
Vol.:(0123456789)1 3

Journal of Clinical Monitoring and Computing (2022) 36:809–816 
https://doi.org/10.1007/s10877-021-00712-1

ORIGINAL RESEARCH

Association of transcutaneous  CO2 with respiratory support: 
a prospective double blind observational study in children 
with bronchiolitis and reactive airway disease

Nadia Shaikh1,2 · Sandeep Tripathi1,2 · Aviva Whelan1,2 · Jessica Ford4 · Minchul Kim3 · Girish Deshpande1,2

Received: 6 August 2020 / Accepted: 23 April 2021 / Published online: 29 April 2021 
© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract
The use of clinical scoring to assess for severity of respiratory distress and respiratory failure is challenging due to subjectivity 
and interrater variability. Transcutaneous Capnography  (TcpCO2) can be used as an objective tool to assess a patient’s venti-
latory status. This study was designed to assess for any correlation of continuous monitoring of  TcpCO2 with the respiratory 
clinical scores and deterioration in children admitted for acute respiratory distress. A prospective observational study over 
one year on children aged 2 weeks to 5 years admitted with acute respiratory distress or failure secondary to Bronchiolitis and 
Reactive airway disease was performed. Continuous  TcpCO2 monitoring for upto 48 h was recorded. Investigators, bedside 
physicians, respiratory therapists, and nurses were blinded from the transcutaneous trends at the time of data collection. 
Total of 813  TcpCO2 measurements at standard intervals of 30 min were obtained on 38 subjects. Subjects with abnormal 
 TcpCO2 (> 45 mmHg) were younger (6.9 ± 5.2 vs. 23.05 ± 17.7 months,) and were more likely to be on higher oxygen flow 
rate (0.52 L/min/kg vs 0.46 lier/min/kg, p = 0.004) and higher  FiO2 (38.4 vs 33.6, p < 0.001 using heated high flow nasal 
cannula. No difference was found in bronchiolitis score or PEW score in subjects with normal and abnormal  TcpCO2. A 
small but statistically significant increase in  TcpCO2 was observed at the escalation of care. Even though odds of escalation 
of care are higher with abnormal  TcpCO2 (OR 1.92), this difference did not reach statistical significance.  pCO2 can provide 
additive information for non-invasive clinical monitoring of children requiring varying respiratory support; however, it does 
not provide predictive value for escalation or de-escalation of care.

Keywords Transcutaneous capnometry · Blood gas monitoring · Pediatric unit · Patient safety · Pediatric early warning 
scores · Respiratory failure

1 Introduction

Acute respiratory decompensation is often challenging to 
identify in children hospitalized with respiratory distress 
of varying severity [1]. Many children’s hospitals, includ-
ing ours, practice clinical scoring tools assessed by bedside 
nurses [bronchiolitis score, asthma scores, pediatric early 
warning score (PEW), etc.] for early recognition of deterio-
ration. In conjunction with the physician judgment, these 
scores guide the clinical decision to escalate or deescalate 
care. Most of these scores are based on assessing the rapidity 
of breathing, signs of exhaustion, use of accessory muscles 
and vital signs, which in children may not be reliable, and 
have shown interrater variability and observer bias in pre-
vious studies [2]. While oxygenation can be measured by 
pulse oximetry, these clinical scores have no tool to assess 
ventilatory effort in children. Thus, there is a need for an 
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objective tool for monitoring children who may be at risk of 
rapid deterioration.

