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Abstract

Background:Rapid identification of patients with occult injury and illness in the emer-

gency department can be difficult. Transcutaneous carbon dioxide (TCO2) and oxygen

(TO2) measurements may be non-invasive surrogate markers for the identification of

such patients.

Objectives: To determine if TCO2 or TO2 are useful adjuncts for identifying severe ill-

ness and the correlation between TCO2, lactate, and end tidal carbon dioxide (ETCO2).

Methods:Prospective TCO2 andTO2 measurements at a tertiary level 1 trauma center

were obtained using a transcutaneous sensor on 300 adult patients. Severe illness was

defined as death, intensive care unit (ICU) admission, bilevel positive airway pressure,

vasopressor use, or length of stay >2 days. TCO2 and TO2 were compared to illness

severity using t tests and correlation coefficients.

Results:Mean TO2 did not differ between severe illness (58.9, 95% CI 54.9–62.9) and

non-severe illness (58.0, 95% CI 54.7–61.1). Mean TCO2 was similar between severe

(34.6, 95% CI 33–36.2) vs non-severe illness (35.9, 95% CI 34.7–37.1). TCO2 was 28.7

(95%CI24.0–33.4) for ICUvs. 35.9 (95%CI34.9–36.9) for non-ICUpatients. Themean

TCO2 in thosewith lactate>2.0was29.8 (95%CI25.8–33.8) comparedwith35.7 (95%

CI 34.9–36.9) for lactate< 2.0. TCO2 was not correlated with ETCO2 (r= 0.32, 95%CI

0.22–0.42).

Conclusion: TCO2 could be a useful adjunct for identifying significant injury and illness

and patient outcomes in an emergency department (ED) population. TO2 did not pre-

dict severe illness. TCO2 and ETCO2 are only moderately correlated, indicating that

they are not equivalent andmay be useful under different circumstances.
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1 INTRODUCTION

1.1 Background

Rapid identification of patients with occult injury and illness in the

emergency department (ED) is sometimes difficult. The predictive

value of lactate in identification and prognostication of illness sever-

ity previously has beenwell established.1,2 More recently, studies have

demonstrated theutility of end tidal carbondioxide (ETCO2) in predict-

ingoutcomeseverity in sepsis, cardiac arrest, diabetic ketoacidosis, and

trauma.3–6 Use of these and other surrogatemarkers may be of critical

importance in early identification of illness severity in the ED setting. It

also has the potential to be a useful guide to resuscitation. Innovative

and accurate methods for early detection of these patients are impor-

tant for improvement of ED processes.

1.2 Importance

Arterial blood gas (ABG) and venous blood gas (VBG) measurements

sometimes are used to assess acidosis, respiratory status, and tissue

perfusion. However, these tests can be time consuming and invasive. In

addition, delays in sample acquisition and laboratory turnaround time

can limit clinical utility in critically ill patients. Transcutaneous carbon

dioxide (TCO2) and transcutaneous oxygen (TO2) monitors are a rela-

tively recent development. They measure the partial pressure of car-

bon dioxide (PaCO2) and partial pressure of oxygen (PaO2) similar to

a VBG, but through the skin and at the capillary level. Measurements

provide rapid real-time, non-invasive measures of perfusion and venti-

lation at the level of capillary perfusion.

Previous studies have demonstrated utility of transcutaneous sen-

sors during sedation7 and the monitoring of neonates8 and critically

ill patients.9 Studies have also demonstrated a correlation between

TO2 and cardiac output.10 However, a prospective study assessing

TCO2 and TO2 in the ED on undifferentiated patients has not been

conducted. TCO2 and TO2 may be non-invasive surrogate markers

for the identification of patients with occult or serious illness or

injury.

1.3 Goals of this investigation

The primary goal of this study was to conduct an initial prospective

assessment of TCO2 and TO2 as adjuncts for identifying the severity of

injury and illness in an ED population. Specifically, the predictive value

of TCO2 and TCO2 for specific disease processes were assessed. Sec-

ondary outcomes included evaluating the correlation between TCO2

and ETCO2, measured TO2 versus pulse oximetry, TCO2 and lactate

level, initial TCO2 versus steady state TCO2, and central versus periph-

eral TCO2 and TO2 measurements.

The Bottom Line

In the identification and prognostication of critical illness,

such as sepsis, cardiac arrest, diabetic ketoacidosis, and

trauma, the utility of end tidal carbon dioxide (ETCO2)

is attracting attention. The authors prospectively investi-

gated transcutaneous CO2 measurements as an adjunct

for assessing severity of illness in a series of 300 emer-

gency department (ED) patients, finding notable correlations

with illness severity. Transcutaneous CO2 could be a use-

ful adjunct for identifying the severely ill patients in the

ED.

