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Purpose: Capnography monitoring in non-intubated patients requires the use of an end-tidal 
carbon dioxide (EtCO2) sampling line composed of a nasal or oral/nasal cannula connected 
to tubing that goes behind the ears to secure it in place. Some patients find wearing sampling 
lines to be uncomfortable, which can lead to compliance issues with monitoring. To address 
this important issue, we developed advanced sampling lines, designed to ameliorate the 
primary factors impacting patient tolerance.
Patients and Methods: A clinical evaluation was conducted to assess patient comfort 
level and wearing experience with the advanced sampling lines compared to the original 
sampling lines. Subjects were asked to wear the predicate line and the advanced line for 
72 hours each, with individual testing periods separated by at least 48hrs. Subjects were 
asked to complete questionnaires assessing comfort and smell of the sampling lines at 
designated intervals throughout the trial process. In addition, a clinician assessed sub
jects’ skin during and after wearing each sampling line to determine if any skin irritation 
and disruption was evident.
Results: Repeated measures analysis demonstrated improved patient comfort with the 
advanced sampling line compared to the original line over the course of the wearing 
period (p<0.05). Additionally, scores indicate that the smell of the advanced lines was 
perceived as less noticeable than the original line over time. No incidents of skin redness 
or irritation were reported for either sampling line.
Conclusion: The enhancements to the newly designed sampling lines improve the user 
experience, related to both line comfort and smell, which may increase patient compliance 
with monitoring.
Keywords: capnography, supplemental oxygen, end-tidal carbon dioxide, cannula, filter line

Plain Language Summary
Capnography monitoring, which measures a patient’s respiratory rate and the amount of 
carbon dioxide exhaled in each breath, is used to evaluate patient ventilatory status. This 
monitoring requires the use of a sampling line that is placed on a patient’s face, to allow 
measurement of the patient’s breath. In some cases, the sampling line can cause patient 
discomfort, which can lead to patients removing the monitor against clinicians’ wishes. The 
purpose of our study was to compare the comfort and wearing experience of an advanced 
sampling line, compared to an original sampling line. Participants wore each sampling line 
for 72 hours, and completed questionnaires focused on the comfort and smell of the two 
sampling lines. We found that compared to the original sampling line, participants rated the 
advanced sampling line as more comfortable with a less noticeable smell. Together, these 
results suggest that overall patient experience is improved using the advanced sampling line, 
which could increase patient compliance when undergoing capnography monitoring.
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Introduction
Capnography is considered the reference gold standard 
measurement for respiratory rate monitoring1 and requires 
the patient to be connected to a bedside monitor via 
a cannula sampling end-tidal carbon dioxide (EtCO2) in 
each exhaled breath. Capnography sampling lines incorpo
rate either a nasal or an oral/nasal cannula to sample 
exhaled breath and, in some models, deliver oxygen. In 
general, monitoring devices can interfere with patient 
movement and cause discomfort which may, in turn, 
impact clinician–patient interaction. Therefore, comfort 
of monitoring technologies should be maximized to ensure 
patient compliance and continuous monitoring.

While compliance with capnography monitoring may be 
improved when patients are educated on the importance of 
monitoring, research has shown that EtCO2 sampling lines are 
not well tolerated by some patients, which can result in non- 
compliance.2 Although not reported in the literature, clinician 
and patient feedback obtained via observation and informal 
interviews suggests that compliance issues stem primarily 
from discomfort at tubing–skin interfaces and a noticeable 
odor from the plastics used in manufacturing of the sampling 
lines (Medtronic Internal Data). Customer complaint data 
compiled between 2011 and 2015 indicate that issues of 
smell and skin irritation made up 82% of total complaints 
related to capnography sampling lines during this time period 
(Internal Medtronic data). To address these issues, the 
MicrostreamTM Advance sampling lines (Medtronic, 
Boulder, CO, USA), which are composed of new materials 
and incorporate design modifications to significantly enhance 
comfort and mitigate skin irritation, while minimizing odor, 
were created. While design changes may improve patient 
comfort, the more important outcome is patient safety which 
may be enhanced with increased compliance to monitoring.

A clinical evaluation was performed to assess patient 
comfort while wearing the device (specifically at patient– 
cannula interfaces), smell, and the tube fit around the ears, 
neck, and face (Figure 1). The primary objective of this 
study was to compare the comfort levels between the 
current sampling lines and advanced filter lines.

