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Introduction

End-tidal carbon dioxide (EtCO
2
) is the concentration of carbon 

dioxide (CO
2
) at the end of expiration. It provides information 

on ventilation (CO
2
 elimination), perfusion (CO

2
 transport in 

blood circulation), and metabolism (cellular metabolism and 
production of CO

2
) (1-5).

Capnography Waveform (CW) is a useful, non-invasive, reliable, 
and real-time monitoring tool in emergency settings that can 
improve patient safety. It has been used extensively and became 
a standard of care to monitor the patient’s ventilation during 
procedural sedation and analgesia (6). Moreover, it allows the 
rapid detection of airway obstruction, hypoventilation, and 

apnea in real-time (7,8). Henceforth, immediate intervention can 
be instituted early to prevent catastrophic consequences (9). 

For patients with acute respiratory distress manifestations, clinical 
status, and CW findings provide essential clinical information. 
Abnormal CW is associated with higher intubation rates, intensive 
care unit (ICU) admissions, and mortality (10). 

International Liaison Committee on Resuscitation recommended 
the application of quantitative waveform capnography during 
cardiopulmonary resuscitation (CPR) to ensure effective chest 
compression and to detect the return of spontaneous circulation 
(11,12). Moreover, CW may provide an objective basis to determine 
patients’ prognosis, hence, terminating CPR (13). Continuous 

Cite this article as: Chee RC, Ahmad R, Zakaria MI, Yahya MF. The Assessment of End-Tidal Capnography Waveform Interpretation 
and Its Clinical Application for Emergency Residents in Malaysia: A Cross-Sectional Study. Eurasian J Emerg Med. 2021;20(3):161-71.

Received: 21.12.2020
Accepted: 10.03.2021

Corresponding Author: Ri Church Chee, M.D., Unit of Trauma and Emergency, University of Malaya Faculty of 
Medicine, Kuala Lumpur, Malaysia
E-mail: cheerc87@yahoo.com  ORCID ID: orcid.org/0000-0002-8522-1878

Abstract
Aim: This study aimed to assess the adequacy of knowledge among emergency residents (ERs) and determine the correlation between the 
knowledge and practice of capnography waveform (CW). 

Materials and Methods: This 6-month questionnaire-based cross-sectional study was conducted at the emergency department of a hospital. 
All ERs were included in this study. Respondents’ knowledge was evaluated by exploring their interpretation of CW according to clinical 
situations and their ability in making appropriate clinical decisions and management. Pearson correlation statistic was used to determine the 
correlation between knowledge and practice.

Results: This study included 48 ERs. The mean scores for knowledge and practice (± standard deviation) were 5.69±1.82 and 4.40±1.8, 
respectively. No correlation was found between knowledge and practice (r=0.186, p=0.207).

Conclusion: ERs’ ability to interpret CW was satisfactory. However, understanding the relevance of the CW findings and subsequent clinical 
management was poor.
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CW is also considered the gold standard for verifying proper 

endotracheal tube placement (1-4). 

However, this monitoring technology is only as good as the user 

who analyses and interprets it. The ability to accurately interpret 

the CW is important but appropriately acting on the finding is 

important as well. The purposes of this study were to assess the 

knowledge of emergency residents (ERs) on CW who use it in their 

daily clinical practice and to determine the correlation coefficient 

between the ability of interpreting CW and the appropriateness of 

clinical intervention following the interpretation. We postulated 

that the mean score of knowledge and practice in CW and its 

application among ERs is 50% to 60%, and there is a significant 

positive correlation between knowledge and practice of CW. 

We believe that knowledge and practice gap findings detected 

in this study can form a basis local education program 

development concerning the role of CW in clinical practice.  The 

same questionnaire from this study can be utilized to evaluate 

the effectiveness of the education program. 

Materials and Methods

Study Design and Setting

This questionnaire-based, cross-sectional study was conducted 

in the emergency department (ED), Hospital Melaka, Malaysia, 

over 6 months period that lasted from September 1st, 2019 to 

February 28th, 2020. Hospital Melaka is a tertiary hospital located 

in Melaka state, Malaysia, with multiple specialty disciplines and 

subspecialty service. 

The number of ERs working in ED Hospital Melaka  was inconsistent 

due to hospital administrative allocation, availability of new 

residents, and request from ERs to transfer to other departments. 