Measurement of the partial pressure of carbon dioxide in 
arterial blood  (PaCO2) is the gold standard for the assess-
ment of gas exchange in critically sick children. For patients 
without arterial access, end-tidal  CO2, and Transcutaneous 
 CO2  (TcpCO2) monitoring devices are commonly used to 
assess the ventilatory status. End-tidal  CO2 is used during 
surgery and in intensive care units where endotracheal tube 
is placed and is helpful in monitoring ventilation, apnea or 
obstruction and dislocation of endotracheal tube [3]. It is 
also used in conjunction with standard nasal cannula oxygen 
during procedural sedation to monitor ventilation, apnea as 
well as airway obstruction. However, it has limited applica-
tion inpatient on non-invasive modes of ventilation such as 
Heated High Flow Nasal Cannula (HHFNC) or Nasal Inter-
mittent Ventilation (NIV) or mask ventilation as they are 
amenable for air leaks and have an element of  CO2 washout, 
thus making  CO2 measurements unreliable [4].  TcpCO2 is 
often used as an alternate noninvasive measure of ventila-
tion for patients on mechanical ventilation in pediatric and 
neonatal ICUs as  TcpCO2 correlates well with arterial blood 
gases [3, 5–10].

There is, however, a paucity of knowledge on the use of 
 TcpCO2 in patients hospitalized on non-invasive respiratory 
support like standard flow or heated high flow nasal cannula. 
Since  TcpCO2 results are shown to be comparable to arterial 
blood gases, we wanted to study its use as a surrogate marker 
in predicting clinical respiratory decompensation. We 
hypothesized that  TcpCO2 would be elevated (> 45 mmHg) 
in patients who require escalation of care and lower values 
can help guide de-escalation of care. The objectives of our 
study were, 1.To assess the utility of  TcpCO2 monitoring 
in children with acute respiratory distress and; 2. To study 
the correlation of  TcpCO2 with the clinical scores to guide 
escalation and de-escalation of care.

2  Methods

This prospective double-blind observational study was per-
formed at a 136-bed tertiary academic children’s hospital 
in the Midwest region of the United States. We included 
53 children aged between 2 weeks to 5 years admitted to 
the pediatric floor, intermediate unit, and intensive care 
unit with a primary diagnosis of acute respiratory distress 
or respiratory failure secondary to bronchiolitis and reactive 
airway disease who were not intubated on arrival, utiliz-
ing a convenient random sampling. Patients admitted with 
acute respiratory illness with no co-morbidities affecting the 
respiratory system were included in the study. We excluded 
children with pre-existing chronic lung or heart disease, 
neuromuscular abnormalities, and prematurity < 36 weeks. 

These conditions are prone to having hypercapnia at base-
line impacting the study results thus, were excluded [11, 
12]. No laboratory testing was performed at the beginning 
of the study. Children on mechanical ventilation were also 
not included as they were considered to be on maximal sup-
port. The study was conducted for a period of 12 months 
from January 2019 to December 2019 after approval from 
the Institutional Review Board. Every patient was assessed 
on admission by the investigator for inclusion in the study 
and was enrolled after obtaining informed consent from the 
parents. Most subjects admitted with acute bronchiolitis and 
reactive airway disease exhibit disease progression over the 
first few days of hospitalization and thus the investigators 
decided to monitor all patients for at least 48 h. Before the 
study, education was provided to define the roles of the res-
piratory therapists (RT) and nurses on study participants.

The  TcpCO2 probe (SDMS, SenTec AG, Switzerland) 
was placed by the RTs. To minimize errors with placement 
and calibration, only RTs were assigned to monitor, recali-
brate, and replace the transcutaneous sensors at the specific 
sites approved by the manufacturer. The sensor was allowed 
to calibrate and equilibrate before the continuous monitoring 
was initiated. The first 30 min of data were not included in 
the analysis to allow for an equilibration time.

Patient’s initial level of care unit (general floor, intermedi-
ate, or critical care unit) on admission were recorded with 
vitals and  TcpCO2 by the RT. Following this, bedside physi-
cians and nurses, as well as study investigators, were blinded 
from the  TcpCO2 trends by turning off the monitor screens 
and alarms. The  TcpCO2 monitors continued to record the 
trends internally. During the study period,  TcpCO2 data was 
not available to the clinical team on the study participants 
and routine vitals were taken per unit protocols.