Patients and Methods
Previous Generation Sampling Lines
The Smart CapnoLine® H Plus EtCO2 sampling line 
(Medtronic, Boulder, CO, USA) was selected for testing 
as representative of existing technology. It has a large oral 
scoop designed to provide highly effective oral and nasal 

EtCO2 sampling. In addition, a unique oxygen delivery 
system within the cannula provides comfortable oxygen 
delivery for the patient and is designed to reduce the 
oxygen drying effect on sensitive mucus membranes. 
This original sampling line includes a dryer which reduces 
the sampled gas moisture content and is located near the 
oral-nasal cannula, sometimes coming into contact with 
the patient’s face.

Advanced Sampling Lines
The newly developed sample line portfolio is made with 
new materials and a novel configuration designed to 
enhance patient comfort and compliance. The oral/nasal 
carbon dioxide (CO2) filter line, selected as representative 
of the new advance portfolio, differs from the original 
device in the following ways:

● The dryer has been moved away from the face to 
improve comfort. To increase the usable life of the 
line, the dryer length was increased (from 4 to 6cm) 
because drying capacity is proportional to length. This 
modification resulted in a >25% increase in drying 
capacity and in turn, will extend the usable life of the 
dryer/sampling line (Internal Validation data).

Figure 1 Capnography sampling line with nasal prong oxygen delivery and oral 
EtCO2 capture.
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● The cannula, connectors, and tubing are composed of 
phthalate-free polyvinyl chloride (PVC) compound 
with reduced rigidity, replacing di-(2-ethylhexyl) 
phthalate (DEHP) and diisononyl phthalate (DINP) 
plasticizers. The compound used to make the 
advanced sampling line yields a Shore durometer 
reading that is 25% lower than the material used to 
make the older lines; the lower score indicating less 
resistance to indentation and, therefore, a softer mate
rial. The softer DEHP-free PVC material was used to 
improve the feel of the skin–cannula interface on the 
face as well as the scent of the sampling line. The 
inner geometry of the oxygen delivery tubing was 
modified to include three “ribs” which reduce the 
impact of kinking by preserving airflow (Figure 2). 
This change was incorporated to support compliance 
with ISO 13544-2 and, more importantly, to ensure 
a continuous oxygen supply is maintained when lines 
are kinked. When lines are kinked, the new ribbed 
geometry minimizes the reduction in air flow to 
below 25% (Internal Medtronic data).

All other components are identical to the original 
design. The advanced oral/nasal CO2 filter line was uti
lized for testing as representative of performance enhance
ments made to the newly designed lines.

This study was conducted at the Israeli Skin Research 
Institute in accordance with the Helsinki Declaration and 
Good Clinical Practice. The study protocol and informed 
consent form (ICF) were reviewed and approved by the 
Maayaney Hayeshua Medical Center Ethics Committee, 
which serves as the ethics review board for the Institute. 
All subjects received an oral and written explanation of the 
study from the principal investigator and signed the ICF. 
Thirty healthy subjects, aged 50–83 years, provided writ
ten informed consent and were enrolled in the study. Older 

subjects were of interest as their skin is often more fragile 
and prone to breakdown than younger individuals. 
Subjects were required to wear each of the sampling 
lines for 72 hours while performing their normal daily 
activities. Subjects were asked to sleep with the sampling 
line and not to remove it for an extended period during the 
test. On a given day, subjects could remove the cannula for 
three-short and four-long breaks, 10 and 30 minutes per 
break, respectively. After wearing the first sampling line 
for the 72-hour study period, subjects were asked to repeat 
the process again with the other sampling line.

Prior to starting the study, subjects received training on 
sampling line use (wearing procedure), study instructions, 
and a Likert-scale questionnaire to rate their comfort and 
wearing experience. A cross-over design was used in which 
subjects were randomly assigned to the original or advanced 
oral/nasal CO2 filter line and, after completing a test cycle, 
switched to the other device to complete another test cycle. 
The subjects were periodically monitored throughout the 
study for proper sampling line usage. At the end of each 
test cycle, subjects completed questionnaires to assess to 
their comfort level and wearing experience.

Scoring Assessment
Each subject scored their comfort level and wearing 
experience (parameters listed below) using a Likert scale 
from 1 (not comfortable at all) to 7 (very comfortable).

