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Abstract

Purpose—While capnography is being incorporated into clinical guidelines, it is not used to it's
full potential. We investigated reasons for limited implementation of capnography in acute care
areas and explored facilitators and barriers to its implementation.

Methods—A purposeful sample of physicians and nurses in emergency departments (ED) and
intensive care units (ICU) participated in semistructured interviews. Grounded theory, iterative
data analysis and the constant comparative method were used to analyze the data to inductively
generate ideas and build theories.

Results—Nineteen providers were interviewed from five hospitals. Six themes were identified:
variability in use of capnography among acute care units, availability and accessibility of
capnography equipment, the evidence behind capnography use, the impact of capnography on
patient care, personal experiences impacting use of capnography, and variable knowledge about
capnography. Barriers and facilitators to use were found within each theme.

Conclusions—We observed varied responsiveness to capnography and identified factors that
work to foster or discourage its use. This data can guide future implementation strategies. A
deliberate strategy to foster utilization, mitigate barriers and broadly accelerate implementation
has the potential to profoundly impact use of capnography in acute care areas with the goal of
improving patient care.
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Capnography, or continuous end-tidal carbon dioxide (ETCO,) monitoring, is the graphic
representation of carbon dioxide expired during the respiratory cycle. From its inception in
the 1960s, evidence has grown to support capnography for a variety of indications and
patient populations.1™ This has led to its inclusion into national guidelines for recommended
use.6-9

Large gaps exist between evidence and practice. As demonstrated in studies of emergency
departments (EDs) and intensive care units (ICUs), capnography is available in these
settings, but not used to its full extent.19-14 Although there are many factors involved in the
successful adoption and implementation of new technologies, little research exists to
describe how new bedside, patient-care devices are incorporated for routine use in the work
environment.15 16 Physicians, nurses, or hospital administrators can initiate the purchasing
phase of a new device. Thereafter, the ways in which medical units implement new
technologies is based on repeated behaviors dictated by policy and customs that characterize
these units’ daily activity and is often influenced by adult learning practices.1® As medical
technology advances, implementation of new technologies becomes evermore commonplace
and these routines often change. It is important to incorporate learning theory and identify
variables necessary for technology adoption to be successful. Some barriers to adoption and
implementation are based on physician perceptions and local culture. Overall, these
processes are not well understood.’

This is the first study to assess current perceptions about capnography and investigate
reasons for limited implementation at the bedside in acute care areas. Our goal was to learn
from clinician experiences in acute care settings with capnography and explore the
facilitators and barriers to its implementation. Identification of these key issues and their
relationship to adult learning theory is required in order to identify effective implementation
strategies for acute care settings.

Materials and Methods

In order to better understand medical providers’ perceptions, experiences and beliefs about
capnography, a mixed-methods, exploratory study was conducted at five sites in
Connecticut.28 19 To achieve a broad perspective, sites included Yale-New Haven Hospital,
an urban, tertiary care, academic center; Connecticut Children's Medical Center, a
freestanding, academic children's hospital; Yale-New Haven Children's Hospital, a non-
freestanding, academic children's hospital; Bridgeport Hospital, an urban, private hospital;
and Norwalk Hospital, a suburban, community hospital. Using semistructured interviews,
we explored health care provider experiences with capnography and obtained insight into
facilitators and barriers to its implementation in ICUs and EDs.18: 20

Our interdisciplinary research team consisted of an administrative coordinator with
experience in qualitative interviewing (P.S), a general pediatrician with expertise in
qualitative methods (A.G.A.), two pediatric emergency medicine physicians with experience
in qualitative research (A.R, M.L.L.), and a medical student (J.C.K). We employed
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purposeful sampling of interviewees in an effort to enroll participants that would have had
an opportunity to use capnography at the bedside.18: 20. 21 Departmental heads and nurse
managers from each unit were contacted by the study investigator (M.L.L.) and asked to
identify colleagues who spent the majority of their time in a clinical role. One doctor and
one nurse from the ED and ICU of each site were targeted for enrollment. Individuals were
contacted by telephone or email about study participation and provided a written
information sheet. A small monetary incentive was provided at the completion of the
interview. Basic demographic information was collected from participants. The institutional
review board of each participating hospital approved this study.