Any management decision including escalation or de-
escalation of respiratory support was made by the clinical 
team on clinical judgment. Escalation of clinical care was 
defined as an increased requirement of  FiO2 or flow rate 
or increased respiratory support to require non-invasive or 
invasive ventilation. Since the escalation to intermediate or 
intensive care units depends on institutional guidelines, this 
parameter was not considered as an “escalation of care” in 
our study. At our institution, escalation is marked by one of 
the three timestamps documented in the electronic medi-
cal records which include, a. Increase in the PEW score, b. 
Notification to pediatric emergency response team and c. 
Orders placed for the need of higher oxygen support. The 
time points at which any escalation in respiratory support 
occurred were recorded with the vitals and  TcpCO2 by the 
RT or bedside nurses. On completion of the monitoring of 
each patient, the  TcpCO2 report was reviewed for trends.

For patients on high flow nasal cannula, the “set”  FiO2 
was considered as the delivered  FiO2. It is, however, not pos-
sible to accurately predict the delivered  FiO2 on a patient on 
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a regular nasal cannula and “off the wall’’ oxygen. To mini-
mize the wide variability in  FiO2 delivery by standard flow 
nasal cannula, we assigned  FiO2 of 0.21, 0.24, 0.30, 0.35, 
0.40, 0.45 and 0.48 to flow rates of < 1–6 L/min respectively, 
based on prior published calculated values [13]. Since the 
effective ventilator support by flow is dependent on the size 
of the patient, the flow rate was divided by patients’ recorded 
weight for comparative analysis.

For analysis, the sample was split into two groups: 
normal  (TcpCO2 <  = 45  mmHg) and abnormal 
 (TcpCO2 > 45  mmHg). Standard descriptive statistics 
included mean with standard deviation and median with 
Inter Quartile Ranges (IQR) for continuous variables, and 
percentage for categorical variables. T-test was conducted 
for continuous variables and chi-square test was conducted 
for categorical variables. The statistical analysis was con-
ducted for outcome variables using regression analysis with 
random effect for continuous outcomes and logistic regres-
sion for binary outcomes. Since there are multiple time point 
observations among the same patients, regression analysis 
for panel data was employed for whole analyses. Outcome 
variables included  FiO2 level, PEW, bronchiolitis Score, 
Flow, and escalation/de-escalation of care. Univariate and 
multivariable statistical analyses were conducted on the 
above outcome variables. A key covariate was a dichoto-
mous variable on whether  TcpCO2 is normal or abnormal. 
Other covariates included age, sex, weight, and flow. Statisti-
cal analysis was conducted using STATA 12 version (Stata-
Corp. College Station, TX) and JMP V 14.2.0 (SAS, Carry, 
NC) A p-value of less than 0.05 was considered statistically 
significant.

3  Results

A total of 82 subjects were assessed for eligibility. After 
informed consent, 53 subjects were enrolled in the study. 
Eight subjects were withdrawn per parental requests (three 
provided no specific reason, two parents did not want extra 
cords, two were not comfortable with the sensor while one 
subject complained of a skin rash). However, due to miss-
ing  TcpCO2 waveforms (> 30 min at a stretch), data from 
7 subjects were excluded. Thirty-eight subjects (38) were 
included in the final analysis (Fig. 1).

A total of 813  TcpCO2 measurements were obtained on 
the study subjects, with a median of 13 per patient (range 
10–75).and each  TcpCO2 reading was taken at a 30 min 
interval. The distribution of  TcpCO2 values is provided 
in Fig. 2. The median age of the patient was 14.5 months 
(IQR 5, 30.2, range 1.5–62 months). Of the 38 subjects, 22 
were male (57.8%), and the median weight of the patient 
was 9.75 kg (IQR 7.2, 12.2, range 4.47–23 kg). Of the 38 
patients, 10 were admitted in the PICU, 19 in the general 

pediatric unit while 9 were on the intermediate floor. There 
were 20 instances where either the flow or the  FiO2 was 
escalated, while 60 occurrences of de-escalation were 
observed. Among these 20 escalation events, 5 subjects 
required a Pediatric emergency response team (PERT) to be 
assisted eventually were transferred to a higher level of care 
for monitoring. Of all the patients, one patient was escalated 
to NIMV and one required mechanical ventilation. (Table 1).