2 MATERIALS AND METHODS

2.1 Study design and setting

This prospective cohort studywas approved by the institutional review

board and conducted at the ED of Orlando Regional Medical Center,

Orlando, Florida. This ED is a Level I trauma center and amajor tertiary

care referral center. The ED cares for approximately 156,000 com-

bined adult and pediatric patients per year.

2.2 Selection of participants

We included a convenience sample of adult (age>= 18 years) patients

presenting to the ED during July and August. Patients who were

actively undergoing cardiopulmonary resuscitation on arrival were

excluded. The selection and enrollment of patients occurred in the

higher acuity section of the ED to increase the likelihood of enrolling

patients with severe illness.

2.3 Interventions

Enrolled patients had 2 of SenTec’s 510k-FDA cleared OxiVenT

sensors (Figure 1) placed on arrival, with initial readings recorded

and continuous measurements until steady state equilibration was

obtained. The sensor reports transcutaneous measurements of PaO2

and PaCO2 (similar to VBG). One sensor was placed in a central

location (head or chest) and one in a peripheral location (arm or

leg). After hospital discharge, enrolled patients underwent system-

atic chart review of their hospital course. At enrollment, all patients

had vital signs, pulse oximetry, and ETCO2 measurements performed.

If available, concurrently drawn ABG and lactate levels were also

recorded.
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F IGURE 1 SenTec’s OxiVenT sensor. Description: SenTec’s
OxiVenT transcutaneous sensor that was placed on patient’s
head/torso and arm/leg

2.4 Measurements

TCO2 and TO2 were measured both centrally and peripherally using

the OxiVenT sensor (Figure 1) at arrival. Researchers manually col-

lected sensor readings and vital signs. Central probes were placed on

the head or torso and peripheral probes were place on the extremi-

ties. Readings were recorded at arrival and 15 minutes (steady state).

The manufacturer recommends measurements be recorded 90–120

seconds after initial probe placement to allow for warmup and subse-

quent highest accuracy. Steady state measurements were taken at 15

minutes, several times longer than manufacturer recommendation, to

ensure accurate readings. Four measurements separated by both loca-

tion and time were taken to maximize the precision and reliability of

results. Measurements were not sharedwith the clinical care team.

After hospital discharge, 2 researchers completed a systematic

chart review of enrolled patient’s hospital course. Data were extracted

on demographics, outcomes, final diagnosis, length of stay (LOS),

lactate, complete blood count, comprehensive metabolic panel, d-

dimer, troponin, creatine kinase, urinalysis, blood cultures, ABG,

quick sequential organ failure assessment score, shock index, imaging

results, mode of arrival, prehospital treatment, and disposition. A third

researcher reviewed the entire database and analyzed for complete-

ness, consistency, and validity. In the very few cases of missing TCO2

and TO2 measurements (N = 5), the alternative time point (T = 0 or

T = 15 minutes) was duplicated, provided there was consistency with

T = 0 and T = 15 minute readings on the other body locations. In the

case of incomplete data (N = 1), the patient data were removed from

the study subset.

2.5 Outcomes

The primary outcome was severe illness. Severe illness was defined

as a composite poor outcome of death, endotracheal intubation, ICU

admission, bilevel positive airway pressure (BiPAP) use, vasopressor

use, or hospital LOS >2 days. Secondary outcomes included ETCO2,

pulse oximetry, lactate level, steady state TCO2, and central versus

TCO2 and TO2 measurements.

2.6 Analysis

The number of study participants was determined based on initial

power calculations, which were consistent with previous work at our

institution with ETCO2.
11 In this study, it was assumed that 10%–15%

of patients would meet severe illness definition. We estimated that a

total sample of 288 patients (36 with a severe illness and 252 with-

out severe illness) would achieve 80% power to detect a difference of

4mmHg between the 2 groups with a significance level of 0.05.

Unless otherwise specified, analysis was conducted using TCO2 and

TO2 valuesmeasured at 15minutes (steady state) on thepatient’s head

or torso. Normal values of TCO2 and TO2 are comparable to VBG, with

PO2 varying from30–70mmHg and PCO2 ranging from35–50mmHg.

TCO2 was compared between patientswho had severe and non-severe

illness using the2 sample unequal variance t test. In addition, TCO2 lev-

els were compared between patients with individual markers of severe

illness, including ICU admission, endotracheal intubation, vasopressor

use, mortality, BiPAP use, and admission longer than 2 days. TCO2 was

also assessed for patients with a lactate greater than 2 mmol/L and

those less than or equal to this level.

