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Background/Significance
Medication administration and patient monitoring are routine practices for emergency nurses during procedural sedation and 
analgesia (PSA) in the emergency department (ED). Adverse events associated with sedation are usually related to airway or 
respiratory complications. The use of vital signs and pulse oximetry (SpO2) alone, to detect hypoventilation during sedation/
analgesia, may delay immediate recognition and necessary interventions. Additionally, the common use of supplemental oxygen 
before and during sedation can also contribute to unrecognized hypoventilation or apnea. Patients with an increased oxygen reserve, 
due to use of supplemental oxygen, take longer to register a decreased SpO2 reading even after prolonged periods of apnea or upper 
airway obstruction (Waugh, Epps, & Khodneva, 2011). 

Capnography, which displays a continuous exhaled end-tidal carbon dioxide (ETCO2) value and/or waveform, has been shown to 
detect hypoventilation before changes in vital signs, SpO2, or clinicians’ observations (Anderson, Junkins, Pribble, & Guether, 
2007; Hart, Berns, Houck, & Boenning, 1997; Waugh et al., 2011; Pino, 2007; Yldizdaş, D., Yapcoğlu, H., & Ylmaz, 2004; 
Lightdale, Goldmann, Feldman, Newburg, & DiNardo, 2006; Krauss & Hess, 2007; Schlag et al., 2013; Friedrich-Rust et al., 2014). 
Also, unlike SpO2, measurement of ETCO2 is less likely to be affected by patient movement or low peripheral perfusion states 
(Krauss & Hess, 2007). Multiple professional organizations and studies support the use of capnography as the preferred method 
to detect hypoventilation during procedural sedation (American Academy of Pediatrics [AAP] & American Academy of Pediatric 
Dentistry [AAPD], 2011; Gilboy & Hawkins, 2006; Green, 2007; Hertzog & Havidich, 2007; Godwin et al., 2014). 

Methodology
This clinical practice guideline (CPG) was created based on a thorough review and critical analysis of the literature following 
ENA’s Requirements for the Development of Clinical Practice Guidelines. Via a comprehensive literature search, all articles 
relevant to the topic were identified. The following databases were searched: PubMed, eTBLAST, CINAHL, the Cochrane 
Library, the British Medical Journal, the Agency for Healthcare Research and Quality, and the National Guideline Clearinghouse. 
Searches were conducted using the key words “capnography” or “end tidal CO2” and “sedation” and “emergency”. The initial 
development of this guideline in 2009 was limited to English language articles on human subjects from 2002-November 8, 
2009. This update searched the literature for articles published from 2009-2015 and included the additional keyword: “ETCO2”. 
In addition, the reference lists in the selected articles were scanned for pertinent research findings. Research articles from ED 
settings, non-ED settings, position statements, and guidelines from other sources were also reviewed. Clinical findings and levels 
of recommendations regarding patient management were made by the 2015 Emergency Nurses Association (ENA) CPG Committee 
according to ENA’s classification of levels of recommendation for practice (Table 1). The articles reviewed to formulate the 
recommendations in this CPG are described in Appendix 1.
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Table 1. Levels of Recommendation for Practice 
Level A recommendations: High

• Reflects a high degree of clinical certainty
• Based on availability of high quality level I, II and/or III evidence available using Melnyk & Fineout-Overholt grading system 

(Melnyk & Fineout-Overholt, 2005)
• Based on consistent and good quality evidence; has relevance and applicability to emergency nursing practice
• Is beneficial

Level B recommendations: Moderate
• Reflects moderate clinical certainty
• Based on availability of Level III and/or Level IV and V evidence using Melnyk & Fineout-Overholt grading system  

(Melnyk & Fineout-Overholt, 2005)
• There are some minor or inconsistencies in quality evidence; has relevance and applicability to emergency nursing practice
• Is likely to be beneficial

Level C recommendations: Weak
• Level V, VI and/or VII evidence available using Melnyk & Fineout-Overholt grading system  

(Melnyk & Fineout-Overholt, 2005) - Based on consensus, usual practice, evidence, case series for studies of treatment or 
screening, anecdotal evidence and/or opinion

• There is limited or low quality patient-oriented evidence; has relevance and applicability to emergency nursing practice
• Has limited or unknown effectiveness

Not recommended for practice
• No objective evidence or only anecdotal evidence available; or the supportive evidence is from poorly controlled or uncontrolled 

studies
• Other indications for not recommending evidence for practice may include: 