Data collection ran from July 2012 through December 2012. Interviews took place within
the participants’ institution at a time and place convenient to the participant and were all
conducted by one investigator (P.S.). A semistructured interview guide with probes was
used, which explored providers’ knowledge and opinions about capnography, and their
experiences with capnography in caring for patients.18: 20 This was part of a larger interview
which discussed new technology in general. Participants for whom capnography was
available but who did not use capnography were queried about potential reasons for non-use.
The interview guide was piloted with a nurse and physician who have utilized capnography
in the clinical care of patients. The interviews, which lasted an average of 30 minutes, were
audio-recorded and professionally transcribed. Missing text from the transcriptions were
compared to the original audio recordings and re-transcribed for completeness by one
investigator (M.L.L.). The interview guide was iteratively adapted after the first several
interviews.

Data Analysis

The principles of grounded theory were applied, including iterative data analysis and the
constant comparative method, such that the data was used to inductively generate ideas and
build theories.8 21. 22 Three investigators read and independently coded each transcript
(M.L.L, AR, J.C.K). The coding team then met and reviewed each transcript line-by-line.
Discrepancies in coding were discussed until group consensus on the data was established.
Related concepts were then combined into categories and emergent themes were identified
consistent with a grounded theory approach in order to describe key issues and experiences
discussed by the participants. 18: 21,2218, 21,22 (18 21 22) (18, 21, 22) 18,21,22 18, 21, 22
18, 21,22 18, 21, 22 18, 21, 22 18, 21, 22 An iterative process of data analysis occurred
such that codes were revised, added and deleted to refine the code structure.18: 20-22

The first and second rounds of analysis focused on questions within the interview guide in
order to allow subsequent interviews to be shaped by the preceding analysis. Changes to the
interview guide based on the inductive analysis were explained and recorded in order to
enhance reliability and reproducibility of the study.2% 21 Recruitment and interviews
continued until data reached theoretical saturation: that is until no new themes emerged.18
Once the code structure was finalized, the primary author (M.L.L.) reviewed all transcripts
to ensure that the data was coded consistently. One study investigator (A.G.A.)
independently reviewed selected transcripts in the process of data triangulation.18: 20. 21 An
audit trail was created to provide systematic and detailed documentation of analytical
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decision-making during this process. HyperResearch (ResearchWare, Inc.), a qualitative
analysis software tool, was used to organize the analysis of transcribed data. This allowed us
to collate data by type of participant, unit, and hospital.20: 23

Cohen's kappa was used to assess the agreement in reporting of use between providers from
the same unit. Fisher's exact test and Student's T-test were used to analyze demographic data
and assess for differences among those reporting capnography use and non-use.

Nineteen acute care providers were interviewed from ten hospital units. The nursing staff
from one ED refused to participate. Participant characteristics are summarized in Table 1.
There was excellent agreement between respondents (kappa 0.89, 95% confidence interval
0.68-1.0); that is, physicians and nurses from the same unit expressed similar views about
the availability and overall use of capnography in their setting. Three units (two ICUs and
one ED) reported that capnography was used rarely or not at all. All remaining units had
some degree of capnography use. There was no statistically significant difference in report
of use by type of unit (p=0.63), by age of providers (p=0.85) or number of years for which
the provider was working on the unit (p=0.31).

We identified six themes surrounding use of capnography. These include existence of
variability in capnography use among acute care units, availability and accessibility of
capnography equipment impacts use, dissimilar interpretation of the evidence behind
capnography use, disparate views on capnography's ability to impact patient care,
experiences with capnography impacting future use, and diversity of knowledge about
capnography interpretation. Categories corresponding to barriers and facilitators within
these themes are summarized below and presented in Table 2 along with illustrative quotes.