Similar to TCO2, the TO2 was compared between patients that had

severe and non-severe illness using the 2-sample unequal variance t

test in the entire population. TO2 levels were also compared between

thosepatientswith individualmarkers of severe illness, as outlinedpre-

viously, and those without.

The correlation between illness significance and each measure

(TCO2, TO2, ETCO2, lactate, probe location, and timing of data acqui-

sition) was assessed using the Pearson correlation coefficient. The

Pearson correlation was used as it reflects the statistical relationship

between the 2 sets of continuous, linear, related datasets. Each of the

aforementioned measures also had their correlation assessed to the

other listed measures. Finally, we compared the subset of patients

with a TCO2 and ETCO2 gap of > 10 mmHg to those with a gap

of< 10mmHg by age, diagnoses, anion gap, and length of stay.

3 RESULTS

3.1 Characteristics of study subjects

Enrollment was completed at 300 patients, including 1 erroneously

duplicated and incomplete subject that was removed from statistical

analysis. Table 1 reveals the characteristics of the study subjects.

4 MAIN RESULTS

Overall, 207 (69.2%) patients were admitted to the hospital from

the ED with 11 (3.7%) requiring ICU level of care and 6 (2.0%)
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TABLE 1 Characteristics of study subjects. Total of n= 299
subjects

Characteristic N (%)

Gender

Male 151 (50.5)

Female 148 (49.5)

Age

Mean, SD (range) years 56.7, 17.8 (18–93)

Race

Asian 5 (1.7)

Black 93 (31.1)

Caucasian 124 (41.5)

Hispanic 2 (0.6)

Native American 0

Pacific Islander 0

Other 75 (25.1)

Mode of Arrival

Ambulance 161 (53.8)

Walk-in 138 (46.2)

Disposition

Admission 207 (69.2)

ICU 11 (3.7)

In-hospital mortality 6 (2.0)

experiencing in-hospital mortality. Of the 299 patients, 102 met the

definition of severe illness, a composite poor outcome that included

death, ICU admission, BiPAP use, vasopressor use, or LOS> 2 days.

4.1 Comparison of mean TCO2 and TO2 with
severe and non-severe illness

The mean TO2 did not differ between severe illness (58.9 mmHg, 95%

CI 54.9–62.9) vs. non-severe illness (58.0 mmHg, 95% CI 54.7–61.1).

Mean TCO2 was similar between severe illness (34.6 mmHg, 95% CI

33–36.2) vs. non-severe illness (35.9mmHg, 95%CI 34.7–37.1).

4.2 Comparison of mean TCO2, ETCO2, and TO2

with clinical outcomes

The mean TCO2 in specific outcomes is summarized in Figure 2. The

TCO2 was significantly lower for ICU admitted patients (28.7 mmHg,

95%CI 24.0–33.4) compared to non-ICU patients (35.7mmHg, 95%CI

34.7–36.7). ETCO2 was lower in the severe illness group (30.3 mmHg,

95%CI 28.9–31.7) than the non-severe illness group (33.3mmHg, 95%

CI 32.3–34.3). In addition, Table 3 demonstrates the TCO2 results and

ETCO2/TCO2 gap for various specific diagnoses. Mean TO2 was not

associated with any endpoint.

F IGURE 2 Transcutaneous CO2 and clinical outcomes.
Comparison of themeasured TCO2 measured at 15minutes to clinical
outcomes. Abbreviations: BiPAP, bilevel positive airway pressure; LOS,
length of stay; TCO2, transcutaneous carbon dioxide

4.3 Correlation of TCO2 and TO2 with probe
placement and data timing

The correlation coefficients and 95% confidence intervals comparing

TCO2, TO2, and ETCO2 measurements are reported in Figure 3. There

was a strong positive correlation between centrally and peripherally

placed TCO2 probe measurements (r = 0.83). There was also a strong

correlation between centrally and peripherally placed TO2 probemea-

surements, though slightly less so (r = 0.57). A strong positive correla-

tion was observed with both TCO2 (r = 0.83) and TO2 (r = 0.57) mea-

surements taken at initial time versus steady state (15minutes).

4.4 Correlation of TO2 and TCO2 with other
markers

There was a weak correlation between TO2 and pulse oximetry

(r = 0.25). A moderate correlation (r = 0.32) exists between TCO2

and ETCO2. The mean difference between ETCO2 and TCO2 was

3.7 mmHg. There were 30 subjects who had a discrepancy between

ETCO2 and TCO2 of greater than 10mmHg. These patients were older

in age, averaging 67 versus 51 years, andmore likely to have cardiores-

piratory complaints than those with concordant values. Those with

large disparate values also had a longer average LOS (3.4 days) com-

pared to concordant values (1.6 days).

