
Microstream™ etCO2 monitoring tech nology 

provides EMS care providers access to 

accurate respiratory rates, CO2 values, and 

breath-by-breath waveforms in intubated 

and non-intubated patients. Microstream™ 

capnography offers an effective tool for 

EMS clinicians to help recognize respiratory 

distress earlier and more quickly provide 

intervention.

 

Use this guide to review the clinical 

evidence that supports the utility of 

capnographic monitoring in optimizing  

the care of EMS patients.

Microstream™ Capnography Clinical Evidence Guide
Emergency Medical Services
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Overview

Respiratory distress is common among Emergency Medical Service patients

• Nearly 12% of EMS calls are categorized by EMS personnel as primarily “respiratory distress” in nature.1

• EMS patients with respiratory distress often result in significant allocation of resources and poor outcomes. (See Table 1)

• 39% of patients with EMS witnessed out-of-hospital cardiac have prearrest signs of respiratory insufficiency.2

• Multiple causes underlie respiratory distress in EMS calls. (See Table 2)  

Table 1. Hospital outcomes and procedures 
among EMS patients with respiratory distress1

Hospital mortality (%) 10

Received intensive care (%) 31

ICU LOS – days (SD) 2 (1-4)

Hospital LOS – days (SD) 4 (2-6)

Invasive MV (%) 15

Table 2. Common primary discharge diagnoses 
among prehospital respiratory distress patients1

CHF 16%

Pneumonia 15%

COPD 13%

Acute respiratory failure 14%

Asthma 5%

Acute myocardial infarction 4%

Pulmonary embolism 2%

Lung cancer 1%

None of the above 30%
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Overview

Continuous monitoring with Microstream Capnography provides clinicians with real time 
feedback of patient ventilatory status, providing rapid and accurate detection of episodes of 
respiratory abnormalities. 

Detection of respiratory abnormities by capnography in patients undergoing 
sedation in the emergency department3

% of hypoxic events (SpO2 <93) detected by capnography previous to onset 100

Mean time delay from detection of respiratory depression  (EtCO2 > 50 mmHg) 
by capnography to onset of hypoxia  (SpO2 <93) (sec) 60
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Overview

Additional information provided by capnography enables EMS personnel to identify specific respiratory 
abnormalities and treat patients presenting with respiratory distress with personalized interventions.

IDENTIFY: Capnographic assessment of respiratory abnormalities4

Respiratory Abnormalities EtCO2 Waveform RR

Hyperventilation ↓ Decreased amplitude and width ↑

Hypoventilation ↑ Increased amplitude and width ↓

Bronchospasm Normal, ↑, or ↓ Curved (shark fin) Normal, ↑, or ↓

Apnea Zero Absent Zero

Partial Airway obstruction/ 
Laryngospasm5 Normal Normal Variable

TREAT: Capnography-guided management of respiratory abnormalities

Intervention Pitfalls Solution

Bag-mask-valve ventilation

Hyperventilation6

Obstructed airway7

Poor seal7

Capnography provides real-time feedback to alert providers 
of hypoventilation and hyperventilation in patients 
undergoing bag-mask-valve ventilation4

Supplemental oxygen Supplemental oxygen impairs 
detection of hypoventilation by SpO2

8
In patients receiving supplemental O2, capnography detects 
hypoventilation more reliably and rapidly than SpO2

9

Continuous positive airway 
pressure (CPAP)

Lack of improvement following CPAP 
may indicate the need for intubation 
and assisted ventilations

End-tidal CO2 measurement provides an accurate estimation 
of PaCO2 in patients receiving CPAP10

Treatment with CPAP significantly elevates EtCO2
11

NEXT  ><  BACK



Overview

End-tidal carbon dioxide 
measurements in children  
with acute asthma

Prehospital EtCO2 correlates 
with serum lactate levels and 
odds of operative intervention in 
penetrating trauma patients

Prehospital EtCO2 is associated  
with in-hospital mortality and 
markers of metabolic disturbance

Prehospital EtCO2 correlates  
with poor outcome in adult 
asthmatic patients

EtCO2 correlates with arterial 
partial pressure of CO2 in  
patients presenting to the ED  
with acute dyspnea

5

Overview

Carbon dioxide is intrinsically coupled with  basal metabolic rate, cardiac output, and ventilation. Therefore, capnography-
guided assessment of respiratory abnormalities, as indicated by extreme EtCO2 values, and waveform morphology may 
reflect derangement in perfusion, metabolism or gas exchange associated with multiple diseases.    