Variability exists in capnography use among acute care units

Capnography use varied among ED and ICU staff. Most participants reported use for
selected patient populations and indications as well as lack of use for others. More
importantly, there was variable use among staff members within a unit. On some units, staff
champions promoted the use of capnography for certain indications, but it was perceived
that capnography was not used as often when these individuals were not present. This is in
contrast to other units where policies are in place to standardize use by staff. Overall,
cultural and administrative issues within the units were reported that influenced providers’
patterns of use.

Availability and accessibility of capnography equipment impacts use

The ability for providers to quickly access capnography is a key factor that providers
identified as a facilitator of use in acute care areas. ICUs with better accessibility reported
more routine use. For instance, ICUs in which responsibility for storage and setup of
capnography is largely placed on respiratory therapists exemplified this enhanced
availability. Similarly, the presence of capnography monitors within each patient room was
noted to make regular use easier.
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One of the main barriers consistently found within ICUs and EDs with more sporadic or
poor use is lack of availability and accessibility of equipment. Many participants recalled
difficulties in finding or setting up capnography, if it is available at all. This appears to have
hindered use, as providers reported that they are not incentivized to take the time out from
their busy patient care activities to perform these tasks. Despite these issues, active
proponents of capnography reported that they will go out of their way to access capnography
equipment for their patients, even if it is not part of policy or the standard of care in their
unit.

Dissimilar interpretations of the evidence behind capnography use is

apparent

Many of the providers who use capnography in our study cite its use as a standard of care in
their patient populations. Policy plays a role on some units as well. In these cases,
capnography may be used as a matter of course, but how the data capnography generates are
used is less clear. This was found with respect to capnography use during procedural
sedation in non-intubated patients as well as in the monitoring of intubated patients.

Occasionally providers did not feel there was sufficient evidence to support the use of
capnography. For the indication of sedation, some providers expressed desire for consensus
statements or hospital policies requiring its use before instituting it within their unit. More
comprehensive data on capnography use is felt to be needed prior to applying this device in
patients.

Disparate views exist as to the ability of capnography to impact patient

care

Many acute care providers recognize the benefits of capnography for a number of
populations and indications. This is most clearly demonstrated for patients receiving
sedation. Interview participants often discussed capnography's ability to be an earlier
detector of respiratory depression compared to other monitoring modalities. Knowledge
about the benefits of capnography is also described for continuous monitoring of intubated
patients, particularly when compared to blood gas analysis. Fewer physicians and nurses
discuss the benefits of capnography use during cardiopulmonary resuscitation (CPR).

Some subjects feel that the device is not helpful with specific patient populations and
therefore makes capnography unnecessary. This is particularly true for patients who are not
intubated. Some nurses expressed feelings that capnography is not a valuable tool and did
not benefit the patient or the staff. Physician-nurse hierarchies are noted here as well.
Whereas many participants report the ability to discuss use of technology in an open, team-
centered approach, others did not. Several instances are reported where a nurse who
considers capnography in a patient may be precluded from using it if the physician does not
feel it is necessary or if they are not comfortable with capnography.
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Personal or anecdotal experiences with capnography can impact future use

Whether due to advances in technology, expanding literature or the natural diffusion of this
technology, capnography is being used more often in some units. This increase in use may
be more generalized or may be specific to certain types of patients. The addition of staff
training, as well as positive reinforcement by other staff members and leadership, were
noted to facilitate use. Similarly, the use of capnography by other departments is reported to
encourage use on acute care units.

Some ICU physicians in this sample reported instances where capnography use was reduced
or even abandoned. The main issues reported are inaccurate readings, difficulties with use,
and a lack of benefit of capnography to their medical-decision making. This was often
coupled with lack of knowledge about advances to the machine itself or new evidence in the
literature. However, personal experience is not always the factor, as some physicians report
that negative opinions expressed by colleagues impacted their use prior to personal
experiences.