ED Hospital Melaka was staffed with 30 ERs in the year 2018, 35 

ERs in the year 2019, and 45 in the year 2020. Their experience 

in ED varies, ranging from 0 months to 6 years, with the majority 

less than 3 years in ED. To ensure competency and up-to-date 

medical knowledge, continuing medical education (CME) 

sessions were held weekly to discuss various emergency topics, in 

a traditional pedagogy approach aided with simple technology, 

e.g. PowerPoint slides presentation or video demonstration. 

Inevitably ERs will miss part of the CME sessions due to working 

shifts. From the year 2019, capnography was available in ED 

Hospital Melaka (Oridion® sidestream device for the intubated 

patient only). Summary of CW in different clinical scenarios was 

printed and attached on the wall next to monitoring devices in 

the resuscitation zone to aid clinical judgment of clinicians when 

interpreting CW.

This study was conducted in compliance with the ethical 
principles outlined in the Declaration of Helsinki and Malaysia  
Good Clinical Practice (GCP) Guideline.

Population and Sample Size

ERs in ED Hospital Melaka  were recruited through universal 
sampling. The ERs who were on leave during the study period 
and did not complete the questionnaire were excluded from the 
study. 

The sample size was calculated using Power Analysis and Sample 
Size Software (PASS) version 11.0 (NCSS, LLC, Kaysvillie UT, 
USA). Sample size calculation followed Bujang and Baharum’s 
(14) recommendations to analyze the correlation between 
knowledge and practice. To achieve a significant result (p<0.05) 
with sufficient power (80%) and at least a correlation coefficient 
of 0.4, the below formula was applied (14,15). 

Sample size = N = [(Z
α
 + Z

β
)/C]2

The standard normal deviate for α = Z
α
 = 1.9600

The standard normal deviate for β = Z
β
 = 0.8416

C = 0.5 x ln[(1+r)/(1-r)] = 0.4236

N = [(Z
α
 + Z

β
)/C]2 = 42

A 10% dropout rate was added to the total sample to get the 
required sample size. As a result, the total number of 48 
respondents was required for inferential analysis. Respondents 
were approached personally by the author to improve the 
engagement in this study to ensure the dropout rate not 
exceeding the estimation of 10%. Any confusion, doubts, and 
queries would be explained promptly, and the author would 
receive feedback directly after the questionnaire was answered. 

Research Tool Development

We adapted The Association of Medical Education in Europe Guide 
no. 87 for educational research questionnaire development to 
formulate the questionnaire (16). The questionnaire construction 
process consists of five stages: item development, pretest, face 
validation, pilot study, and finalize questionnaire (16). 

In the context of this study, knowledge is defined as the correct 
interpretation of CW tracing, and practice is defined as the 
correct management of patients based on the simulated clinical 
picture and end-tidal CW interpretation. The questionnaire 
was constructed with the concept of the minimally competent 
candidates (or “borderline candidates”) to discriminate between 
candidates with and without adequate theoretical and applicable 
knowledge (17).
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Stage 1: Item Development

An extensive literature review was conducted using textbooks, 
PubMed, and Google Scholar. The term “end-tidal capnography 
waveform” is synonymous with “EtCO

2
”, “waveform 

capnography”, “end-tidal carbon dioxide”, “capnography”, “end-
tidal capnography” and “EtCO

2
 waveform monitoring”. Existing 

questionnaires related to knowledge and practice towards end-
tidal capnography waveforms were sought. Core topics in EtCO

2
 

were listed after interviews with emergency physicians and 
readings from journals, international guidelines, or consensus. 

The knowledge section’s core topics included normal waveform 
interpretations, indications of EtCO

2
 monitoring, and causes of 

flat line tracings. The practice section’s core topics included the 
application of EtCO

2
 during CPR, mechanical ventilation, and 

pattern recognition of abnormal waveforms in different clinical 
scenarios.

Stage 2: Pretest of the Draft Questionnaire

Selected items were drafted into a questionnaire and pretested 
among 15 ERs. Interviews were conducted to check for 
comprehensiveness, readability, relevance, and clarity of the 
draft questionnaire. Feedbacks were considered, and corrections 
were made to the draft questionnaire. 

Stage 3: Face and Content Validation

For face validation, a panel consisting of 6 experts in the field 
of end-tidal CW in the emergency setting was invited to validate 
the questionnaire (18,19). They are emergency physicians 
or consultants who have clinical experience in end-tidal CW, 
education/training, or survey study.