Disease State Respiratory Abnormality Etiology EtCO2

Asthma Dyspnea Asthma-related airway obstruction and worsening ventilation ↑

Asthma Tachypnea Increased effort to breath during asthma-related airway obstruction ↓

COPD Dyspnea Poor ventilatory exchange resulting in retained carbon dioxide and 
high PaCO2

↑

Diabetic Ketoacidosis Hyperventilation Compensatory respiratory alkalosis to lower PaCO2 to lessen severity 
of acidemia

↓

Gastroenteritis 
(Dehydration) Hyperventilation Compensatory respiratory alkalosis to lower PaCO2 to lessen severity 

of acidemia
↓

Sepsis Hyperventilation Compensatory respiratory alkalosis to lower PaCO2 to lessen severity 
of acidemia

↓

Pulmonary Embolism (PE) Dyspnea and/or tachypnea PE obstructs blood flow to the lung, increasing alveolar dead space, 
and reducing gas exchange 

↓

Shock Tachypnea Shock with hypotension reduces cardiac output, which decreases 
elimination of carbon dioxide from the lungs

↓

Congestive Heart Failure Hyperventilation Increased compensatory hyperventilation due to decreased 
pulmonary perfusion and to lessen the severity of acidosis

↓
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Overview

In several diseases associated with derangement in perfusion, metabolism or gas exchange, abnormal end-tidal carbon 
dioxide levels are often found in association with abnormal levels of serum lactate, a measure of tissue hypoxia and shock, 
and bicarbonate, a measure of acid-base imbalance. 

EtCO2 has been shown to be a non-
invasive indicator of serum lactate  
levels in the following disease states: 

Hypovolemic, cardiogenic and septic shock12

Sepsis13

Metabolic disturbances14

EtCO2 has been shown to be a non-
invasive indicator of serum lactate  
levels in the following disease states: 

Metabolic disturbances15

Hypovolemic, cardiogenic and septic shock12

Gastroenteritis16

In EMS patients with prehospital respiratory abnormalities, EtCO2 or capnography derived respiratory rate  
measurements may assist EMS personnel in identifying patients at-risk for poor outcomes.  

Population EtCO2/RR Value Correlates with following outcome:

Adult Asthma EMS patients17 EtCO2 < 30 or > 50 mmHg Intubation, ICU admission, Mortality

Pediatric Asthma EMS patients18 Capnography ratio* < 0.15 Hospital  admission

EMS patients with respiratory distress1 RR increase by 5 breaths/min 
from baseline Hospital admission

Nontrauma, non–cardiac arrest EMS patients19 RR < 12 or ≥ 36 ICU admission

*Capnography Ratio = Length of plateau portion of capnogram in millimeters/respiratory rate
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Caputo, N.D., et al., Nasal cannula end-tidal CO2 correlates with serum lactate levels and odds of operative intervention 
in penetrating trauma patients: a prospective cohort study. J Trauma Acute Care Surg, 2012. 73(5): p. 1202-7.

Study Information

Objective Determine whether presenting EtCO2 values are associated with lactate levels and patients odds of require operative 
intervention for penetrating trauma.

Study design Prospective, Observational, Cohort

Participants 105

Number of 
centers 1

Geography United States

Years conducted 2011

Capnographic 
monitoring End tidal carbon dioxide (Microstream Smart Capnoline; Covidien, Boulder, CO via Phillips monitor) 

Methods
All patients for whom the trauma team was activated at an urban Level 1 trauma center had baseline EtCO2 from 
a nasal cannula and serum lactate measured upon presentation at trauma bay.  Outcome was defined as need for 
surgical intervention.  

Conclusion
“ETCO2 has a strong inverse correlation to serum lactate levels. Abnormally low EtCO2 values were associated with 
greater increased odds compared with serum lactate levels of penetrating trauma patients requiring operative 
intervention.”
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Patient characteristics

Mean age (years) 26.5

Male sex (%) 91.4

Gunshot wound (%) 46.7

Stab wound (%) 53.3

Massive transfusion protocol (%) 34.2

EtCO2 (mmHg) (mean ± SD) 27.3 ±  9.1

Serum lactate level (mmol/L) (Mean ± SD) 4.45 ±  2.3

Operative Intervention (%) 58.1

Study outcomes

Primary end point

Correlation with linear regression of ETCO2 to serum lactate R = -0.86 p = 0.0001

Correlation between EtCO2 and Systolic Blood Pressure R = 0.023 p = 0.81

Correlation between Serum Lactate and Systolic Blood Pressure R= -0.08 p = 0.41

Secondary end point

Odds ratios of patients needing an emergent operation – 
Abnormally Low EtCO2 (< 35 mmHg) 20.4 (95% confidence interval, 7.47-55.96)

Odds ratios of patients needing an emergent operation – 
Abnormally High Serum Lactate (4 > mmol/L) 4 (95% confidence interval, 1.68-5.93)
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Hunter, C.L., et al., The sixth vital sign: prehospital end-tidal carbon dioxide predicts in-hospital mortality and  
metabolic disturbances. Am J Emerg Med, 2014. 32(2): p. 160-5.