A total of 275 (33.8%)  TcpCO2 values were abnormal 
(> 45), while 538 (66.1%) were normal (Table 2). Overall 
mean  FiO2 was 34.8 ± 14.2 while the flow rate adjusted for 
weight was 0.47 ± 0.35 L/min/kg. The mean bronchiolitis 
score and PEW score were 2.67 ± 1.82 and 4.14 ± 2.17, 
respectively. Subjects with abnormal  TcpCO2 were signifi-
cantly younger compared to subjects with normal  TcpCO2 
(mean age of 6.9 ± 5.2 vs. 23.05 ± 17.7) months, p < 0.001 
and as expected had lower mean weight. There was a signifi-
cant gender difference in the two groups with a proportion-
ally larger number of males in the normal transcutaneous 
group (58.9% vs 45.8%, p = 0.004). There was no significant 
difference in the mean  FiO2, bronchiolitis score, or PEW 
score between the two groups by univariate comparison; 
however, the patients with abnormal  TcpCO2 had been on 
a much higher mean flow rate (0.69 ± 0.32 L/min/kg vs. 
0.35 ± 0.31 L/min/kg, p < 0.001) (Table 2).

On multivariable analysis after adjusting for age, weight, 
sex, and flow rate, subjects with abnormal  TcpCO2 had sig-
nificantly higher predicted  FiO2 than subjects with normal 
 TcpCO2 (38.4 vs 33.6, P < 0.001, coefficient 4.78, 95% con-
fidence interval 2.87–6.68). This difference was observed 
in all age groups, although the difference was highest for 
children more than one year of age. Similarly, subjects with 
abnormal  TcpCO2 had a higher predicted flow rate compared 
to subjects with normal  TcpCO2 (0.52 L/min/kg vs. 0.46 L/
min/kg, p = 0.004, coefficient 0.06, 95% confidence interval 

Fig. 1  Distribution of  TcpCO2 values in patients with normal and 
abnormal values. *t test for continuous variables and chi-square test 
for categorical variable
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0.02–0.11) after adjusting for weight, age, and sex. Although 
the predicted flow rate was higher in subjects with abnor-
mal  TcpCO2 for all age groups, it did not reach statistical 

significance for children < 1-year age. After adjusting for 
age, weight, sex, and flow rate, no significant difference 
was observed between abnormal and normal  TcpCO2 for 
bronchiolitis score and PEW score for total population or in 
different age brackets (Table 3).

Other factors significantly associated with higher  FiO2 
requirements were age (coefficient 0.35, 95% C.I 0.03–0.68) 
and flow/weight (coefficient 21.5, 95% C.I 18.6–24.4). The 
flow/weight was the only covariate with a significant asso-
ciation with bronchiolitis score and PEW score (Table 4).

Age, weight, sex, and flow/weight-adjusted predicted 
 TcpCO2 was significantly higher during instances of esca-
lation of care [43.2 vs 40.3 Δ 2.8 (95% C.I 0.2–5.4)]. There 
was, however, no difference in predicted  TcpCO2 during the 
de-escalation of care. After doing subgroup analysis by age 
(less than one year and more than one year), the difference 
did not reach statistical significance for either age bracket 
(Table 5).