 ◦ Conflicting evidence
 ◦ Harmfulness has been demonstrated 
 ◦ Cost or burden necessary for intervention exceeds anticipated benefit
 ◦ Does not have relevance or applicability to emergency nursing practice

• There are certain circumstances in which the recommendations stemming from a body of evidence should not be rated as highly 
as the individual studies on which they are based. For example:

 ◦ Heterogeneity of results
 ◦ Uncertainty about effect magnitude and consequences,
 ◦ Strength of prior beliefs
 ◦ Publication bias

Insufficient Evidence (I/E) and No Evidence (N/E)

• I/E: There is insufficient evidence upon which to make a recommendation
• N/E: There is no evidence upon which to make a recommendation
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Summary of Literature Review
Several studies have shown a benefit when capnography is used during PSA. Dietch, Miner, Chudnofsky, Dominici, and Latta (2010) 
demonstrated a 17% reduction in the incidence of hypoxia (42% vs. 25%) with capnography use added to standard monitoring during 
PSA in adult patients receiving propofol. Friedrich-Rust, et al. (2014) found a 14% reduction in hypoxemia (SpO2 less than 90%) 
when patients who had a propofol-based colonoscopy were monitored using capnography (18%, 95% CI [13%, 23%] vs. 32%, 95% CI 
[27%, 38%], p = 0.00091). Waugh et al. (2011) showed that during PSA, cases of respiratory depression were 17.6 times more likely to 
be detected when capnography was used versus not (95% CI [2.5, 122.1], p = 0.004).

Sivilotti, Messenger, van Vlymen, Dungey, and Murray (2010) conducted a prospective investigation to answer their secondary 
study question of whether capnography or pulse oximetry would first detect respiratory events in 63 adult ED patients undergoing 
procedures while breathing room air. The authors reported that 36 patients developed brief oxygen desaturation at some point 
during PSA and, of those, only 19 patients had periods of hypoventilation. The authors concluded that the association between 
hypoventilation and oxygen desaturation in patients breathing room air was weak (crude odds ratio 1.4, 95% CI [0.47, 4.3]). Thirty 
patients breathing room air had abnormal capnometry and also had oxygen desaturation, leading the authors to conclude that there 
was a stronger association between the two (crude odds ratio 2.8, 95%  CI [0.99, 7.9]), but in only two of the cases did abnormal 
capnometry precede oxygen desaturation (the median time difference between oxygen desaturation and abnormal capnometry was 
2.04 minutes). Sivilotti et al. (2010) concluded that in patients who were not given any supplemental oxygen during procedural 
sedation, breathing room air only, the pulse oximeter detected desaturation in before the capnometer identified respiratory 
depression. The authors caution that these results should not be applied to PSA patients whom have been preoxygenated or are 
receiving oxygen. There is no clear consensus in the literature regarding the use of ETCO2 monitoring during PSA in the ED 
(Godwin et al., 2014; Smally & Nowicki, 2007; Levine & Platt, 2005; van Loon, van Rheineck Leyssius, van Zaane, Denteneer, 
& Kalkman, 2014). This CPG intends to provide information on capnography during procedural sedation and analgesia using an 
evidence-based approach.

Interpretation of Capnography Results
Normal ETCO2 is considered to be between 35-45 mm Hg. Most authors cite the following criteria as significant ETCO2 findings 
warranting intervention: absolute change in ETCO2 of greater than or equal to 10 mm Hg, ETCO2 greater than 50 mm Hg, or absent 
waveform (i.e., apnea) (Waugh et al., 2011; McQuillin & Steele, 2000; Hart et al., 1997; Sivilotti et al., 2010). An elevated ETCO2 
level indicates retention of CO2 due to hypoventilation and/or a decreased respiratory rate (Krauss & Hess, 2007). A decrease in 
ETCO2 may indicate hyperventilation or respiratory depression with low tidal volumes (Krauss & Hess, 2007). One study found 
that a change in ETCO2 of greater than 10% of the patient’s baseline, instead of an absolute change of 10 mm Hg, identified twice 
the number of patients who went on to develop hypoxia (Waugh et al., 2011). A subsequent study by the same investigators defined 
respiratory depression as ETCO2 greater than 50 mm Hg, a change of 10% from baseline, or loss of waveform for 15 seconds or 
more (Dietch et al., 2010). This study found that most patients who developed hypoxia had an ETCO2 change greater than 10% from 
baseline, but loss of waveform was most likely to result in hypoxia (Dietch et al., 2010). 