Study information

Objective Investigate the correlation between prehospital end-tidal carbon dioxide and in-hospital mortality as influenced by 
metabolic disturbances.

Study design Retrospective cohort study

Participants 1328

Number of 
centers 1

Geography USA

Years conducted 2009-2011

Capnographic 
monitoring End-tidal carbon dioxide (Microstream Capnography, Covidien, Boulder, CO via Lifpak 12 (Physiocontrol))

Methods
Retrospectively evaluated prehospital EtCO2 values to predict patient outcome compared to other vital signs in all 
adult EMS patients. The primary outcome was in-hospital mortality. Secondary outcomes included patient disposition 
at discharge, hospital admission, ICU admission, ICD-9 coded, HCO3, anion gap, and lactate level. 

Conclusion Of all prehospital vital signs, ETCO2 was most correlated with mortality.  This correlation may be influenced by the 
severity of metabolic acidosis.
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Patient characteristics

Survivors (N = 1,048) Non-survivors (N = 40) P value

Age 53 64 0.001

Gender (% male) 55% 53% 0.749

Significant differences in patient characteristics

Admitted to hospital 736 40 <0.001

Admitted to ICU 93 21 <0.001

Study outcomes

Primary end point

Survivors (N = 1,048) (95% CI) Non-survivors (N = 40) (95% CI)

Mean EtCO2 34 (34-35) 25 (21-29) <0.001

Respiratory rate 24 (23-24) 23 (19-27) 0.535

Systolic BP 141 (139-143) 94 (75-115) <0.001

Diastolic BP 85 (84-86) 58 (45-70) <0.001

Pulse 95 (94-97) 89 (76-102) 0.120

SpO2 95 (95-96) 82 (75-89) <0.001

Shock Index (SI = P/SBP) 0.70 (0.69-0.72) 0.60 (0.45-0.75) 0.179
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Study outcomes (continued)

Receiver operating characteristic curve for vital signs and mortality with cardiac arrests excluded

Vital sign AUC (95% CI) P-Value

etCO2 0.77 (0.67-0.87) < 0.001

SpO2 0.74 (0.63-0.84) < 0.001

Systolic BP 0.66 (0.55-0.77) 0.003

Diastolic BP 0.63 (0.52-0.74) 0.017

Pulse 0.49 (0.38-0.60) 0.849

Shock index 0.42 (0.30-0.55) 0.163

Respiratory rate 0.47 (0.35-0.59) 0.527

Secondary end point

Correlation coefficient P Value

etCO2 and HCO3 levels 0.429 < 0.001

etCO2 and anion gap -0.216 < 0.001

etCO2 and serum lactate -0.376 < 0.001
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Nagurka, R., et al., Utility of initial prehospital end-tidal carbon dioxide measurements to predict poor outcomes in 
adult asthmatic patients. Prehosp Emerg Care, 2014. 18(2): p. 180-4.

Study information

Objective Investigate the correlation between  prehospital end-tidal carbon dioxide (EtCO2) and poor outcomes in adult 
asthmatic patients 

Study design Retrospective cohort

Participants 299

Number of 
centers 1

Geography USA

Years conducted 2005-2008

Capnographic 
monitoring End-tidal carbon dioxide (Microstream Capnography, Covidien, Boulder, CO via Physio-Control Defibrillator)

Methods

Retrospectively evaluated whether initial prehospital EtCO2 values in all adult patients with a primary complaint of 
respiratory distress in the field are associated with poor outcome. Excluded non-asthma patients. Primary outcomes 
measures included in-hospital diagnosis, hospital admission, ICU admission, ED death, or discharge home. Secondary 
outcomes included ED length of stay and mechanical ventilation.  