For subjects with abnormal  TcpCO2, the odds of 
escalation of care were 1.92 for all age groups, 3.41 
for < 12 months, and 1.03 for > 12 months. While the odds 
of de-escalation were 1.14 for all age groups and 0.82 and 
1.48 for 12 months, respectively. The odds ratio, however, 

Fig. 2  Flowchart of patients 
included in the study

Table 1  Descriptive statistics of population with escalation to higher 
oxygen support or transfer to higher level of care

Initial Admitting Unit (N) N = 38
 General Pediatrics (GP) 19
 Pediatric Intermediate (PIC) 9
 Pediatric Intensive Care Unit (PICU) 10

Total number of escalation (N) 20
Transfers to higher level of care (N)
 GP to PIC 6
 GP to PICU 2
 PIC to PICU 3

Escalation in PICU
 Escalation to Non Invasive Intermittent Mandatory Ventila-

tion (NIMV)
1

 Escalation to mechanical ventilation 1
No transfers
 FiO2 or flow escalation (N) 7
Pediatric emergency response (N) 5
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did not reach statistical significance after adjusting for age, 
weight, sex, and flow rate (Table 6).

4  Discussion

In this prospective observational study on 38 subjects, we 
have shown that patients with abnormal  TcpCO2 are more 
likely to be on higher oxygen flow rate and higher  FiO2. 
 TcpCO2 does not correlate with bronchiolitis score or PEW 
score. There is a small but statistically significant increase 
in  TcpCO2 at the time of the escalation of care. Even though 
odds of escalation of care are higher with abnormal  TcpCO2, 
this difference does not reach statistical significance. To the 

best of our knowledge, this is the only prospective, blinded 
study comparing children’s continuous  TcpCO2 with respira-
tory support and progression.

To date,  TcpCO2 has been studied extensively in patients 
on mechanical ventilation but there are very few studies that 
have investigated its utilization outside of the critical care 
areas. Gal et al. studied the utilization of  TcpCO2 in chil-
dren with bronchiolitis in emergency and pediatric units. 
They estimated the correlation of  TcpCO2 with  pCO2 and 
compared it with the clinical parameters and children’s ven-
tilation ability. Similar to our results, Gal et al. reported a 
negative correlation of  TcpCO2 with weight and age [14].

With the current management of acute respiratory failure, 
flow rates, and  FiO2 are titrated to the evolving respiratory 

Table 2  Descriptive statistics 
of the sample population and 
observations with normal and 
abnormal transcutaneous CO2

All
(N = 813)

Normal
(N = 538)

Abnormal
(N = 275)

P value

Age (months) 17.6 ± 16.6 23.05 ± 17.7 6.98 ± 5.22  < 0.0001
Weight (kilograms) 10.07 ± 4.2 11.27 ± 4.49 7.74 ± 2.16  < 0.001
Males 443 (54.4%) 317/538 (58.9%) 126/275 (45.8%) 0.0004
FiO2 34.8 ± 14.2 35.45 ± 15.6 33.77 ± 11.17 0.07
Flow/weight 0.47 ± 0.35 0.35 ± 0.31 0.69 ± 0.32  < 0.001
Bronchiolitis score 2.67 ± 1.82

(N = 127)
2.71 ± 1.96
(N = 78)

2.61 ± 1.59
(N = 49)

0.74

PEW score 4.14 ± 2.17
(N = 158)

4.21 ± 2.34
(N = 108)

4.0 ± 1.77
(N = 50)

0.52

Table 3  Predicted means 
for normal and abnormal 
transcutaneous CO2 by multi 
variable regression analysis

Normal Abnormal Difference P value 95% C.I

FiO2 All
(N = 813)

33.65 38.43 4.78  < 0.001 2.87 6.68

 < 12 months
(N = 415)

26.80 29.51 2.72  < 0.001 1.36 4.07

 > 12 months
(N = 398)

41.60 50.70 9.09  < 0.001 5.03 13.15

Flow/weight All
(N = 813)

0.46 0.52 0.06 0.004 0.02 0.11

 < 12 months
(N = 415)

0.46 0.51 0.05 0.107  − 0.01 0.11

 > 12 months
(N = 398)

0.47 0.55 0.09 0.005 0.03 0.15

Bronchiolitis score All
(N = 127)