Initial interventions for hypoventilation include repositioning the patient’s head to restore airway patency and verbal or physical 
stimulation to encourage the patient to breathe (Hertzog & Havidich, 2007; Krauss & Hess, 2007). If these measures are inadequate 
to reverse the situation, then decreasing medication doses, ceasing medication administration, or administering reversal agents may 
be considered (Krauss & Hess, 2007). If apnea occurs and the patient is unresponsive to repositioning or stimulation, bag-mask 
ventilation is indicated (Krauss & Hess, 2007). 

The completion of the procedure does not end the risk of respiratory depression. McQuillen and Steele (2000) found that the highest 
ETCO2 levels occurred after the end of the procedure, but before the patients returned to their baseline level of consciousness.

Use of Supplemental Oxygen
Supplemental oxygen may delay the onset of hypoxia which may delay the recognition of hypoventilation during PSA (Waugh et 
al., 2011; Green, 2007; Godwin et al., 2014). In light of this information, monitoring with capnography is more likely to be helpful if 
supplemental oxygen is used during sedation (Waugh et al., 2011; Green, 2007; Godwin, et al. 2014). 
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Description of Decision Options/Interventions and the Level of Recommendation
Please note that the references listed after each recommendation represent the evidence considered when making the 
recommendation. This does not mean that the evidence in each individual reference supports the recommendation.

1. Capnography is a useful technique for detecting respiratory depression during and after PSA. (Level B: Moderate) (Anderson 
et al., 2007; Hart et al., 1997; Waugh et al., 2011; Pino, 2007; Yldizdaş et al., 2004; Lightdale et al., 2006; Krauss & Hess, 2007; 
Schlag et al., 2013; Godwin et al., 2014; Friedrich-Rust et al., 2014)

2. ETCO2 is a more sensitive indicator of respiratory depression than SpO2 or clinician assessment during PSA, as well as in the 
recovery phase. (Level B: Moderate) (Anderson et al., 2007; Hart et al., 1997; Waugh et al., 2011; Pino, 2007; Yldizdaş et al., 
2004; Lightdale et al., 2006; Krauss & Hess, 2007; Dietch et al., 2010; Schlag et al., 2013; Godwin et al., 2014; Friedrich-Rust et 
al., 2014)

3. More studies are needed to support that using capnography during PSA directly improves patient outcomes. (Level B: 
Moderate) (Godwin et al., 2014; SIGN, 2004; Smalley & Nowicki, 2007; Levine & Platt, 2005; van Loon et al., 2014)
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Reference Research/Purpose
Questions/Hypothesis

Design/Sample
Setting

Variables/Measures
Analysis Findings/Implications Quality of Evidence

(4-point scale)*

Level of 
Evidence
(7-point 
scale)**

Anderson, J.L., Junkins, 
E., Pribble, C., & Guether, 
E. (2007). Capnography 

and depth of sedation 
during propofol sedation in 
children. Ann Emerg Med, 
49(1), 9-13. doi:10.1016/j.

annemergmed.2006.06.011

Is there are relationship be-
tween capnography values and 

adverse airway/respiratory 
events during sedation?

Non-experimental, no 
control group. Continuous 
capnography monitoring 

with nasal cannula during 
sedation with propofol ± 
analgesia with opioids. 
Sampling cannula also 
delivered O2 at 1 lpm. 

Children 2-17 y.o. undergo-
ing orthopedic reduction, 
weight greater than 12 kg, 

ASA class 1 or 2.
N = 125 (capture rate 75%)
Non-randomized, conve-

nience sample 
ED, urban Pediatric Aca-

demic Medical Center

Categorical data presented as 
% of frequency of occurrence
Continuous data presented as 

means or medians
95% confidence intervals and 

ranges when appropriate.

11% pts had adverse airway/resp events, 
all resolved in less than 30 sec. No serious 

events or complications occurred Only one pt 
had desaturation without antecedent ETCO2 
indicator (pt had history of breath-holding). 

Two pts had mild snoring as indicator for jaw 
thrust but neither had desaturation or positive 
ETCO2 indicators. Capnogram was the most 

reliable predictor of apnea. “…continuous 
capnography detects most airway and respi-
ratory events leading to intervention before 

clinical examination or pulse oximetry.” (p. 9)

I VI

Burton, J. H., Harrah, J. D., 
Germann, C. A., & Dillon, 

D. C. (2006). Does end-tidal 
carbon dioxide monitoring 

detect respiratory events prior 
to current sedation monitoring 
practices? Acad Emerg Med, 
13(5), 500-504. doi:10.1197/j.

aem.2005.12.017

Question: Will ETCO2 
monitoring reveal findings 

indicating an acute respiratory 
event earlier than indicted by 
current monitoring practices?

