detection of respiratory failure (hypoxemia, hypercapnia), change in clinical 
management (i.e., continue or withhold chest compressions, re-evaluate patients). Research questions 5 to 8: detection of 
respiratory failure (hypoxemia or hypercapnia), detection of a respiratory event (i.e., hypoventilation, hyperventilation, apnea, airway 
obstruction), time to detection of a respiratory event, change in clinical management (i.e., re-evaluate patients, provide airway 
support). All clinical research questions (1 to 8): survival to hospital discharge, discharge with full neurological functioning, 
hypoxemia, organ damage, ventilation variables, hemodynamic variables, length of stay in hospital, correct placement of 
endotracheal tube, displacement of ventilation or intubation tube, adverse events related to the capnography device (i.e., 
misinterpretation of capnography readings, capnography device malfunction). 
c Binary or time to event outcomes. 
 
 
Did the article report any data relevant to other study questions?  Yes: Q# _______  No
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