Diversity of knowledge and provider sophistication with data interpretation

is evident

There are several nuances to the theme of knowledge translation in regards to capnography.
While several participants exuded confidence and comfort with their knowledge about
capnography, we observed significant knowledge gaps irrespective of comfort level. One
physician repeatedly stated that capnography was a measure of oxygenation. Others talked
about a single indication for capnography use and showed no understanding of use for the
device in other populations. This was most evident in discussions related to intubated versus
non-intubated patients. When it comes to intubated patients, some providers in both the ED
and ICU believe that once the endotracheal tube position is secured, there is no need for
further monitoring. Participants seemed to rely on physical examination and pulse oximetry
for this purpose, and were unaware of the superior sensitivity of capnography for detection
of tube dislodgement. For non-intubated patients, misconceptions about how the device
works and lack of knowledge about nasal-oral cannulas to measure end-tidal CO, were
identified.

The general knowledge gaps we observed are reinforced by a lack of comfort shown by
many that are expected to use the device. Participants felt that a lack of adequate
capnography training perpetuated their apprehension with the use, of capnography.
Particularly among ICU physicians, there is a fear that staff do not possess enough
knowledge to accurately use the device or that they are inappropriately relying on this data.

Discussion

Capnography use is varied among ICU and ED providers and there are few clear trends for
use in acute care settings. While some individuals consider capnography to be standard of
care and develop policies for consistent use, others feel there is no need for this device at all.
Even within individual responses there lies confusion and a lack of clear understanding
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about the indications for use and evidence behind this monitoring device. This study
provides useful insight into both users and non-users of capnography, which can be used to
develop more effective implementation strategies for this technology or other new
technologies.

There are several studies evaluating the availability and utilization of capnography in EDs
and 1CUs.10-14 Despite the increasing literature base for capnography and its incorporation
into national guidelines, capnography is not being utilized to its full potential.° However, it
is not due to lack of it's physical presence on the unit (its adoption), but to a failure of
incorporation into clinical practice (its implementation).24 While our key themes relate to
important points in many current adult learning models such as Bloom's knowledge, skills
and attitude, Kolb's experiential learning theories, or the Trio model of professional

learning, we have found that these theories do not encompass all of the important concerns
of our subjects.25-27 Qverall, our themes can be condensed into three major areas:
environment, experiences and knowledge translation (Figure 1). This study helps shed light
on several modifiable factors related to the successful implementation of technology in these
areas.

When considering the environment where a new technology will be introduced, one novel,
easily modifiable strategy to improve the use of capnography would be to enhance
accessibility. If this device and its components are not stocked and immediately available to
staff, few providers are willing to go out of their way to find it. Keeping a monitor in a
central location, involving support personnel to maintain adequate supplies of connectors
and cannulas, and informing staff as to the location of the device are several options.
Administrators should consider making these monitors available in all patient rooms in the
ED and ICU, where their presence would be most valuable. Supply personnel also need to
be aware of the various size cannulas and tubing required for infants, children and adult
patients to eliminate this barrier. Similarly, since the American Heart Association has
endorsed capnography for monitoring during intubation and cardiopulmonary resuscitation,
this should be considered an essential piece of equipment on hospital code carts.

Also within the realm of the environment are standards for use — whether the use of a
technology will be driven by adherence to a protocol or whether use is based on an
individual staff member's decision and personal preference. Unlike adopted technology that
mandates use, such as electronic medical records, physicians and nurses must independently
implement capnography. While the incorporation of capnography into clinical protocols or
guidelines may increase its use, as suggested by several participants, this may not be an
effective strategy for all bedside technology.28 Mandating use through protocols is a
controversial way to increase implementation.2%-31 Protocol-driven practice change has
varied success rates and often requires additional mechanisms such as audits, feedback,
education or incentives. Furthermore, routine use of capnography espoused by a protocol
does not ensure that the data is being correctly used or interpreted in clinical decision-
making.