Design: Prospective obser-
vational case series

Dedicated investigator re-
corded all data and did not 

participate in pt. care. 
Clinical team blinded to 

monitoring data, including 
ETCO2 during the PSA 

period. Pt received O2 @ 
2lpm 

Non-experimental, no  pts 
aged 17-89 y.o. undergoing 

PSA in the ED. 
Only 20 patients ex-

perienced respiratory 
depression.

Urban tertiary care hospital
control group

60 sedation episodes in 59 
pts aged 17-89 y.o. under-

going PSA in the ED. 
Only 20 patients ex-

perienced respiratory 
depression.

Urban tertiary care hospital

Descriptive statistics
Selected continuous variables, 

reported as median values 
with range

Abnormal ETCO2 documented in 60% of 
encounters (most were abnormally low levels 

but hyperventilation not observed or noted 
by RR)

33% of patients experienced acute respiratory 
events

85% of pts who experienced acute respiratory 
events demonstrated ETCO2 findings indica-

tive of hypoventilation or apnea 
70% of the time the ETCO2 changed before 
SpO2 or observed respiratory rate changes

“After review of two 30-patient enrollment 
blocks, it was determined that further use 
of ETCO2 monitoring should proceed in a 

non-blinded fashion and the study was termi-
nated.” (p. 502). This resulted in a smaller N 
than the investigators had planned on (250).

I

Blinding of clinicians 
to ETCO2 during PSA 

is a strength.
Small N is a limitation.

VI
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Reference Research/Purpose
Questions/Hypothesis

Design/Sample
Setting

Variables/Measures
Analysis Findings/Implications Quality of Evidence

(4-point scale)*

Level of 
Evidence
(7-point 
scale)**

Dietch, K., Miner, J., Chud-
nofsky, C.R., Dominici, P., 

& Latta, D. (2010). Does end 
tidal CO2 monitoring during 

emergency department proce-
dural sedation and analgesia 
with propofol decrease the 

incidence of hypoxic events? 
A randomized, controlled 

trial. Ann Emerg Med, 55(3), 
258-264. doi:10.1016/j.

annemergmed.2009.07.030

“Does the addition of capnog-
raphy to standard moni-

toring decrease the rate of 
sedation-associated hypoxia 
(defined as SpO2 < 93%)?”

Randomized into two 
groups – 1) treating MD 

had access to ETCO2 
findings; 2) treating MD 

blinded to ETCO2 findings. 
All patients received 3 lpm 

supplemental O2; nasal 
cannula sampling + oral 

sampling port.
SpO2 and ETCO2 recorded 
electronically every 5 sec.
Consecutive adult patients 
receiving propofol sedation 
in the emergency depart-

ment.
N=132

All patients monitored with 
SpO2, BP, cardiac monitoring, 

and capnography. 

Independent variable: MD ac-
cess to real-time capnography 
information during sedation.

Dependent variable: Incidence 
of hypoxia

Χ2 used to compare incidence 
of hypoxia

Hypoxia occurred:
With capnography = 17 of 68 pts, 25%
Without capnography = 27 of 64, 42%

The addition of capnography to standard 
monitoring reduced hypoxia (p=0.035, 

difference of 17%); capnography identified 
all cases of hypoxia before onset (sensitivity 
100%; specificity 64%). Median time from 

capnographic evidence of resp. depression to 
hypoxia = 60 sec (range 5-240 sec)

Hypoxia was defined as SpO2 less than 93%; 
respiratory depression, as end tidal CO2 
(ETCO2) greater than 50 mm Hg, ETCO2 

change from baseline of 10%, or loss of the 
waveform. 

Limitations:
Higher than expected disqualification rate left 
slightly fewer subjects than calculated for anal-
ysis. Higher rate of hypoxia than most studies 

– continuous monitoring with every 5 sec 
recording may have caught episodes missed 

by other investigators not using such frequent 
electronic recording of values. Baseline defi-
nition of hypoxia as SpO2 Other studies have 
used lower SpO2 values to define hypoxia so 

that difference in definition might account for 
the difference in incidence of hypoxia

I II
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Reference Research/Purpose
Questions/Hypothesis

Design/Sample
Setting

Variables/Measures
Analysis Findings/Implications Quality of Evidence

(4-point scale)*

Level of 
Evidence
(7-point 
scale)**

Friedrich-Rust, M., Welte, 
M., Welte, C., Albert, J., 

Meckback, Y., Herrmann, 
E., …, Bojunga, J. (2014). 
Capnographic monitoring 
of propofol-based seda-
tion during colonoscopy. 

