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Abstract Background: Cardiac arrest (CA) is considered one of the main public health problems in the world. Knowing 

how to predict a successful outcome of it early, is one of the main challenges for professionals in the healthcare world. In 

recent years, capnography has become important in the world of intra and out-of-hospital emergencies, being a great help 

during resuscitation efforts.  

Objectives: To determine if the values of the capnograph during cardiopulmonary resuscitation predict return of 

spontaneous circulation (ROSC). 

Methodology: Systematic review of the available scientific literature was carried out, following previously established 

inclusion and exclusion criteria. 

Results and Conclusions: A total of 6 articles were selected, where it was observed that the capnograph can be used in an 

acceptable way to predict ROSC. Furthermore, its combination with other parameters can be very useful for decision 

making. However, there is still no consensus to determine the optimal cut-off point of end-tidal carbon dioxide (EtCO2) to 

predict ROSC due to the influence of certain confusion factors. 
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Introduction 

Cardiorespiratory arrest (CRA) is one of the main causes of 

death in industrialized countries. Only in Spain there are 

18,000 cases of CRA per year in hospitals and 50,000 at 

the out-of-hospital level, that is why it is considered a 

public health problem of great importance(1). 

The probability of overall survival in Spain after an 

extra-hospital CRA is 10.1%, slightly lower than the 

European one (10.7%)(1). These data make it necessary to 

propose new action strategies in order to improve the 

results and quality of life of patients who have suffered 

CA(2). In recent years, the role of capnography has been 

gaining relevance in the world of intra- and out-of-hospital 

emergencies, recommending its use during CPR and urgent 

cardiovascular treatment(3). 

Capnographic monitoring consists of the continuous and 

non-invasive measurement of the carbon dioxide (CO2) 

exhaled by the patient in the airway(4). The concentration 

of this degradation product in the body is maximum at the 

end of expiration, so this parameter, the CO2 at the end of 

expiration (End-tidal CO2/EtCO2), is the most used to 

assess the patient's ventilatory status(5). 

The EtCO2 values correlate with the arterial pressure of 

CO2 (PaCO2) obtained in arterial blood gas. Normal PaCO2 

figures are between 35 and 45 mmHg. in healthy patients, 

EtCO2 figures are 3 to 5 mmHg lower than PaCO2. 

However, in patients who have an alteration in the 
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Ventilation/Perfusion ratio, these figures may differ by up 

to 10 mmHg, so they should be kept in mind in clinical 

practice(6). 

In advanced CPR, capnography is used to continuously 

assess the patient's hemodynamic status. Some authors 

point out that during chest compressions the cardiac output 

is less than 30%, which causes low EtCO2 levels. For a 

quality cardiac massage, exhaled CO2 values between 15 

and 20 mmHg should be achieved. On the other hand, low 

EtCO2 values during CPR have been associated with a 

lower probability of ROSC and, therefore, with higher 

mortality(7,8). 

One of the main problems that can occur during advanced 

CPR is esophageal intubation. Capnography allows to 

objectively verify the correct placement of the endotracheal 

tube. Furthermore, it gives us information in real time 

about possible tube obstructions or accidental extubation(7). 

Likewise, the European Resuscitation Council (ERC), in its 

2015 Resuscitation Guide, recommends the use of 

capnography to check the correct position of the 

endotracheal tube in the airway, determine the 

effectiveness of chest compressions and assess the 

respiratory rate during CPR in order to avoid 

hyperventilation of the patient. On the other hand, it 

suggests the possible use of capnography values to predict, 

in many cases, the recovery of ROSC and as a prognosis 

for survival after discharge(5). 

In patients who have suffered from an out-of-hospital CPR, 

knowing how to predict a successful outcome of CPR early 

is a great challenge for professional advanced life support 

providers. Despite the research that has been carried out in 

recent years, clear conclusions have not yet been reached 

about the conditions that must be present in the patient in 

order to accurately predict ROSC(9). 