The mean TCO2 was lower in patients with lactate > 2.0 mmol/L

(29.8 mmHg, 95%CI 25.8–33.8) than those with lactate < 2.0 mmol/L

(35.7 mmHg, 95% CI 34.9–36.9). The TCO2 values of centrally placed

probes for individual markers of severe illness are summarized in

Table2 andFigure2.Notably, patients admitted to the ICU (N=11) had

a significantly lower average TCO2 (28.7 mmHg) compared to those

admitted to step down units or the floor (35.7mmHg).

The correlation coefficient for patients who had an ABG completed

at the time of central TCO2 measurements (N = 9) demonstrated a

strong positive linear relationship (r = 0.94) comparing ABG PCO2 to
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F IGURE 3 Correlation between secondary outcomes. Abbreviations: ETCO2, end tidal carbon dioxide; TO2, transcutaneous oxygen; TCO2,
transcutaneous carbon dioxide

TABLE 2 TCO2 (mmHg) levels for the composite and individual outcomes

Outcome Present Not Present

N TCO2 (95%CI) N TCO2 (95%CI)

Severe illness 106 34.6 (95%CI 33.0–36.2) 193 35.9 (95%CI 34.7–37.1)

Death† 6 39.5 (95%CI 18.4–60.6) 293 35.6 (95%CI 34.6–36.5)

ICU admission† 11 28.7 (95%CI 24.0–33.4) 288 35.7 (95%CI 34.7–36.7)

Endotracheal intubation† 1 25.5 298 35.7

BiPAP† 3 52.8 (95%CI 7.0–98.6) 296 35.5 (95%CI 34.6–36.4)

Admission> 2 days† 100 34.5 (95%CI 33.0–36.0) 199 36.2 (95%CI 35.0–37.5)

Vasopressor† 1 25.5 298 35.7

Lactate> 2mmol/L 61 29.8 (95%CI 25.8–33.8) 238 35.7 (95%CI 34.9–36.9)

†For each individual outcome, the measurement is for all with that outcome compared to other study participants. Abbreviations: BiPAP, bilevel positive

airway pressure; CO2, transcutaneous carbon dioxide

TCO2. Correlation coefficient of ETCO2 versus ABG PCO2 showed a

weak relationship (r= 0.11).

4.5 Limitations

There are potential limitations to this study. The overall low number

of mortalities, ICU admissions, intubations, and vasopressor use weak-

ened the overall power as well as comparisons based on associated

TCO2 levels. The use of the severe illness definition as a composite out-

come was intentionally chosen in order to increase the study power

and thenumber of patientswhomaybenefit from this non-invasive and

continuous monitoring strategy. However, it also increased the likeli-

hood of confounding variables. Our subgroup analysis, particularly ICU

admission, demonstrated a significant difference with regard to TCO2.

Further, this study was conducted on a convenience sample, with

patients enrolled typically during the daytime regardless of chief com-

plaint. This made it difficult to determine if there was a correlation
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TABLE 3 Mean TCO2 measurements and ETCO2/TCO2 for specific disease processes

N ETCO2 Mean TCO2 (mmHg) ETCO2 - TCO2 gap (mmHg)

All cardiorespiratory 21 29.7 (95%CI 26.6–32.7) 40.1 (95%CI 37.0–43.3) 9.8

Pulmonary embolus 3 28.3 (95%CI 19.5–37.2) 39.9 (95%CI 36.7–43.1) 12.1

Asthma/chronic

obstructive pulmonary

disease

7 27.0 (95%CI 20.8–33.2) 41.7 (95%CI 38.9–44.5) 15.1

Congestive heart failure 7 31.7 (95%CI 29.0–34.4 39.3 (95%CI 30.6–48.0) 4.8

Pneumonia 4 31.8 (95%CI 24.8–38.7) 38.9 (95%CI 37.0–40.8) 7.1

Sepsis/infection 4 27.9 (95%CI 23.5–32.3) 29.9 (95%CI 27.1–32.8) 4.7

Abbreviations: ETCO2, end tidal carbon dioxide; TCO2, transcutaneous carbon dioxide

between TCO2 measurements and specific disease processes. It is

possible that cardiorespiratory illnesses or sepsis may have a greater

change in TCO2 than other conditions that lead to hospitalization. In

future studies, it would be of interest to assess patients with specific

conditions or diseases to increase the power and applicability of the

technology.