Endoscopy 46(3):236-244. 
doi:10.1055/s-0033-1359149

“Does capnographic mon-
itoring without tracheal 

intubation reduce hypoxemia 
during propofol-based seda-
tion in patients undergoing 

colonoscopy?”

Prospective randomized 
study

533 patients presenting for 
colonoscopy

2 study sites in Germany: 
Endoscopy unit of the Dept 
of Internal Medicine, Uni-
versity Hospital, Frankfurt, 
Germany and Endoscopy 

outpatient clinic of the 
Praxisklinik fur Diagnostik 

am Staedel, Frankfurt, 
Germany

Primary outcome measure was 
the incidence of oxygen desat-
uration (hyoxemia), defined as 
a drop in SaO2 less than 90% 

for 15 seconds or more.

Secondary outcome measures 
were: 1) Incidence of severe 

hypoxia (SaO2 less than 85% 
regardless of duration); 2) 
increase of oxygen supple-
mentation greater than 2 
liters/min; 3) episodes of 

apnea (ETCO2 at 0 mmHg for 
greater than 10 secs; 4) time 

difference between apnea 
and hyoxemia in patients ran-
domized to the capnography 
monitoring group; 5) assisted 

ventilation; 6) incidence of 
hypotension (SBP less than 

100 mm Hg); 7) incidence of 
brady cardia (HR less than 50 

beats/min)

In patients undergoing colonoscopy during 
propofol-based sedation, capnography mon-
itoring with a simple and inexpensive device 

reduced the incidence of hypoxemia.

II

The different sedative 
regimens used at the 

two different study sites 
might be a limitation

II
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Reference Research/Purpose
Questions/Hypothesis

Design/Sample
Setting

Variables/Measures
Analysis Findings/Implications Quality of Evidence

(4-point scale)*

Level of 
Evidence
(7-point 
scale)**

Godwin, S. A., Burton, J. 
H., Gerardo, C. J., Hatten, 
B.W., Mace, S.E., Silvers, 

S.M.,…, American College of 
Emergency Physicians. (2014). 

Clinical policy: procedural 
sedation and analgesia in 

the emergency department. 
Ann Emerg Med, 63(2):247-

258.e18. doi:10.1016/j.
annemergmed.2013.10.015

A writing subcommittee 
reviewed the literature to 

derive evidence-based recom-
mendations to help clinicians 
answer the following critical 

questions: (1) In patients 
undergoing procedural 

sedation and analgesia in 
the emergency department, 
does preprocedural fasting 

demonstrate a reduction in the 
risk of emesis or aspiration? 

(2) In patients undergoing pro-
cedural sedation and analgesia 
in the emergency department, 
does the routine use of cap-

nography reduce the incidence 
of adverse respiratory events? 
(3) In patients undergoing pro-
cedural sedation and analgesia 
in the emergency department, 
what is the minimum number 

of personnel necessary to 
manage complications? (4) In 

patients undergoing proce-
dural sedation and analgesia 

in the emergency department, 
can ketamine, propofol, 

etomidate, dexmedetomidine, 
alfentanil and remifentanil be 
safely administered? A liter-
ature search was performed, 
the evidence was graded, and 
recommendations were given 
based on the strength of the 
available data in the medical 

literature.

Policy Statement / System-
atic Review

n/a Capnography may be used as an adjunct to 
pulse oximetry and clinical assessment to 

detect hypoventilation and apnea earlier than 
pulse oximetry and/or clinical assessment 

alone in patients undergoing procedural seda-
tion and analgesia in the ED

I

Endorsed by ACEP and 
ENA

I
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Reference Research/Purpose
Questions/Hypothesis

Design/Sample
Setting

Variables/Measures
Analysis Findings/Implications Quality of Evidence

(4-point scale)*

Level of 
Evidence
(7-point 
scale)**

Hart, L.S., Berns, S.D., 
Houck, C.S., & Boenning, 
D.A. (1997). The value of 
end-tidal CO2 monitoring 

when comparing three meth-
ods of conscious sedation for 
children undergoing painful 
procedures in the emergency 
department. Pediatr Emerg 

Care, 13(3):189-193.

(Primary objective of study 
was on comparing different 

medication(s) for PSA.)

Will the use of ETCO2 moni-
toring help identify patients in 
an earlier phase of respiratory 
depression when hypoventi-
lation may result In transient 
elevations in ETCO2 without 

associated hypoxia?