Therefore, we plan to carry out a systematic review of the 

scientific literature in order to determine the information 

that capnography can provide us on ROSC and its 

significance in the patient's prognosis during CPR. 

 

METHODOLOGY 

Given the relevance that the use of capnography has been 

acquiring during advanced CPR and the multiple studies 

that have been published in recent years, the present 

systematic review of the available scientific literature has 

been carried out, in order to determine whether 

capnography values during cardiopulmonary resuscitation 

predict recovery of spontaneous circulation. 

The literature search took place between January and April 

2020, by collecting different documents, both primary and 

secondary. The databases and digital platforms used were 

Pubmed-Medline, ScienceDirect, Web of Sciene (WOS) 

and The Cochrane Library. The Virtual Health Library 

(VHL) was also consulted, where we used databases such 

as IBECS, LILACS and Medline. 

The keywords used in the search for the available scientific 

literature were: “capnography”, “infarction”, “carbon 

dioxide at the end of expiration”, “recovery of spontaneous 

circulation” and “cardiac arrest”. The first two are indexed 

in the MeSH (Medical Subjects Headings) Thesauri. 

The Boolean operators used for the combination of the 

different keywords were "AND" and "OR". In order to 

limit the search and obtain the most up-to-date information 

possible, articles published in the last 5 years were 

included. 

During the selection of scientific articles, a series of 

inclusion criteria were defined: 
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 Studies with scientific evidence where ETCO2 has 

been measured during CPR and the results were 

analyzed. 

 Studies of patients over 18 years old who have suffered 

from a CRA and have undergone CPR, with advanced 

airway management. 

 Studies that have been published from 2015 to 2020. 

 Studies published in English or Spanish. 

Those articles that did not meet the mentioned criteria were 

excluded in relation to the subject matter, the age of the 

study subjects or the period or language of publication. 

Furthermore, those articles that were not original or 

primary research were not included. 

After searching the literature, we made the selection of 

studies through a careful screening process, reflected by 

the PRISMA Flow Diagram (Figure 1). First, we 

eliminated duplicate records and then, through reading the 

title and full text, we were excluding studies that did not 

meet the eligibility criteria defined above. The critical 

reading of the 15 selected articles was carried out using the 

CASP program (Critical Appraisal Skills Program). 

Possible discrepancies in the final selection of these studies 

were resolved by consensus by two independent reviewers 

who finally selected 6 articles which are primary 

investigations (prospective and retrospective studies), that 

showed sufficient scientific rigor to be kept in mind in the 

present systematic review. 

To establish the levels of scientific evidence and grade of 

recommendation of the selected articles, the model 

proposed by the "Scottish Intercollegiate Guidelines 

Network" (SIGN) was used. This model includes the 

methodological quality of the studies included in the 

systematic reviews. 

 

 
Figure 1. Flow chart for the selection of articles. Source: PRISMA 2009 

FlowDiagram. Modified by the author (2020). 

 

 

RESULTS 

The results obtained after analyzing the articles included in 

this review are presented below. 

At the end of this section, a table is shown where the most 

relevant aspects, level of evidence (LE) and grade of 

recommendation (GR) for each of them are summarized 

(Table 1). 
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Table 1. Summary of articles included in the review of the scientific literature. 

Author/Year LE/GR Type of Study/n Objectives Results Conclusions 

Javaudin M. 

et al.(10) 

2018 

2++/B Retrospective 

cohort study 

 

n: 9,405 

Assess the impact, 

during CPR, of 

prehospital vital 

parameters on the 

neurological result at 

30 days. 

EtCO2 values <20 mmHg 

increase the poor neurological 

prognosis by 19.1%. EtCO2 

values <30 or >40 mmHg and 

SAT >130 or <80 mmHg are 

indicators of a poor prognosis 

with AUC 0.87. 