The content validity index (CVI) was calculated for each item 
to decide its acceptability. Experts were asked to rate items for 
clarity, relevance, representativeness, and importance on a 
4-point scale. For instance, to rate relevance of an item, experts 
are given four options: 1 = not relevant, 2 = somewhat relevant, 3 
= quite relevant, 4 = highly relevant (20). The scale-level content 
validity index (S-CVI/Ave) was calculated using the averaging 
calculation method. Ratings of more than 0.9 are considered 
excellent content validity (21). In this study, S-CVI/Ave score for 
both knowledge and practice was 0.9 and above.

Stage 4: Pilot Study and Retest

A pilot test was carried out among 15 ERs, and a retest was 
conducted a week after. The intraclass correlation coefficient 
(ICC) was used to test the reliability of the questionnaire. ICC 
values of less than 0.5 indicate poor reliability, values between 
0.5 and 0.75 indicate moderate reliability, values between 0.75 
and 0.9 indicate good reliability, and values greater than 0.90 

indicate excellent reliability (22,23). In this study, all the items 

achieved an ICC of more than 0.7.

Stage 5: Finalise Questionnaire

The final questionnaire consists of six items in the demographics 
section, 10 items in the knowledge section, and 10 items in the 
practice section (Appendix 1). 

Data Collection

The questionnaire was distributed among respondents who 
fulfilled the criteria and consented from September 1st, 2019 
to February 28th, 2020. Respondents who were involved in the 
pretest and pilot study were excluded. They were required to 
answer all the items within one hour, without discussing or refer 
to any resources. 

Statistical Analysis

Statistical analysis was performed using Statistical Package 
for the Social Science version 20.0 (SPSS Inc. Cary, NC, USA). 
The distribution of the data set was determined by evaluating 
skewness and kurtosis results. The skewness and kurtosis value 
within -1 to +1 were considered normal distribution of the data 
set. Numerical data were reported either as mean [standard 
deviation (SD)] or median [interquartile range (IQR)]. Categorical 
data were reported as a percentage (%). 

There were 10 items in the knowledge and practice section, 
respectively. One (1) mark would be given for the correct response 
in each item. The minimum score would be 0, and the maximum 
score would be 10 in each section. For each respondent, correct 
responses were summed up to give rise to a total knowledge 
and practice score. Then, the mean score for each section was 
analyzed with descriptive statistics function in SPSS.

To discriminate respondents with adequate theoretical and 
applicable knowledge and those without, a traditional passing 
mark of 60% in the professional medical examination was set in 
our study (24-26). Respondents who score 6.00 and above were 
considered “adequate”, and those who score 5.99 and below were 
considered “inadequate”. We have a similar understanding that 
there is no gold standard in standard-setting methods (24,27,28). 
Hence, the different methodology may yield different passing 
marks (17,28). 

Correlation between knowledge and practice was analyzed using 
the Pearson correlation coefficient because the data was normally 
distributed. The correlation coefficient value of less than 0.2, 0.2 
to 0.39, 0.4 to 0.59, 0.6 to 0.79, and 0.8 to 1.0 indicates very 
weak correlation, weak correlation, moderate correlation, strong 
correlation, and very strong correlation respectively.
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Point estimation from the general population mean with a lower 
and upper bound of 95% confidence interval was calculated. 
Therefore, p<0.05 was considered to be statistically significant.

Results

Demographic Characteristics

Forty-eight ERs were enrolled in the study. The respondents’ age 
ranged from 26 to 32 years old (Table 1). The median (IQR) age of 
respondents was 27 (1) years old. The predominant gender of the 
respondents was female (70.8%). The duration of medical service 
among respondents ranged from 12 months to 52 months. The 
median (IQR) duration of respondents’ medical service was 21 
(8.8) months.  The respondents’ duration of ED service ranged 
from 14 days to 28 months. The median (IQR) years of experience 
in ED was 3 (3.5) months. Among 48 respondents, only one of 
them had formal training in CW application.

Capnography: Knowledge Score

The mean score of overall respondents’ knowledge (± SD) was 
5.69±1.82. The number of respondents who scored above 60% 
was 62.5% (Table 2). Item K3a had the highest percentage of 
correct response (100%), while item K2a had the lowest correct 
response percentage (33.3%) (Figure 1).