42 children, 24 mon-18 yr
3 pediatric academic medi-

cal centers, all urban

No statistical analysis for 
ETCO2 data

ETCO2 provided an earlier indication of 
respiratory depression than SpO2 and respira-

tory rate alone. 
6/8 instances of respiratory depression were 

detected by alone (not respiratory rate or 
SpO2)

III-IV

(with regard to capnog-
raphy findings only)

Study design concerns:  
Small sample size, 
only 8 experienced 

respiratory depression; 
Focus of study was on 

comparing medications: 
ETCO2 was a secondary 

objective

VII
 (with regard 
to capnogra-
phy findings 

only)

McQuillen, K., & Steele, 
D. (2000). Capnography 

during sedation/analgesia 
in the pediatric emergen-
cy department. Pediatr 

Emerg Care, 16(6):401-404. 
doi:10.1097/00006565-

200012000-00005

1) Determine if there are 
significant increases in ETCO2 

levels during sedation /
analgesia 

2) Describe ETCO2 changes 
associated with different 

sedation strategies. 

Prospective observational 
study of 106 children ages 
1.2-16.6 years in an urban 

hospital pediatric ED 
setting who required IV 
sedation and or analgesia 
and met study criteria. No 
patients received oxygen.

Mean and 95% confidence 
intervals used to summarize 
changes, p < 0.05 considered 

significant.
The change in ETCO2 was as-
sessed using a paired t-test by 
the computer program STATA 

(Version 4). 

Mean increase in ETCO2 was 6.7mmHg + 
4.4m (p< 0.00001) Highest ETCO2 invariably 
occurred after the completion of the proce-
dure and prior to the pts return to baseline 

LOC. 19% of pts had CO2 increases of > 10. 
ETCO2 provides a practical non-invasive 

monitor of ventilation in children under se-
dation/analgesia in the pediatric ED. Clinical 

relevance of capnometry not defined.

II

Limitations of the study 
included the design and 

small sample size. 

VI
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Reference Research/Purpose
Questions/Hypothesis

Design/Sample
Setting

Variables/Measures
Analysis Findings/Implications Quality of Evidence

(4-point scale)*

Level of 
Evidence
(7-point 
scale)**

Schlag, C., Wörner, A., 
Wagenpfeil, S., Kochs, E.F., 
Schmid, R.M., & von Delius, 

S. (2013). Capnography 
improves detection of apnea 
during procedural sedation 

for percutaneous transhepatic 
cholangiodrainage. Can J 

Gastroenterol, 27(10):582-586.

To compare the detection 
of apnea and the prediction 
of oxygen desaturation and 

hypoxemia using capnography 
versus clinical surveillance 
during procedural sedation 

for percutaneous transhepatic 
cholangiodrainage (PTCD).

Prospective randomized 
study

27 patients
Munich, Germany 

endoscopy unit

Descriptive statistics were 
computed for all variables 
to provide means and SDs 

for continuous variables and 
frequencies for categorical 

variables. P values correspond 
to paired t tests (t test for 

two dependent samples) for 
quantitative and exact McNe-
mar tests (unconditional) for 
binary data, respectively, and 
are subject to a local two-sid-
ed significance level of 5%. 

Predictive Analytics SoftWare 
version 18.0 (IBM Corpo-
ration, USA) for Windows 

(Microsoft Corporation, USA) 
and StatXact version 5.0.3 

(Cytel Software Corporation, 
USA) were used to perform all 
statistical analyses and Mic-
rosoft Excel 2007 (Microsoft 
Corporation, USA) for data 

handling.

Capnographic monitoring was superior to 
clinical surveillance in the detection of apnea 
and in the prediction of oxygen desaturation 

during procedural sedation for PTCD.

II

Limitations: Small 
sample size, but had 

80% power with an N 
of 20), single center, 
not designed to be an 
outcome study with 

an interventional and 
control group.

IV

Sivilotti, M.L., Messenger, 
D.W., van Vlymen, J., Dungey, 

P.E., & Murray, H.E. (2010). 
A comparative evaluation of 
capnometry versus pulse ox-
imetry during procedural se-
dation and analgesia on room 

air. CJEM, 12(5):397-404.

To determine whether the cap-
nometer or the pulse oximeter 
would first detect respiratory 

events in adults breathing 
room air.

Prospective observational 
(planned secondary analy-
sis of data in a randomized 

controlled trial)
63 otherwise healthy pa-

tients undergoing procedur-
al sedation for ortho-reduc-

tion or abscess drainage, 
aged 14-65 years

Hypoventilation / desaturation During PSA in adults breathing room air, 
desaturation detectable by pulse oximeter 

usually occurs before overt changes in cap-
nometry are identified.