5 DISCUSSION

Although transcutaneousmeasurements of oxygen and carbon dioxide

have been used in other settings, their utility in the ED is still under

investigation. In this prospective assessment we found that TO2 and

TCO2 did not discriminate for the composite outcome of severe illness.

However, TCO2 could be a useful adjunct for identifying critically ill

patients in an ED population, on average lower in those admitted to

ICU compared to other dispositions. There was a strong correlation

between TCO2 values taken initially and at steady state. TCO2 is only

moderately correlated with ETCO2 but is strongly correlated with lac-

tate and PaCO2.

This is not the first study toexamine theutility ofTCO2 in anEDpop-

ulation. Tatevossian et al. examined the use of TCO2 in trauma patients

with signs of shock.9 In that study, non-survivors had lower TO2 and

higher TCO2 compared with survivors. However, that was the only

other study to correlate transcutaneousmeasurementswith outcomes

in an ED population and included only critically ill trauma patients.

TCO2 or TO2 were not statistically different between ED patients

with severe and non-severe illness as a whole. When considering indi-

vidual markers of severe illness, patients with ICU admission had a sig-

nificantly lower TCO2. However, the enrollment time frame captured

only a limited number of patients whowere admitted to the ICU. Addi-

tionally, only a fewpatientswere critically ill traumapatientswith signs

of shock, which could explain the discrepancy in results from Tatevos-

sianet al.9 Future studies should replicate this result by recruitingmore

critically ill patients with a wide range of etiologies, not solely trauma.

When using a transcutaneous monitor, it is clear that centralized

(torso and head) probe locations are more accurate than using periph-

eral (arm or leg) for measuring TCO2. Less variation was seen in cen-

tral locations. In a few patients a warmup period was necessary to

reach steady state. However, the majority of initial values were sim-

ilar to steady state and exhibited a strong correlation. It is theorized

that any discrepancies could be because of the perfusion differences in

distal capillary beds, particularly in septic, hypothermic, or hypotensive

patients experiencing peripheral vasoconstriction.

The utility of ETCO2 and lactate have beenwell established in an ED

setting.11–16 Likewise, ETCO2 has been shown to have a strong nega-

tive correlation with lactate in patients with suspected sepsis.11 In this

study, TCO2 and ETCO2 measurements had a moderate correlation.

This is reasonable considering that venous PaCO2 and ETCO2 are not

the comparablemeasurements. Therewas aweak correlation between

TO2, which correlates to the venous PaO2, and pulse oximetry. These

discrepancies illustrate that the transcutaneous data are not a duplica-

tion of these other non-invasivemeasures butmay add useful informa-

tion to guidemanagement.

The TCO2 and lactate had a moderate correlation. Additionally,

patients with lactate >2 mmol/L had lower TCO2 than patients with

lactate <2 mmol/L. This suggests that in a pool of patients with sus-

pected sepsis in which lactate would be drawn, TCO2 could be a useful

non-invasive tool to predict severe illness. Future studies should focus

solely on a sample of patients with suspected sepsis.

The correlation between PaCO2 and TCO2 has been established in

ED settings, specifically in patients with acute respiratory failure.17–22

Lermuzeaux et al. showed that TCO2 had a stronger correlation with

PaCO2 than ETCO2 in these patients, which could be because of the

increase in alveolar dead space that artificially lowers ETCO2 com-

pared with PaCO2.
18 This study replicated these results, showing

that TCO2 had a stronger correlation with PaCO2 than ETCO2. Also,

patients with a large discrepancy between ETCO2 and TCO2 were

more likely to have cardiorespiratory complaints (ie, chronic obstruc-

tivepulmonarydisease, asthma, pneumonia, pulmonaryembolism), fur-

ther suggesting that alveolar dead space could play a role.

In summary, TCO2 could be a useful adjunct for identifying severe

illness in an ED population. However, we found that TO2 and TCO2

did not discriminate for our composite outcome of severe illness. On

average, it was lower in those admitted to ICU compared to other

dispositions, illustrating the potential for identification of critically ill

patients. Initial measurements in a central location appear to be the

most optimal and efficient methods of measurement. TCO2 is strongly
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correlated with lactate and PaCO2 but moderately correlated with

ETCO2. The discrepancy suggests that the data are not a duplication of

other non-invasive measures but may add useful information to guide

management. TO2 did not predict severity of illness in this popula-

tion. TCO2 and ETCO2 could be useful in unique circumstances in an

ED, such as cardiorespiratory complaints and suspected sepsis. Future

studies in the ED, including larger subsets of patients with specific dis-

ease processes, would be of interest to assess the potential utility and

applicability of the technology.
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