EtCO2 values between 30-40 

mmHg, SpO2≥94%, and SAT 

between 100-130 mmHg are 

associated with a better 

neurological prognosis. 

Engel TW. et 

al)11) 

2019 

2+/C Retrospective 

cohort study 

 

n: 176 

Determine the ability 

of EtCO2 and CerOx 

to predict ROSC. 

EtCO2 was an acceptable 

predictor of ROSC at different 

times of CPR with an 

AUC >0.73, and CerOx an 

excellent predictor with an 

AUC >0.81. 

Higher values and positive 

trends in cerebral 

capnometry and oximetry 

during resuscitation are 

associated with greater 

chances of ROSC. 

Poppe M. et 

al.(12) 

2019 

2++/C Retrospective 

cohort study 

 

n: 526 

Analyze the value of 

capnography during 

CPR to predict 

ROSC and survival 

at 30 days. 

Baseline EtCO2 values >45 

mmHg are associated with a 

higher probability of punctual 

ROSC, sustained ROSC and 

survival at 30 days (p<0.001) 

when the primary rhythm is 

Asystolia or PEA. Levels <20 

mmHg are associated with a 

low probability of ROSC 

(p<0.001). 

Patients who have suffered 

OHCA with an initial 

non-shockable rhythm and 

present high initial values of 

EtCO2, have a greater 

probability of sustained 

ROSC and survival at 30 

days. 

Elola A. et 

al.(13) 

2019 

2++/B Retrospective 

cohort study 

 

n: 426 

To determine the 

capacity of 

capnography to 

discriminate between 

PEA and PR, as well 

as its potential to 

detect ROSC. 

The joint evaluation of ECG, IT 

and EtCO2 provide greater 

discrimination of the PEA/PR 

segments and, therefore, a 

greater probability of detecting 

ROSC with AUC 0.92. EtCO2 

levels independently can also be 

considered an acceptable 

predictor of ROSC with AUC 

0.76. 

Capnography offers added 

value to detect ROSC 

independently and together 

with other parameters. 

Çalbay A. et 

al.(14) 

2019 

2++/B Retrospective 

cohort study 

 

n: 155 

Evaluate whether 

EtCO2, AaGCO2 and 

different parameters 

in blood can be used 

as a prognostic 

marker for ROSC. 

The PO2, PCO2 and AaGCO2 

values were shown to have a 

statistical significant association 

with ROSC (p<0.05). EtCO2 

levels did not have a significant 

association with ROSC 

(p>0.05). 

PCO2, PO2, and AaGCO2 

values can be used as 

prognostic markers for 

ROSC. None of the 

parameters analyzed were 

shown to be related to the 

neurological state of the 

patient in the short term 

(p>0.05). 
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Javaudin F. 

et al.(15) 

2019 

2+/C Multicenter 

retrospective 

cohort study 

 

n: 2,239 

Determine the 

maximum value of 

EtCO2 to predict 

ROSC during CPR in 

OHCA of traumatic, 

cardiac and 

respiratory etiology. 

The mean maximum value of 

EtCO2 during the resuscitation 

of the subjects was 21.3 mmHg, 

28 mmHg and 31.2 mmHg in 

OHCA of traumatic, cardiac and 

respiratory causes, respectively. 

The predictive value of the 

maximum value of EtCO2 

offered an AUC of 0.887, 0.772 

and 0.802 for each etiology. 

The maximum EtCO2 values 

were higher in the subjects 

who achieved ROSC, 

regardless of the etiology of 

the OHCA. This measure had 

a strong diagnostic value for 

ROSC. 

NOTE: All included studies were conducted on an out-of-hospital cardiac arrest population. 

Abbreviations: LE: level of evidence; GR: grade of recommendation; n: sample size; CPR: cardiopulmonary resuscitation; EtCO2: end 

tidal CO2; ROSC: return of spontaneous circulation; PEA: pulseless electrical activity; PR: pulsed rhythms; AaGCO2: arterio-alveolar 

CO2 gradient; OHCA: out-of-hospital cardiac arrest; AUC: area under curve. 