I II
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Reference Research/Purpose
Questions/Hypothesis

Design/Sample
Setting

Variables/Measures
Analysis Findings/Implications Quality of Evidence

(4-point scale)*

Level of 
Evidence
(7-point 
scale)**

Waugh, J. B., Epps, C.A., 
Khodneva, Y.A. (2011). Cap-
nography enhances surveil-
lance of respiratory events 

during procedural sedation: A 
meta-analysis. J Clin Anesth, 
23(3):189–196. doi:10.1016/j.

jclinane.2010.08.012

To determine if capnogra-
phy, in addition to standard 
monitoring, identified more 

respiratory complications than 
standard monitoring alone

Systematic Review /  
Meta-analysis

5 Randomized Controlled 
Trials were reviewed 

The Cochran Q heterogeneity 
test was performed to assess 

heterogeneity before esti-
mating tau-square. Then tau-
square and i-square statistics 

were estimated.

During PSA, cases of respiratory depression 
were 17.6 times more likely to be detected 
if monitored by capnography than cases 
not monitored by capnographyv (95% CI 

[2.5,122.1]; p = 0.0040)

I

Limitations: only 5 
studies analyzed

I 

van Loon, K., van Rheineck 
Leyssius, A.T., van Zaane, B., 
Denteneer, M., & Kalkman, 
C.,J. (2014). Capnography 
during deep sedation with 
propofol by non-anesthe-
siologists: A randomized 

controlled trial. Anesth Analg, 
119(1):49-55. doi:10.1213/
ANE.0b013e3182a1f0a2

To examine the effectiveness 
of microstream capnography 

by early detection and therapy 
of alveolar hypoventilation 

during deep sedation in 
comparison with standard 

monitoring with pulse 
oximetry only.

Randomized Controlled 
Trial

427 healthy adult women 
during minor gynecology 

procedures 
Outpatient clinic in the 

Netherlands

Patients were randomly 
assigned to receive either 

standard respiratory monitor-
ing (standard care) or standard 

respiratory monitoring 
combined with capnography 
(capnography group). To rep-
licate usual clinical practice, 

capnography monitoring 
was performed by the same 
medical team that provided 
sedation. The primary end 
point was the incidence of 

hypoxemia, defined as oxygen 
saturations <91%.

Unable to confirm an additive role for cap-
nography in preventing hypoxemia during 
elective nonanesthesiologist-administered 
propofol (monotherapy) sedation in healthy 

women in whom supplemental oxygen is 
not routinely administered. Based on the 

confidence interval, the benefit of adding cap-
nography is at most an absolute hypoxemia 

reduction of 7.5%, suggesting that adding it in 
this practice setting to the routine monitoring 
strategy does not necessarily improve patient 

safety in daily practice. 
Results: From April 2010 to January 2011, 

427 patients were enrolled. In the capnogra-
phy group, 206 patients and in the standard 
care group, 209 patients were analyzed. The 

percent- age of patients with a hypoxemic 
episode was 25.7% (53 of 206) in the cap-

nography group and 24.9% (52 of 209) in the 
standard care group, resulting in an absolute 

difference of 0.8% (−7.5 to 9.2%).

I II
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Reference Description Conclusions
American Academy of Pediatrics (AAP) and American Academy of Pe-
diatric Dentistry (AAPD). (2011). Clinical Practice Guideline: Guideline 
for Monitoring and Management of Pediatric Patients During and After 
Sedation for Diagnostic and Therapeutic Procedures. Retrieved from 

http://www.aapd. org/policies/ 

Guidelines from American Academy of Pediatrics and American 
Academy of Pediatric Dentistry for patients through 21 y.o. requir-
ing procedural sedation and analgesia in a hospital, surgical center, 

freestanding imaging facility, dental facility, or private office.

Use of ETCO2 is encouraged, particularly in situations where other 
means of assessing ventilations are limited.

Gilboy, N., & Hawkins, M. R. (2006). Noninvasive monitoring of 
end-tidal carbon dioxide in the emergency department. Adv Emerg Nurs 

J, 28(4):301-313.

Review of physiology, equipment, terminology, and clinical applica-
tions in the ED. Good review of waveforms. Describes implementa-

tion strategies for ED setting.

Better for evaluating ventilation than pulse oximetry because it 
gives breath-to-breath information.