Within the realm of experiences, the complexity of a new technology and its ease or
difficulty of use needs to be considered. While capnography possesses several features
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attributed to successful innovation such as low risk, low complexity and clear benefits, it is
unclear why this technology has failed to gain more ground.32 This may be due to the
passive diffusion of this technology without active or planned efforts for implementation
within an organization or lack of local leadership to promote use.33 Also, the personal
experiences of providers and how they perceive a certain technology impacts patient care is
critically important. Since capnography has been shown to improve morbidity and mortality
outcomes, it is important to understand the reasons for this failure in order to facilitate
change. While negative experiences with capnography can dissuade use, disseminating
positive staff experiences and the benefits of the device may augment use of capnography
among providers. A staff champion could serve in this role and has been shown to be
valuable. Encouragement by an array of peers, however, may be better suited in acute care
settings where the clinical schedules of staff can be erratic. Since capnography possesses the
benefit of trialability, that is, a provider can experiment with its use without the risk of harm
to patients, staff should be encouraged to discover the benefits for themselves and share their
experiences with others.32 The positive resurgence of use for certain indications may
naturally lead to increasing use in other patient populations.

The realm of knowledge translation emerged as one of the greatest barriers to consistent
capnography use. Evident in both ED and ICU interviews, there is an incomplete
understanding of capnography in terms of how to interpret data produced by this device and
how it can be applied to patients with various clinical problems. Our subjects often
described episodes where providers applied the technology prior to obtaining the knowledge
and understanding about how to use and analyze the data it provides, thus the inverse of
Bloom's taxonomy.2” Sometimes this came across as a general lack of awareness or specific
deficits in knowledge; at other times this could impact opinions about the current evidence
base or the perceived need for capnography for patient care. More widespread dissemination
of knowledge and education of staff are needed in order to improve the use of capnography.
In particular, focusing on a specific indication, such as CPR or sedation, with emphasis on
the available evidence, interpretation of data, and the potential benefits of capnography
monitoring is likely to be more effective than a broad overview of the device and potential
applications. This will then serve as a gateway to future use for other applications. It is
promising to see that some participants in our study expressed resurgence in use of this
device, are educating staff and are beginning to use capnography in different patient
populations.

There are limitations to our study. The themes and codes generated in this study reflect the
experiences of our interview sample, and therefore cannot be generalized to all acute care
providers. While our sample size is small, we did achieve thematic saturation. Since data
collection and analysis occur simultaneously, had we continued to discover new categories
from the transcripts, additional physicians and nurses would have been approached for
enrollment so that novel concepts would not be left unexplored. We also purposefully
sampled both physicians and nurses who provide direct patient care in a variety of hospital
settings to help us understand a broader culture for capnography use. As institutions and
units vary significantly from one another, only certain strategies described in our manuscript
may be applicable to one's one environment. These results can next be used in larger scale
quantitative studies where they can be further assessed to determine if there are institution or
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unit level factors that are associated with individual barriers or facilitators. The focus on
capnography in our interview guide was the secondary aim of a larger interview, which
looked at implementation of technology in general.

Conclusions

There is a wide range of capnography use in acute care settings. Although this monitoring
modality is used to some extent, it has yet to reach full potential for certain indications and
patient populations. Modifiable factors that may increase the use of capnography in these
settings include improvements to device accessibility and knowledge translation. We have
developed a list of strategies that can help facilitate successful implementation. A deliberate
strategy to foster utilization, mitigate identified barriers and broadly accelerate
implementation has the potential to have a profound impact on improving patient outcomes.
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Figure 1.
Modification of Trio Model of Professional Learning for Implementation of New

Technology.
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Table 1

Characteristics of study participants.

Unit and Provider Type, N (%)

Emergency Department 9 (47)
Physician 5 (26)
Nurse 4(21)

Intensive Care Unit 10 (53)
Physician 5 (26)
Nurse 5 (26)

Age in years, Mean (Min, Max) 43 (27, 62)
Years working on unit, Mean (Min, Max) 9.5 (1, 40)
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Barriers and facilitators to capnography use that emerged within each main theme along with illustrative

quotes.

Theme

Barrier

Facilitator

Variability exists
in capnography
use among acute
care units

Availability and
accessibility of
capnography
equipment
impacts use

Dissimilar

inter pretations of
the evidence
behind
capnography use
is apparent

Disparate views
exist asto the
ability of
capnography to
impact patient
care

Personal or
anecdotal
experiences with

capnography can

Inconsistent use of capnography within a group

ED Nurse: “I've used it more so than others, and they don't
use it, because they have these other things to use. And |
think over time it's going to be not just the exception, but
right now it's the exception; some people use it, some
people don't.”