Capnography: Practice Score

The mean score of respondent skill/practicing ability was 
4.40±1.81. The number of respondents who scored above 60% 

was 29.2% (Table 2). Five out of 10 items had more than 50% 

correct responses (Figure 2). Item P2 had the highest percentage 

of correct responses (64.4%), while item P8 had the lowest correct 

response percentage (4.2%).

Correlation Between Knowledge and Practice Score

There was a weak and non-significant correlation between the 

two variables, r=0.19, p=0.20. 

Table 1. Characteristics of respondents

Item Mdn IQR

Age (years) 27 26.5-27.5

Duration of medical service (months) 21 12.2-29.8

Duration of experience in ED (months) 3 0-6.5

Gender n %

Male 14 29.2

Female 34 70.8

Formal training in capnography application

Yes 1 2.1

No 47 97.9

Mdn: Median, IQR: Interquartile range, ED: Emergency department, n: Number, %: Percentage

Table 2. Adequacy level in knowledge and practice

Inadequate Adequate

Knowledge 18 (37.5%) 30 (62.5%)

Practice 34 (70.8%) 14 (29.2%)

Respondents who scored correct responses of ≥60% in each section were considered achieved an adequate level of understanding

Figure 1. The correct response in the knowledge section

Y-axis/percentage (%): percentage of respondents answered correctly. 
X-axis/item: a total of 10 items, starts from item K1a and ends with item 
K4. Item K3a had the highest percentage of respondents who answered 
correctly (100%), while item K2a had the lowest percentage of respondents 
who answered correctly (33.3%).
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Discussion 

This questionnaire’s objective was to assess the knowledge and 
practice of the ERs towards EtCO

2
 interpretation and application 

because capnography offers great opportunities to improve 
the quality of treatments and give rescuers feedback on the 
effectiveness of life-saving procedures, particularly during the 
management of critically ill patients. However, without adequate 
knowledge of CW interpretation and application, capnography is 
just a fancy gadget without purpose. It is necessary to prepare 
future ERs on the right path of patients’ safety and effective 
practice regarding the CW application. 

In our study, the majority of the respondents were junior doctors. 
The most senior respondent in this study served 4 years in health 
service and 2 years in ED. There were a few identified reasons 
for lack of senior ERs. For instance, the diversity/complexity in 
patients’ clinical presentations (trauma, acute surgical, neuro-
psychiatric, acute medical, domestic violence, child abuse), shift 
duty, challenges in leave management, and “not knowing what 
is coming through the doors next” (29). In Malaysia  scenario, 
ERs with a great interest in pursuing their career in Emergency 
Medicine by joining the master program or fellowship program 
will serve longer in the ED. 

Being a junior ER and working in the overcrowding and 
unpredictable environment with undifferentiated cases is indeed 
a great challenge, particularly in making appropriate clinical 
reasoning and decision making of undifferentiated illness from 
different genders and age groups. ED clinician’s responsibilities 
that exceed the junior ERs’ capabilities may lead to stress, hence 
providing substandard management to patients.

In most of ED in Malaysia, the severity of the patient’s condition 
was categorized into three zones, i.e., red zone (critical), yellow 
zone (semi-critical), and green zone (non-critical). Red zone 
and yellow zone patients suffered from life-threatening and 
potentially life-threatening conditions whereby the capnography 
evaluation is indicated in the measurement of adequacy of 
alveolar ventilation, airway integrity, cardiopulmonary function, 
and ventilator function. ED administrator tends to locate the 
junior ERs to the non-critical zones for them to familiarise with 
the new challenges, new workplace environment, and different 
type of cases. Therefore, it was not surprised if the respondents 
had inadequate knowledge of capnography and its application. 
Few studies revealed that despite the availability of capnography 
devices, there was a lack of knowledge and skills among 
emergency medical service providers (30,31).

This study revealed that most respondents (97.9%) did not receive 
any formal training in capnography during their undergraduate 
years and internship period. Probable reasons included EtCO

2
 is 

not an important vital sign in Malaysia, it is not widely available 
throughout the country, and PaCO

2
 level is available in arterial 

blood gases test (32-34).  

The knowledge score distribution among the ERs of less than 
6.0 and above 6.0 was 38% and 62%, respectively. Surprisingly, 
two-thirds of ERs had adequate knowledge of capnography. 
The mean (± SD) score of overall respondents’ knowledge was 
5.69±1.82. All the respondents answered correctly regarding 
CW’s indication during the management of sudden cardiac arrest 
or CPR (Question K3a). However, three-quarters of them did not 
answer correctly on the normal range of EtCO

2 
(Question K2a). 