Green, S. M. (2007). Research advances in procedural seda-
tion and analgesia. Ann Emerg Med, 49(1):31-36. doi:10.1016/j.

annemergmed.2006.09.020

Nice summary of evidence about sedation practices including medi-
cations, supplemental oxygen, and monitoring.

Capnography provides the earliest warning of airway or respiratory 
adverse events and appears to be worthwhile and justified during 

PSA. Downside: there may be a significant number of false positives 
but early warning may avert deterioration. 

Hertzog, J.H., & Havidich, J.E. (2007). Non-anesthesiologist-provid-
ed pediatric procedural sedation: An update. Curr Opin Anaesthesiol, 

20(4):365-372. doi:10.1097/ACO.0b013e32825a6a0a

Literature review on procedural sedation not performed by anesthe-
sia providers.

Capnography endorsed, particularly in situations where it is difficult 
to monitor the adequacy of ventilation.

Krauss, B., & Hess, D.R. (2007). Capnography for procedural sedation 
and analgesia in the emergency department. Ann Emerg Med, 50(2):172-

181. doi:10.1016/j.annemergmed.2006.10.016
Review of physiology related to capnography.

Capnography is a helpful diagnostic monitoring tool for airway, 
breathing, and circulation status. It can be useful in the early 

identification of adverse airway and respiratory events related to 
procedural sedation and analgesia.

Levine, D.A., & Platt, S.L. (2005). Novel monitoring techniques 
for use with procedural sedation. Curr Opin Pediatr, 17(3):351-354. 

doi:10.1097/01.mop.0000163694.03726.20

Review of ETCO2 and bispectral index (BIS) monitoring techniques 
in a pediatric emergency setting. 

Capnography can be useful in assessing respiratory function. The 
BIS is useful for monitoring the level of sedation. They both facili-
tate efficacy of procedural sedation in children and improve safety 

while reducing the risk of over sedation. 

Lightdale, J.R., Goldmann, D.A., Feldman, H.A., Newburg, A.R., DiNar-
do, J. A., & Fox, V.L. (2006). Microstream capnography improves patient 

monitoring during moderate sedation: A randomized, controlled trial. 
Pediatr, 117(6):e1170-e1178. doi:10.1542/peds.2005-1709

Prospective, double-blind, randomized trial in a pediatric endosco-
py unit, to determine if capnography was an indication of alveolar 

hypoventilation and reduces the incidence of arterial desaturation in 
non-intubated children during moderate sedation. 

Supports routine use of microstream capnography to detect 
hypoventilation. Capnography indicated alveolar hypoventilation 

during 56% of procedures and apnea during 24%. Patients were less 
likely to have an intraprocedural episode of arterial desaturation  

(p <0.03)

Pino, R.M. (2007). The nature of anesthesia and procedural sedation 
outside of the operating room. Curr Opin Anaesthesiol, 20(4):347-351. 

doi:10.1097/ACO.0b013e32827035c7

Review of charts and literature. Anesthesiologists blinded to 
capnography did not identify any of the 26% of the patients who ex-
perienced 20 sec of apnea. Delay of 25 sec for emergency personnel 
to identify apnea. ASA Closed Claims database with entries from 
1990 to 2002 demonstrate respiratory depression secondary to the 

effects of administered drugs were responsible for 21% of the claims 
of which 24% occurred during endoscopy.

“…the use of capnography is essential for the recognition of apnea.” 
(p. 350)

Smally, A.J., & Nowicki, T.A. (2007). Sedation in the emergen-
cy deparment. Curr Opin Anaesthesiol, 20(4):379-383. doi:10.1097/

ACO.0b013e32825a69f9

Literature review concerning the use of sedation in the emergency 
department in discussing medications and monitoring. 

Findings suggest that although cardiac monitoring, pulse oximetry 
and capnography are common there is a lack of evidence based 

literature regarding the need for capnometry.

Yldizdaş, D., Yapcoğlu, H., & Ylmaz, H.L. (2004). The value of 
capnography during sedation or sedation/analgesia in pediatric mi-
nor procedures. Pediatr Emerg Care, 20(3):162-165. doi:10.1097/01.

pec.0000117922.65522.26

Prospective randomized clinical trial in a pediatric ICU, set up to 
measure the change in ETCO2 with different sedation and anal-

gesia combinations during minor pediatric surgical procedures to 
determine whether there were significant increases in ETCO2 with 

different medications. 

This study demonstrated respiratory depression may occur more 
frequently than previously noted in patients that receive propofol 
and midazolam + fentanyl. ETCO2 monitoring may provide early 

indications of respiratory depression in sedated patients. 