ICU Nurse: “I think it's a lack of a hard stance that it's
mandated every patient getting conscious sedation, it's
kind of you use your discretion.”

ICU Physician: “I don't know if everyone is using it during
sedation. | think we're starting to do that more
frequently...I suspect when I'm not around, it may not
always be used.”

Lack of availability of capnography

ICU Physician: “Usually the respiratory therapist or the
nurses have to go hunting around for the little module that
plugs into the Philips monitors, and then the respiratory
therapists have to go around trying to find the...tubing that
comes off of the endotracheal tube attachment...we usually
have to sort of spend an hour or so trying to find the stuff.”
ED physician: “Yesterday | was in a room that didn't have
it (the monitor), and I just basically didn't use it.”

ICU Nurse: “I usually borrow it from SICU, because |
don't think we have one down here.”

Lack of sufficient evidence to support use of capnography
ED physician: “I was hoping there would be like more
robust literature saying like, look really it does make a
difference. And there are some positive papers, but they're
not overwhelming, not enough to tell those people who are
confident that they're doing fine already to say like, wow, |
really am missing the boat.”

ICU physician: “I think if I had more data to say that it
more accurately reflected arterial carbon dioxide levels, |
might be more inclined to use it, even if it was in certain
situations...Or that there was other data that it was helpful
maybe in other ways. So | guess | would need some
specific data around it.”

Lack of perceived need

ICU physician: “There may be a patient population of un-
intubated patients that it's useful (for), but I just haven't
come across the need to use it yet on somebody who is not
intubated. I'm not sure that it really works with or is useful
in patients that are un-intubated.”

ED Nurse: “Our sedation protocols are so strict here with
such intense supervision of the child both at a physician
and nurse level that recognizing early changes is typically
not something missed.”

ED Physician: “When people are like, no, we've been
doing sedations for a while, and things have been going
fine. We haven't had people needing-- we haven't had bad
outcomes. Is this really going to add much?”

Negative experiences leading to non-use of capnography
ICU Physician: “On the few occasions when | have used it
I have found that the number that it generates does not
allow me to make an accurate evaluation of the patient's

Policies for and promotion of use of capnography

ICU physician: “The decision was made that it would be
helpful for all intubated patients. We all agreed on having
that policy rather than having to specifically ask for it on
certain intubated patients. So, no matter who gets it even
our transport team, when they go out to get patients, they
have end tidal setups in their transport bags, so any
intubated patient that they pick up from an outside hospital
or if they have to intubate the patient, it gets put right on
and it's part of the vital signs.”

ED Nurse: “You'll use it a lot with one doc and not at all
with another.... If more docs use it more nurses will.”

Easily accessible equipment

ICU Nurse: “The device is in all our rooms. Our monitors
have the ability to monitor CO,. All you need is the probe;
we have a stock of them in the unit. And we have the
cannulas, too.”

ICU Physician: “It's portable and it's close by, and the
people who know how to use it, who understand it, the
respiratory therapists, are the ones who have access to it
and know where if find it.”

Capnography as a standard of care

ICU physician: “Generally, | feel that in intubated patients
it is in 95% of the situations a mandatory mode of
monitoring that patient. It's become my practice. I'd say it's
practice of almost all of us in the ICU that this is an
effective and useful way of monitoring their response to
mechanical ventilation.”

ED physician: “It's pretty much standard of care once they
get intubated that they're hooked up to the capnography.”
ED physician: “It's now standard for any sedation...You tell
the nurse you're going to do conscious sedation for a
procedure. That generates paperwork and a procedure list
for them, the time out and all that stuff. And part of their
list is capnography.”

Observed benefits to patients and providers

ICU nurse: “I think it's vital with a lot of our patient,
especially the intubated ones. Especially when they're
unstable, because it gives us a continuous, frequent analysis
of their respiratory status, essentially... if there are any
sudden or acute changes, you'll know. It can tell us if the
tube is dislodged pretty much instantly with the alarm.”
ICU Nurse: “I think that the big reason that we use it is if
we're having to do frequent blood gases, we like to have a
trend to go by; and it just helps us-- if the number starts
looking much different than it was, it might cue us to do a
blood gas sooner than what we might have.”