 

Evidence number 1 

In 2018, Javaudin et al.(10) investigated the impact of 

pre-hospital vital parameters on the neurological outcome 

of patients who have suffered an out-of-hospital cardiac 

arrest (OHCA). 

To do this, they carried out a retrospective cohort study 

with data extracted from “The French National OHCA 

Registry”. OHCA produced in adults over 18 years old who 

were treated by the medical team of advanced life support 

during the months of July 2011 to July 2017 were included. 

Patients with traumatic etiology or with a Glasgow scale 

≥8 were excluded. Vital parameters that were analyzed 

were EtCO2, oxygen saturation (SpO2), and systolic blood 

pressure (SAT). 

To assess the neurological deterioration of the patients, the 

Cerebral Perfomance Categories (CPC) scale was used. 

The total number of subjects included in the study was 

9,405. At the time of hospital discharge after 30 days, 

2,382 patients had survived; 1,970 with good neurological 

status and 412 with poor neurological status. 

In the univariate analysis, EtCO2 values were measured in 

6,016 subjects (64%), through the endotracheal tube. Both 

moderate hypocapnia and hypercapnia were found to be 

associated with a poor prognosis. In fact, the highest 

probability of a poor neurological outcome occurred with 

EtCO2 values <20 mmHg, where the risk increased by 19.1% 

[95% CI (14.3–22.9), p≤0.0001]. 

A multivariate analysis was also performed in 4,897 

subjects, where it was confirmed that EtCO2 values <30 

mmHg or >40 mmHg, as well as a TAS >130 mmHg or 

<80 mmHg, were indicators of poor prognosis. The area 

under the ROC curve (AUC) of this analysis offered a 

diagnostic value of 87% [(95% CI (86–88)]. 

The authors concluded their research by stating that the 

EtCO2, SpO2 and Systolic blood pressure (SBP) parameters 

have a real impact after 30 days on the neurological status 

in patients who have suffered from an OHCA. EtCO2 

values between 30-40 mmHg, SpO2 ≥94%, and SBP 

between 100-130 mmHg are associated with a better 

neurological prognosis. 

 

 

 

 

Evidence number 2 
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Engel et al.(11) in 2019 compared the ability of EtCO2 and 

Cerebral Oximetry (CerOx) to predict ROSC during 

resuscitation in OHCA or in the hospital emergency room. 

To achieve the objective of the research, they carried out a 

prospective observational study in adults older than 18 

years who had received CPR after suffering a 

non-traumatic CA. Data collection was carried out 

following the Utstein criteria during the period from May 

16, 2010 to March 15, 2014. The parameters were 

measured continuously, in the case of EtCO2, through the 

endotracheal tube and the CerOx values using sensors on 

the subject's forehead. The total number of patients 

evaluated was 176. 

The analysis of both parameters was performed using ROC 

curves (AUC) and a binary logistic regression (ROSC and 

not ROSC), using six indicators derived from the data 

recorded by each device. 

The authors noted that higher values and positive trends in 

both variables during resuscitation were positive predictors 

of ROSC. The indicators, average value in the last 5th, 2nd 

and 1st minute of CPR and the difference from the first to 

the last value were an acceptable predictor of ROSC for 

EtCO2 and an excellent predictor for CerOx. 

In addition, the optimal EtCO2 value in the last two 

minutes of resuscitation to predict ROSC was identified, 

being 26.5 mmHg with a sensitivity of 74.1% and a 

specificity of 59.5%. 

To conclude the study, it was determined that higher values 

and positive tendencies of capnometry and cerebral 

oximetry during resuscitation were associated with greater 

possibilities of ROSC. 

 

 

Evidence number 3 

In 2019 Poppe et al.(12) carried out a retrospective 

observational study on the value of capnography during 

CPR to predict ROSC and survival after 30 days, in 

patients who have suffered a OHCA with an underlying 

non-shockable rhythm. 