Most ERs had achieved an adequate level in the knowledge 
section despite limited training, and previous exposure was 
an interesting finding. There are a few reasons to explain the 
above findings. In our opinion, the CW has a simple structure or 
shape, and the information is easily deduced if the respondents 
understood the respiratory system, carbon dioxide transport, 
and cellular metabolism. A study by Iyer et al. (35) in 2015 
demonstrated after mild exposure and education, nearly all 
the respondents were able to achieve basic understandings 
and adequate knowledge in EtCO

2
 readings. Moreover, in our 

ED, CW in different clinical scenarios was printed and exhibited 
on the wall next to the resuscitation zone’s monitoring devices. 
The exhibited printed information provides interpretation 
assistance of the waveform and troubleshooting assistance to the 
doctors on duty. Interpretations and use of CW were discussed 
briefly during relevant topics in continuous medical education 
(CME) sessions, e.g., cardiac arrest, emergency intubation, and 
post-intubation care. ERs may also acquire knowledge on CW 

Figure 2. The correct response in the practice section

Y-axis/percentage (%): percentage of respondents answered correctly. 
X-axis/item: a total of 10 items, starts from item P1 and ends with item 
P10. Item P2 had the highest percentage of respondents who answered 
correctly (64.6%), while item P8 had the lowest percentage of respondents 
who answered correctly (4.2%)
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during attending relevant courses, e.g., advanced cardiac life 
support (ACLS) and mechanical ventilator workshop. And not to 
mention the role of emergency physicians who discussed the 
capnography’s advantages and disadvantages during their ward 
round or bedside teaching. 

In this study, most ERs (71%) had a practical score of less than 6.0, 
which is considered insufficient practical skill regarding response 
to abnormal CW. The mean (± SD) score of overall respondents in 
the practice section was 4.40±1.81. Most of the questions in the 
practice section were answered incorrectly by the ERs. Only 64% 
of respondents answered correctly for re-intubation in the event 
of continuous flat waveform tracings post-intubation, and only 
4% of respondents able to recognize the leaking endotracheal 
tube and choose to re-intubate patients. 

In our hospital setting, CW only available in the form of sidestream 
device for monitoring intubated patients in the resuscitation 
zone. Limited working experience in the resuscitation zone, 
less exposure to the practical use of waveform, and it was not 
consistently applied to the patient may contribute to the low 
competency level in the practice section of our study (36-38). The 
inconsistent use of CW among clinical staff in acute care settings, 
despite emerging evidence of CW monitoring in improving 
patient safety, is a discouraging fact. Lack of awareness and 
specific knowledge deficits on the importance of CW in clinical 
practice contribute to capnography application failure (39). The 
planned organizational effort for implementation plays a role in 
promoting CW (40,41). In the UK, the 4th national audit project 
of the Royal College of Anaesthetists and Difficult Airway Society 
(NAP4) recommended CW monitoring during intubation in the 
ED setting (42). 

Competence is the acquisition of knowledge, skills, and abilities 
at a level of expertise sufficient to perform in an appropriate work 
setting. In simple words, knowledge and practice should always 
go hand in hand (30). Our study demonstrated an extremely 
weak correlation between the interpretation knowledge of CW 
and its clinical application. In other words, the respondent’s 
knowledge was not reflected in their practice. Reasons for the 
insignificant correlation could be multifactorial. Lack of policy, 
lack of motivation, and inadequate training may be part of the 
reasons (43). We believe that the interpretation of CW is related 
to pre-existing theoretical knowledge but the clinical application 
requires practice and experience, hence the correlation was 
weak.

Interestingly, this finding was similar to a study conducted by 
Wylie et al. (31) in 2019, except the studied population were 
paramedics. The study demonstrated that pre-hospital care 
staff achieved high CW knowledge scores but low scores in CW 

applications. However, the attributing factors were not studied 
(31).

Recommendations

Our study showed different results from other studies (30,44). 
It was also contrary to common study findings that higher 
knowledge scores were associated with higher practice scores 
(45-47), and vice versa. Hence, different strategies are required 
to improve the competency of ERs in CW. The training program is 
of utmost importance: Czyż et al. (30) in 2018 demonstrated that 
emergency medical services providers who received training in 
CW achieved significantly higher scores than those who did not 
receive training. 