ED Nurse: “It's really fast. Well, it takes like 30 seconds or
s0. You put it on and in about 30 seconds you can see the
nice wave. And when they start sleeping and lessen you
automatically can see it.”

ICU Physician: One of the newer tenets of CPR is that you
don't stop the CPR part, or you try to minimize
discontinuing. In the old days, we used to stop and see if
there was a pulse and see if things were working. You don't
need to do that anymore using CO, monitoring. It's a major

advance for how we do CPR.”

Recent resurgence of use of capnography
ICU Nurse: “I think it's gotten revitalized, and people are,
“Ooh, what's our end-tidal CO,? Let's start tracking that on
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Theme

Barrier

Facilitator

impact its future
use

Diversity of
knowledge and
provider
sophistication
with data
interpretation is
evident

pulmonary dead space, which means that | don't really
have a good sense of the patient's pulmonary blood flow.”
ICU Nurse: “They don't always correlate that well. It's sort
to just fallen out of favor. They're sort of a pain to use,
also. It's not a necessarily easy technology. It does plug
into these monitors so that it's probably somewhat easier to
use. But, you've got to hook it up to the ventilator, you've
got to get it calibrated and use it.”

ED Nurse: “Probably the most I've been exposed to that is,
they use it in the field, with EMS. So paramedics will
bring patients in with it from the field. But we take it right
off usually.”

Lack of knowledge regarding application and
interpretation

ICU physician; “I think it's part of understanding the
technology. Again, it's very simple stuff. But it's not
emphasized, maybe not even taught in the earlier levels of
training, like interns and residents.”

ED nurse: “They don't know it...They have only used it a
couple of times, so they feel safer with what they know.”
ICU physician: “I'll tell you that in the ICU Oversight
Committee that | chair...brought forward the idea of
employing this technology widely, believing and swearing
up and down that it's about ventilation, and it's absolutely
not about ventilation. It's only partly about ventilation.
And that misconception will lead to misinterpretation of
the data that comes out of the monitor, and that is
potentially dangerous.”

ED Physician: “Let's take procedural sedation, when a
person is sedated it gives a more accurate depiction of their
oxygen status, rather than pulse oximetry, which used to be
the standard.”

patients. It is getting more utilized now that it's been more
widely understood.”

ICU Physician: “I've reintroduced end-tidal CO,
monitoring for the cardiac arrest setting. In that setting, it's
a superb technology and we're routinely using it now...For
the management of cardiac arrest, looking at the quality of
CPR and the return of spontaneous circulation, it's
transformational. It's a huge advance in CPR.”

ED Physician: “Once everyone knows they use it for all the
sedations in the PICU and they use it for all the sedations
that Anesthesia does, then they're like, okay, | guess we'll
use it too.”

Knowledge and under standing of principles of
capnography

ED physician: “When you sedate somebody, they can lose
their respiratory drive, and a lot of times there's a lag time
between when the oxygen drops, which has been the easier
thing to monitor with the fingertip pulse oximeter. So by
the time the oxygen's dropping, they haven't taken a breath
in a while, especially if they're on supplemental oxygen,
then you're already way behind. So now when you start to
react, you've lost valuable time to evaluate the patient. It's a
much more immediate marker for over-sedation.”

ICU Nurse: “If they start desatting it's obvious there is an
issue, but there is much more subtle modalities like the
end-tidal CO, trending that can alert you of problems a
little before you have to emergency intubate them.”

ICU Physician: “And CPR, it gives you a signal of the
quality of CPR while it's going on, and it tells you without
stopping CPR that the heartbeat has returned; the heart
function has returned.”

ICU Nurse: “Definitely as far as ACLS guidelines and
everything, they've shown that when you have capnography
on board while you're in a cardiac arrest and performing
CPR, that it is indicative of patient outcome. And I think
we've seen that in our arrests here. And it's a quick
indicator for us to see right at bedside, is our CPR
effective.”
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