A total of data of 2,223 victims of CA in the city of Vienna 

were analyzed during two years (July 2013 to August 

2015). The investigation focused on 526 patients who met 

the following criteria: age over 18 years, non-traumatic CA 

with initial non-shockable rhythm, and advanced airway 

management during the first 15 minutes with consecutive 

measurement of EtCO2. 

The patients finally included were divided into 3 groups 

according to the initial EtCO2 values (<20 mmHg, 20-45 

mmHg and >45 mmHg). To compare these stratified data, 

the Chi square test was used. A binary logistic regression 

model was also performed to determine the odds ratio (OR) 

of any ROSC (at some point during resuscitation), 

sustained ROSC (until arrival at hospital), and survival 

after 30 days. 

The results determined that initial EtCO2 values above 45 

mmHg were associated with higher probabilities of ROSC 

[OR 2.58 (95% CI: 1.64 to 4.06); p<0.001], sustained 

ROSC [OR 3.59 (95% CI: 2.19 to 5.85); p<0.001] and 

survival after 30 days [OR 5.02 (95% CI: 2.25 to 11.23); 

p<0.001], when the underlying primary rhythm was 

asystole or pulseless electrical activity (PEA). Furthermore, 

levels lower than 20 mmHg were associated with a low 

probability of ROSC (p<0.001). 

The authors concluded their study by stating that patients 

who have suffered OHCA with an initial non-shockable 

rhythm and have high initial EtCO2 values have a higher 

probability of sustained ROSC and survival. They also add 

that capnography could be used as a predictor of ROSC in 
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these types of patients and guide decision-making 

regarding whether or not to continue resuscitation efforts. 

 

Evidence number 4 

Elola et al.(13) in 2019 analyzed, through a retrospective 

cohort study, the ability of capnography to discriminate 

between pulseless electrical activity (PEA) and pulsed 

rhythms (PR), as well as its potential to detect ROSC. 

This study was carried out in a Dallas research center 

between 2012 and 2016. A total of 1,561 episodes of 

OHCA were analyzed, of which 426 were finally included 

when meeting the established criteria and having the 

parameters to evaluate available: electrocardiogram (ECG), 

thoracic impedance (TI) and capnography. 

EtCO2 measurements were performed every minute 

(MEtCO2) at a 5 minute interval around ROSC (4 minutes 

before and 1 minute after). The results determined that 

EtCO2 levels were significantly higher in the cases of 

ROSC, with a trend from 41 mmHg (3 minutes before 

ROSC), to 57 mmHg in the minute after recovery. 

The 3.2-second long PEA/PR segments were assessed 

during the chest compression-free intervals using an 

automatic external defibrillator (AED). In the cases of 

ROSC, the previous segments were labeled as PEA and 

those after recovery as PR. In the non-ROSC cases, all 

segments were labeled PEA. The detection of ROSC by the 

signals of the capnograph or the ECG/IT implies a good 

discrimination between both segments. 

The results showed that the use of the three parameters 

together (ECG + IT + EtCO2) provides a greater 

discrimination of the PEA/PR segments and, therefore, a 

greater probability of detecting ROSC satisfactorily (AUC: 

0.92). Furthermore, EtCO2 levels independently can also be 

considered an acceptable predictor of ROSC (AUC: 0.76). 

Research demonstrates the added value of capnography in 

reliably detecting ROSC in patients who have suffered 

from an OHCA, and the authors recommend its 

implementation for such use. 

 

Evidence number 5 

Çalbay et al.(14) carried out an investigation in 2019 on 

the prognostic value of EtCO2 and different parameters in 

blood (pH, PO2, PCO2, lactate) in OHCA. 

The objectives of this prospective cohort study were to 

evaluate whether EtCO2 and arterio-alveolar CO2 gradient 

(AaGCO2) can be used as a prognosis biomarker for ROSC. 