CME sessions regarding basic and advanced usage of CW should 
be organized at the departmental level. The knowledge of CW 
should be incorporated into other related courses, e.g., ACLS. 
Bedside teaching should be encouraged and continued. In 
particular, a specific indication of CW can be discussed, e.g., 
during CPR, with the addition of current evidence, benefits, 
and data interpretations rather than a general overview. The 
discussions will then serve as a gateway to other applications 
with CW (41). Diagram, poster, or flip chart regarding CW should 
be made available in the resuscitation zone. The logbook should 
include CW applications as one of the core competencies in the 
emergency residency program. 

At the organizational level, the standard operating procedure of 
positive ventilated patient care should include CW monitoring. 
EtCO

2
 level should be monitored in all positive ventilated patients 

and documented in medical records or charts (48,49). Stocks of 
capnography should be made available and easily accessible in 
the department (41).

Study Limitations

There are limitations to this study. The methodology and study 
design limit the sample, and the results cannot be generalized 
to other departments, e.g., ICU care settings, or different posts 
in emergency care settings, e.g., staff nurses. The closed-
ended type instrument limits its ability to explore the reason 
for different competency levels in the knowledge and practice 
section. The difficulty level of each item and item discrimination 
were not analyzed in this study. The lack of respondents with 
previous training and experience in CW also makes studying the 
correlation between them and knowledge with practice difficult. 
We do not know whether senior ERs would have produced 
different outcomes in this study. Future studies should involve 
a different level of expertise or center and further validation of 
the instrument.
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Conclusion

The knowledge in CW among ERs, particularly junior residents, 
was sufficient. However, the appropriate response towards the 
abnormal finding of CW was questionable. Strategies should be 
formulated to enhance their knowledge and training on the daily 
application of CW, with the ultimate goal of improving patient 
safety.
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Appendix 1

THE ASSESSMENT OF END-TIDAL CAPNOGRAPHY WAVEFORMS 
INTERPRETATION AND ITS CLINICAL APPLICATION FOR EMERGENCY 
RESIDENTS IN Malaysia: A CROSS-SECTIONAL STUDY

Section A: Demographics
Age: Gender: Male/Female

Years of medical service:        year/s           month/s

Years of experience in the emergency department:   year/s   month/s

Previous training in capnography waveforms: Yes/No

Years of experience in capnography waveforms monitoring:

Section B: Knowledge

This section consists of 4 questions related to end-tidal 
capnography waveforms interpretation. Select the correct answer.

1. Diagram below shows a normal end-tidal CO
2
 capnography 

waveform tracings. AB-BC-CD-DE represents phases in a waveform 
produced by inspiration and expiration.

Please match the following:

Alveolar plateau Early inspiration Expiration Early expiration

Late inspiration Late expiration Alpha angle End-tidal CO
2

a. D represents _________________

b. CD represents ________________

c. DE represents ________________

2. Please tick your answer

Regarding EtCO
2 
level True False Unsure

a. The normal range is 30 - 40 mmHg

b. Hypotension decreases EtCO
2
 level

c. Hyperpyrexia increases EtCO
2
 level

3. Please tick your answer

Indications of capnography 
waveform monitoring in the 
emergency department include

True False Unsure

a. Cardiopulmonary resuscitation

b. Ischemic stroke

c. Dengue fever

4. A 50 years old patient was intubated and sedated in the 
resuscitation zone. End-tidal capnography (EtCO

2
) was applied 

and produces the capnography waveform, as shown below. What 
are the possible causes?

I. Cardiac arrest

II. Hypovolemia

III. Oesophageal intubation

IV. Kinked endotracheal tube

a. I & III.

b. I, II & IV.

c. I, III & IV.

d. I, II, III & IV.

Section C: Practice

This section consists of 10 questions related to capnography 
waveform simulation and application. Select the correct answer.

1. A 50 years old gentleman had a cardiac arrest in the 
emergency department. Cardiopulmonary resuscitation (CPR) 
commenced immediately, and the patient was intubated. End-
tidal capnography (EtCO

2
) applied. Tracings, as shown below with 

ongoing CPR.

 

What is the most appropriate action?

a. Continue chest compression.

b. Switch compression provider.

c. Terminate chest compression.

d. Increase the volume of bagging.