2.83 3.04 0.21 0.421  − 0.30 0.72

 < 12 months
(N = 70)

2.13 2.56 0.43 0.252  − 0.31 1.18

 > 12 months
(N = 57)

3.55 3.47  − 0.08 0.805  − 0.74 0.57

PEW score All
(N = 158)

4.13 4.23 0.10 0.765  − 0.54 0.74

 < 12 months
(N = 74)

2.86 3.11 0.25 0.564  − 0.59 1.09

 > 12 months
(N = 84)

5.11 5.17 0.07 0.895  − 0.90 1.03
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status to achieve effective oxygen delivery at the alveo-
lar level. Oxygen saturation, however, has been found 
to have a lower impact on the respiratory drive than  CO2 

concentrations in the blood and overall  SaO2 is a poor pre-
dictor of respiratory distress [15, 16]. With the increased 
oxygen support, ventilation status can be masked by higher 

Table 4  Parameter estimates 
(coefficients) by multi variable 
regression analysis

Outcome N Covariates Coefficient P value 95% C.I

FiO2 813 Abnormal TCO2 4.78 0.00 2.87 6.68
Age 0.35 0.03 0.03 0.68
Male  − 2.34 0.36  − 7.44 2.76
Weight 1.08 0.11  − 0.26 2.42
Flow/weight 21.5 0.00 18.63 24.43
Constant 7.68 0.07  − 0.63 16.0

Flow/weight 813 Abnormal TCO2 0.06 0.004 0.02 0.11
Age 0.00 0.64  − 0.02 0.01
Male sex  − 0.02 0.83  − 0.22 0.18
Weight 0.02 0.43  − 0.03 0.07
Constant 0.31 0.05  − 0.01 0.63

Bronchiolitis score 127 Abnormal TCO2 0.21 0.42  − 0.30 0.72
Age 0.04 0.40  − 0.05 0.13
Male sex 0.27 0.58  − 0.71 1.25
Weight 0.07 0.67  − 0.24 0.37
Flow/weight 2.51 0.00 1.68 3.33
Constant 0.35 0.69  − 1.41 2.11

PEW Score 158 Abnormal TCO2 0.10 0.76  − 0.54 0.74
Age  − 0.01 0.78  − 0.08 0.06
Male sex 0.17 0.74  − 0.88 1.22
Weight 0.25 0.07  − 0.03 0.52
Flow/weight 3.13 0.00 2.20 4.07
Constant 0.28 7.53  − 1.44 1.99

Table 5  Comparison of 
predicted tCO2 values during 
escalation/de-escalation and no 
action by multi variate logistic 
regression

Predicted TCO2 Difference P value 95% C.I

All ages
(N = 813)

No action (reference) 40.3
Escalation 43.2 2.8 0.032 0.2 5.4
De-escalation 40.3  − 0.1 0.945  − 1.6 1.5

 < 12 months
(N = 415)

No action (reference) 47.3
Escalation 50.0 2.7 0.077  − 0.3 5.8
De-escalation 44.8  − 2.5 0.072  − 5.2 0.2

 > 12 months
(N = 398)

No action (reference) 33.6
Escalation 36.6 3.1 0.197  − 1.6 7.8
De-escalation 34.0 0.5 0.613  − 1.4 2.3

Table 6  Odds of escalation/
de-escalation VS no action 
based on transcutaneous CO2 
more than 45 (multivariable 
analysis adjusted for age, 
weight, flow and sex by panel 
data logit model)

N Odds ratio P value 95% CI

All age Escalation 753 1.92 0.319 0.53 6.87
De-escalation 793 1.14 0.748 0.52 2.50

 < 12 months Escalation 397 3.41 0.133 0.69 16.85
De-escalation 401 0.82 0.745 0.25 2.69

 > 12 months Escalation 356 1.03 0.977 0.12 8.75
De-escalation 392 1.48 0.490 0.49 4.46
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oxygen saturation and may delay the identification of treat-
ment failure. In our study, both the flow rates and  FiO2 
were titrated by the bedside RN or RT or physician based 
on maintaining normal oxygen saturations and breathing 
support.