● General comfort – Represents the overall subject 
experience interfacing with the device

● Comfort around the ears – Represents the interface 
with ears

● Comfort on the face – Represents the interface with 
face and cheeks

● Comfort in the nose – Represents the interface with 
nose, nostrils, and upper lip

● Smell – Represents the perception of the smell inten
sity and odor

The scoring was performed at the following time inter
vals: 5, 30, 90, 180, 360 minutes; 12, 24, 36 and 72 hours. 
Data from the different time intervals were grouped into the 
following time frames: initial use (0 to 1.5 hr), short term use 
(3 to 6 hr), first day (12–24 hr), second day (36–48 hr), and 
third day (60–72 hr). The subjects had a 48-hour break 
between model testing to prevent carryover effects. 
Additional qualitative data were gathered using open-ended 
questions at each scoring point. Additional remarks Figure 2 Internal geometry of current and new capnography sampling lines.
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regarding comfort and smell were collected from open-ended 
questions and coded as either positive or negative utilizing 
key words such as “good”, “OK”, “comfortable”, etc. for 
positive and “discomfort”, “disturbance”, “pressure” “bad 
smell”, “nausea”, “headaches”, etc., for negative.

Additional clinical observations were performed by an 
expert physician for each subject before, during, and after 
wearing the device to assess the skin for reaction and presence 
of eczema using the Eczema Area and Severity Index 
(EASI).3 The EASI tool is used to assess the extent and 
severity of atopic dermatitis (AD) or eczema at four different 
body sites (head/neck, trunk, and upper and lower extremi
ties) and diagnoses for erythema, induration/papulation, 
excoriation and lichenification. Only the face and neck were 
of interest in this study. The intensity of redness, thickness/ 
swelling, scratching, and lichenification was scored from 0 to 
3 (0 = Absent/None, 1 = Mild, 2 = Moderate, 3 = Severe).

Statistical Analysis
Differences between the comfort scores of the cannulas 
were assessed using an ANOVA test using a general linear 
model with a pairwise comparison, and adjustment for 
multiple comparisons using the Bonferroni method. An 
additional non-parametric test was performed to support 
the results by using Mood’s Median Test for a categorical 
factor (Device) and a continuous response (Comfort), due to 
chance of low confidence that the data for both groups have 
similar shaped distributions. The use of a non-parametric 
test to analyze Likert scale scores is conservative, and peer- 
reviewed articles suggest that parametric analysis may be 
used for Likert scales even for a small sample size and an 
abnormal distribution of the results.4 It was decided to 
include both parametric and non-parametric analyses and 
evaluate any differences between methods. There were no 
significant differences in the results between the parametric 
and the non-parametric analyses. The percentage difference 
for each subject’s scoring between the advanced sampling 
line (Model 2) and original sampling line (Model 1) was 
calculated to represent a specific user’s interpretation of the 
scoring scale used, giving equal weight to those recording 
scores lower on the scale.

% difference ¼
Avg Model 2ð Þ � Avg Model 1ð Þ½ �

Avg Model 1ð Þ
� 100 

Results
The study included 30 subjects (19 females) with a mean 
age of 62.5 years. Results demonstrate that the advanced 

oral/nasal CO2 filter line was more comfortable than the 
original design (Table 1). Subjects reported significantly 
improved comfort compared to the original sampling line 
around ears by hour 36 (Table 2). The comfort score for 
the nose interface improved significantly after the first 24 
hours (Table 2). The scores indicated that the smell was 
perceived as noticeably better than the predicate over the 
course of testing. At no point during the study period was 
the original line scored higher in comfort than the 
advanced line (Table 2). In most testing time segments, 
the advanced line had a double-digit percent improvement 
over the predicate (Table 3).

No subjects experienced a skin reaction, as scored with the 
Eczema Area and Severity Index, with either sampling line 
during the study periods as assessed by an expert clinician.

Assessment of the qualitative responses shows that 
subjects reported more negative assessments of the origi
nal sampling line, including discomfort around the mouth 
and nose (Original line: Oral = 84 comments, Nose= 63 
comments vs Advanced line: Oral= 59 comments, 
Nose=37 comments). Subjects gave 4 times as many nega
tive remarks regarding smell with the original sampling 
line compared to the advanced (110 remarks vs 27 
remarks).

Discussion
The main objective of this study was to assess if the 
design changes made to the advanced oral/nasal CO2 

filter line, which are also incorporated into the portfolio 
of non-intubated filter lines, improved patient comfort 
compared to the original design. The design changes 
included softer tubes extruded from compounds with 
diminished smell, and the movement of the dryer away 
from the patient’s face. A softer tube decreases the 
friction between the cannula and the patient’s cheeks, 
ears and neck. Using a different compound with less 

Table 1 Overall Differences in Comfort Score Means Between 
Original and Advanced Sampling Lines Across All Time Periods

Comparison 
Point

Difference of Means [95% CI] P-value

General comfort 0.597 [0.4473, 0.7469] <0.001

Ears comfort 0.410 [0.2889, 0.5302] <0.001
Face comfort 0.524 [0.3907, 0.6570] <0.001

Nose comfort 0.445 [0.3053, 0.5837] <0.001

Smell 1.366 [1.2054, 1.5270] <0.001

Abbreviation: CI, confidence interval.
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volatile components gradually reduces the smell inten
sity inhaled by the patient during use, especially when 
oxygen is being delivered via the cannula. 
Improvements in comfort may make wearing the device 
more tolerable, resulting in greater compliance with 
capnography monitoring.