2. A 60 years old gentleman had a sudden cardiac arrest. 
Cardiopulmonary resuscitation (CPR) commenced, and the 
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patient was intubated. End-tidal capnography (EtCO
2
) applied. 

Capnography waveform tracings, as shown below with ongoing 
chest compression. 

What is the most appropriate action? 

a. 5 point auscultation of the lungs.

b. Readjust ETT depth.

c. Re-intubate patient.

d. Switch compressor.

3. A 30 years old patient was intubated during cardiopulmonary 
resuscitation (CPR). End-tidal capnography (EtCO

2
) applied. 

Capnography waveform, as shown below, was noted during chest 
compression. 

 

What is the most appropriate action? 

a. Perform lung auscultation. 

b. Continue high-quality CPR.

c. Increase the rate of bagging.

d. Switch chest compressor.

4. A 50 years old gentleman had a sudden cardiac arrest. 
Cardiopulmonary resuscitation (CPR) commenced. The patient 
was intubated, and end-tidal capnography (EtCO

2
) was applied. 

High-quality Cardiopulmonary resuscitation (CPR) was performed 
for 20 minutes and remains asystole during pulse check. The 
capnography waveform below was noted persistently throughout 
the 20 minutes of chest compression. 

What is the most appropriate action?

a. Continue high-quality CPR.

b. Switch chest compressor.

c. Increase the rate of bagging.

d. Termination of resuscitation.

5. A 50 years old lady had a sudden cardiac arrest. 
Cardiopulmonary resuscitation (CPR) commenced immediately, 
and she was intubated. End-tidal capnography (EtCO

2
) applied. 

High-quality CPR was performed for 20 minutes, and you noticed 
capnography waveform changes, as shown below. 

What is the most appropriate action? 

a. Pulse check.

b. Increase the rate of bagging.

c. Decrease the volume of bagging.

d. Termination of resuscitation.

6. A 70 kg patient with an isolated severe traumatic brain injury 
was intubated. Ventilator connected and end-tidal capnography 
(EtCO

2
) applied. Ventilator setting: mode SIMV, tidal volume 

500ml, rate 22, IE ratio 1:2, FiO2 1.0. The capnography waveform 
is shown below. 
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What is the most appropriate action? 

a. Reduce the ventilation rate.

b. Increase tidal volume.

c. Prolonged I: E ratio.

d. Reduce FiO
2
.

7. A 65 years old patient was intubated for poor respiratory effort 
and hypoxia secondary to severe pneumonia. The capnography 
waveform is shown below. 

What is the most appropriate action? 

a. Re-intubate the patient.

b. Increase the tidal volume setting.

c. Administer bronchodilator therapy.

d. Check the plateau pressure.

8. A 30 years old male patient was intubated in the resuscitation 
zone. The ventilator was connected, and end-tidal capnography 
(EtCO

2
) was applied. Endotracheal tube (ETT) size 8mm was used, 

anchored at 24cm, and the pilot balloon inflated with 10cc of 
air (ETT cuff pressure measured 25cmH

2
O). The capnography 

waveform is shown below. 

What is the most appropriate action? 

a. Readjust ETT depth to 22cm.

b. Administer bronchodilator therapy.

c. Re-intubate with the same size endotracheal tube.

d. Inflate the pilot balloon with another 10cc of air.

9. A 25 years old gentleman had a severe maxillofacial injury. 
He was intubated and ventilated. End-tidal capnography (EtCO2) 
applied. Ventilator setting: mode SIMV, tidal volume (Vt) 480ml, 
rate 10, IE ratio 1:2, FiO2 1.0. The capnography waveform is 
shown below. 

What is the most appropriate action? 

a. Increase the I: E ratio to 1:3. 

b. Increase Vt to 600ml.

c. Increase rate to 14.

d. Switch to CMV mode.

10. A 25 years old gentleman was intubated using an endotracheal 
tube (ETT) diameter of 8mm, anchored at 28cm, and the pilot 
balloon inflated to achieve ETT cuff pressure of 20-30 cmH

2
O. 

The ventilator is connected, and end-tidal capnography (EtCO
2
) 

was applied. Capnography waveform tracings, as shown below. 

What is the most appropriate action?

a. Re-intubate with ETT size 7 mm.

b. Remove 5cc of air from the ETT cuff.

c. Administer bronchodilator therapy.

d. Readjust the depth of ETT.

- End of questionnaire   -