Even though we did not record  SaO2, it is conceivable 
that transcutaneous levels were abnormal in children even 
as oxygen saturations were normal, particularly in children 
on higher  FiO2 and flow rates which represents an indirect 
measure of severity and progression of the disease.

No prior study has previously correlated PEW and bron-
chiolitis scores to  TcpCO2, although other scores have been 
studied. In a study on children with severe croup, reduction 
in the  TcpCO2 values and clinical scores (Croup scores) was 
noted following the administration of inhaled epinephrine 
[17]. Our results did not show any association of  TcpCO2 
with PEW and Bronchiolitis scores. A possible explanation 
for this difference could be the lack of stridor and cyanosis 
in children with bronchiolitis, which as compared to heart 
rate, respiratory rate, and work of breaking are more obvious 
signs of severity. Gal et al. reported an increase in  TcpCO2 
levels with the disease severity scores but in contrast to our 
study, they assessed the clinical scores only at the initiation 
of the study while our data has been longitudinal, spanning 
over different provider shifts bringing in the variation in 
clinical experience and possible interobserver discordance.

PEW score has been recognized as a comprehensive sys-
tem that supports multidisciplinary communication amongst 
clinical teams and increases the sense of awareness for risk 
of deterioration, however, there is a lack of data to prove the 
benefits of patient outcomes [18, 19]. Our findings suggest 
that the inclusion of  TcpCO2 as an auxiliary tool to these 
clinical models can assist in trending hypoventilation and 
may augment accuracy and clinical decisions.

One of the objectives of our study was to determine if 
 TcpCO2 can be used to assess clinical deterioration and 
assist with escalation and de-escalation of respiratory sup-
port. The data showed a small but statistically significant 
increase in  TcpCO2 at the time of the escalation of care. 
Even though odds of escalation of care are higher with 
abnormal  TcpCO2, this difference does not reach statistical 
significance and may require future studies to establish any 
relationship.

Previously the use of  TcpCO2 has been found cumber-
some if performed intermittently, due to frequent need of 
recalibration. We noted that continuous  TcpCO2 monitoring 
was more convenient as that prevented frequent recalibra-
tion. Also, while we did not include patients with sensitive 
skin or eczema, no burn or skin injury was reported.

Our study has several limitations in addition to being a 
single-center study. Our institution’s protocol for the initia-
tion and adjustment of any respiratory support is dependent 
on physician’s or bedside RN’s clinical discretion and flow 

was not titrated based on a standard protocol. Second, in 
contrast to HHFNC where  FiO2 and flow rate can be speci-
fied, the  FiO2 delivered through a standard nasal cannula at 
variable flow rates cannot be specifically quantified. Deliv-
ered  FiO2 by NC in our study was estimated based on litera-
ture and not directly measured. Third, even though we did 
not include the first 30-min  TcpCO2 value in our data to take 
into account for equilibration time of  CO2 between capillary 
blood and transcutaneous monitor probe, we could not omit 
the values for other times as they were not time-stamped 
at point when the probes were changed; and it is possible 
that we could have recorded few inaccurate values while 
the equilibration was still taking place. Similarly, our spot 
measurements of  TcpCO2 at the time of escalation may have 
had a lag of 60–90 s due to the diffusion of  CO2 through 
the skin. This was not taken into account to avoid errors of 
time-lapse between vitals and  TcpCO2.

5  Conclusion

TcpCO2 can provide additive information for non-invasive 
clinical monitoring of children requiring varying respiratory 
support that require closer monitoring due to their age or 
ventilatory status. However, it does not provide predictive 
value for escalation nor de-escalation of care. Future well-
controlled studies with associative predictors of respiratory 
support failure and comorbidities are needed to investigate 
the actual clinical application on a larger scale.
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