Overall, the subjects reported that advanced oral/nasal 
CO2 filter line was more comfortable than original filter line. 
No skin reaction was observed after using either cannula. 
Additionally, the advanced oral/nasal CO2 filter lines had 
significantly better smell. Based on the subjects’ qualitative 
remarks, we conclude that softer tubes and the removal of the 
dryer from the face had a noticeable impact on patient comfort.

The study was limited by a small sample size of healthy 
subjects. As subjects were not monitored continuously dur
ing their wearing of the devices, it is possible that the testing 
protocol was not strictly followed. However, records indi
cate that valid data were collected from subjects in most 

cases (ie, 27 of 30 valid cases for the predicate line and 26 of 
30 valid cases for the advance line).

Conclusions
The enhancements to the newly designed sampling lines 
improve both the user experience, which could impact 
patient compliance, and the performance of the sampling 
line itself. Increased compliance with monitoring may 
improve patient safety and so too will the improved kink 
resistance of the sampling lines by maintaining an unin
terrupted oxygen supply to patients.

Abbreviations
AD, atopic dermatitis; ANOVA, analysis of variance; 
CO2, carbon dioxide; DEHP, di-(2-ethylhexyl) phthalate; 
DINP, diisononyl phthalate; EASI, eczema area and sever
ity index; EtCO2, end-tidal carbon dioxide; ICF, informed 

Table 2 Statistical Comparison Using ANOVA General Linear Model and Comparison with Bonferroni Simultaneous Tests for 
Differences of Means

Time Frame 
(Hours)

Difference of Means [95% CI]

General Comfort Ear Comfort Face Comfort Nose Comfort Smell

0–1.5 0.465* [0.008, 0.922] 0.234 [−0.134, 0.602] 0.277 [−0.129, 0.683] 0.297 [−0.128, 0.722] 1.565** [1.074, 
2.056]

3–6 0.615* [0.055, 1.175] 0.350 [−0.100, 0.801] 0.539* [0.042, 1.036] 0.353 [−0.167, 0.874] 1.271** [0.670, 

1.873]
12–24 0.665* [0.108, 1.223] 0.397 [−0.051, 0.846] 0.549* [0.054, 1.044] 0.454 [−0.064, 0.972] 1.277** [0.678, 

1.875]

36–48 0.698* [0.140, 1.255] 0.563* [0.112, 1.014] 0.777* [0.282, 1.272] 0.593* [0.075, 1.111] 1.403** [0.804, 
2.001]

60–72 0.542 [−0.015, 1.100] 0.503* [0.054, 0.952] 0.478 [−0.020, 0.975] 0.525 [0.007, 1.043] 1.315** [0.717, 

1.914]
Overall 0.597** [0.447, 

0.747]

0.410** [0.289, 

0.530]

0.524** [0.391, 

0.657]

0.445** [0.305, 

0.584]

1.366** [1.205, 

1.527]

Notes: *P< 0.05; **P<0.001. 
Abbreviation: CI, confidence interval.

Table 3 Overall Percentage Change in Comfort Scores Between the Original (Model 1) and Advanced (Model 2) Sampling Lines 
Across Time Periods

Time Frame (Hours) General Comfort Ear Comfort Face Comfort Nose Comfort Smell

0—1.5 9.7% 5.8% 6.5% 7.2% 33.9%

3—6 12.9% 8.4% 11.8% 8.9% 27.0%
12—24 13.6% 9.0% 11.6% 10.7% 26.4%

36—48 14.4% 12.0% 16.0% 14.0% 28.8%

60—72 11.2% 10.9% 10.3% 12.2% 26.7%
ALL 12.1% 8.8% 10.7% 10.3% 29.0%

Note: Difference of total average (% difference ¼ Avg Model 2ð Þ� Avg Model 1ð Þ½ �

Avg Model 1ð Þ
� 100).
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consent form; ISO, international organization for standar
dization; PVC, polyvinyl chloride.
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