Conclusion “Extreme (both low and high) prehospital initial EtCO2 measurements may be associated with markers of poor 
patient outcomes.”
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Patient characteristics

Mean age 43 years

Gender (% male) 47%

Mean etCO2 (Range) 39 (14-82)

 

Study outcomes

Primary end point

Extreme EtCO2 <28 mmHg 
and > 50 mmHg Non-extreme EtCO22 29-49 mmHg Positive predictive value P value

ICU admission 29% 7% 28.8% <0.001

In-hospital 
mortality 5% 0% 5.1% 0.007

Secondary end point

Extreme EtCO2 <28 mmHg 
and > 50 mmHg Non-extreme EtCO2 29-49 mmHg Positive predictive value P value

Intubated and 
mechanical 
ventilation

30% 6% 30.5% <0.001
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Nik Ab Rahman, N.H. and A.F. Mamat, The use of capnometry to predict arterial partial pressure of CO2 in  
non-intubated breathless patients in the emergency department. Int J Emerg Med, 2010. 3(4): p. 315-20.

Study information

Objective Investigate the correlation between end-tidal carbon dioxide and partial pressure of carbon dioxide in non-
intubated emergency department patients with acute dyspnea.  

Study design Cross-sectional, observational study

Participants 150

Number of 
centers 1

Geography Malaysia

Years conducted 2005-2006

Capnographic 
monitoring Microstream Oridion Smart CapnoLine® CO2 sampling

Methods

Non-intubated patients presenting to the emergency department with acute dyspnea of various etiologies had 
three EtCO2 reading at one minute intervals. Arterial blood gas sampling was taken during simultaneous 3 minute 
intervals. Correlation was analyzed using Pearson correlation coefficient. Patients were groups as having acidosis, 
alkalosis, or normal acid-base; hypocapneic or hypercapneic; and pulmonary or non-pulmonary pathology.   

Conclusion
“This study shows that ETCO2 can be used to predict the PaCO2 level when the difference between the PaCO2 and 
ETCO2 is between 2 to 6 mmHg, especially in cases of pure acidosis and hypocapnia. Using ETCO2 to predict PaCO2 
should be done with caution, especially in cases that involve pulmonary disorders and acid-base imbalance.”
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Patient characteristics

Patients (n) 150

Male (%) 66.7

Female (%) 33.3

Age (years) 54.2

 

Study outcomes

Primary end point

The correlation between EtCO2 and PaCO2 in various conditions

Condition N Correlation Coefficient P Value

All conditions 150 0.716 0.000

Acidotic 25 0.374 0.02

Alkalosis 28 0.171 0.037

Hypocapnia 118 0.738 0.000

Hypercapnia 32 -0.738 0.000

Pulmonary 43 -0.336 0.000

Non-pulmonary 107 0.336 0.000

Temperature 
(febrile) 29 0.074 0.370
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Guthrie, B.D., M.D. Adler, and E.C. Powell, End-tidal carbon dioxide measurements in children with acute asthma.  
Acad Emerg Med, 2007. 14(12): p. 1135-40. 

Study information

Objective Evaluate the association between EtCO2 and asthma severity in pediatric patients presenting to the Emergency 
Department with acute asthma exacerbations.

Study design Prospective, blinded, observational

Participants 100

Number of 
centers 1

Geography USA

Years conducted n/a

Capnographic 
monitoring Microcap Plus (Oridion Capnography, Jerusalem, Israel)

Methods
Initial and disposition EtCO2 values were obtained from children, ages 3 to 17, with known history of asthma 
presenting the ED. Outcome measures included Peak expiratory flow rate (PEFR), Pediatric Asthma Severity Score 
(PASS), oxygen saturation, and disposition.

Conclusion “Noninvasive bedside measurement of EtCO2 values among children with acute asthma is feasible. EtCO2 values did 
not distinguish children with mild disease from those with more severe disease.”
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Primary end point

Comparison of Presentation EtCO2 Value by Disposition, PASS, and PEFR

Discharged (n=84) Admitted (n=15) P Value

Presentation EtCO2 – Discharged vs. Admitted 35.6 32.9 < 0.02

PASS ≤ 1 (n=48) PASS >1 (n=51)

Presentation EtCO2 – PASS ≤1 vs. >1 35.0 35.0 ns

PEFR ≥ 50% (n=33) PEFR < 50% (n=10)

Presentation EtCO2 – PEFR ≥ 50% vs. < 50% 36.0 35.9 ns

Comparison of Disposition EtCO2 Value by Disposition, PASS, and PEFR

Discharged (n=84) Admitted (n=15) P Value

Disposition EtCO2 – Discharged vs. Admitted 33.9 31.6 ns

PASS ≤ 1 (n=81) PASS > 1 (n=18)

Disposition EtCO2 – PASS ≤ 1 vs. >1 33.7 32.8 ns

PEFR ≥ 50% (n=41) PEFR < 50% (n=2)

Disposition EtCO2 – PEFR ≥ 50% vs. < 50% 35.0 33.5 ns
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