Their role in short-term neurological evaluation was also 

examined. Data collection was carried out from February 

2016 to February 2017. The patients included were over 18 

years old, admitted to the emergency room with OHCA of 

non-traumatic cause. 

The total number of patients evaluated was 155. 

Resuscitation was performed according to the AHA 2015 

recommendations. Arterial blood gases, EtCO2 and 

AaGCO2 were analyzed before and after CPR. 

Regarding the results obtained, the PO2 (p=0.0006), PCO2 

(p=0.0012) and AaGCO2 (p=0.0003) values at the time of 

admission to the emergency room, showed a statistic 

significant association with ROSC. 

In this study, EtCO2 levels did not have a statistical 

significant association with ROSC (p>0.05). The mean 

values on arrival at the emergency service were 

15.66±10.15 mmHg and in the patients who achieved 

ROSC, 29.48±14.98 mmHg. 

In conclusion, PCO2, PO2 and AaGCO2 can be used as 

prognosis biomarkers for ROSC in patients in OHCA 

admitted to the emergency room. The parameter that 

showed the greatest statistical association was AaGCO2, 
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calculated from arterial blood gas (PCO2) and capnometry 

(EtCO2). On the other hand, and unlike other studies, none 

of the parameters analyzed showed a relationship with the 

neurological status of the patient in the short term (p>0.05). 

 

Evidence number 6 

Javaudin et al.(15), published in 2019 a multicenter 

retrospective cohort study about the maximum value of 

EtCO2 to predict ROSC during CPR in OHCA of traumatic, 

cardiac and respiratory etiology. 

The data for the study were extracted from “The French 

National OHCA Registry” (RéAC), between July 2011 and 

June 2018. OHCA attended by Mobile Intensive Care Units 

(MICU) were included. Patients under 18 years old, with 

ROSC before the arrival of the emergency services or who 

did not meet the aforementioned etiologies were excluded. 

During resuscitation, the cause of the CA was assessed in 

situ by the physician. Capnography was continuously 

monitored by bag-valve-mask or through the endotracheal 

tube. The total number of patients evaluated was 32,249. 

Among them, 2,981 (9.2%) suffered from a traumatic 

OHCA, 12,164 (37.7%) from cardiac cause and 5,298 

(16.4%) from respiratory cause. The percentage of ROSC 

and survival after 30 days was lower in the first group 

(p<0.001). The worst prognosis occurred with peak EtCO2 

values during CPR of <10 mmHg. 

The results regarding the mean maximum value of EtCO2 

during the resuscitation of the subjects were 21.3 mmHg 

[95% CI (20.6–21.9)] in the OHCA of traumatic etiology, 

28.0 mmHg [95% CI (27.7–28.3)] in suspected of cardiac 

etiology and 31.2 mmHg [95% CI (30.6–31.7)] in 

respiratory etiology. In the case of patients who achieved 

ROSC, the maximum EtCO2 values were higher; 39.4 

mmHg [95% CI (38.1–40.7)], 38.4 mmHg [95% CI (37.8–

38.9)] and 44.6 mmHg [95% CI (43.7–45.5)], respectively. 

On the other hand, the authors analyzed the predictive 

value of the maximum EtCO2 value, using a ROC curve, 

obtaining the following AUC values for traumatic, cardiac 

and respiratory causes: 0.887 [95% CI (0.875–0.898)], 

0.772 [95% CI 0.765– 0.780)], and 0.802 [95% CI (0.791–

0.812)] respectively. The optimal EtCO2 thresholds to 

predict ROSC using the Youden index were also detailed, 

being 19 mmHg, 24 mmHg, and 28 mmHg, respectively. 

The researchers concluded the study by stating that the 

EtCO2 peaks were higher in the subjects who achieved 

ROSC, regardless of the etiology of the OHCA. Likewise, 

this measure had a strong diagnosis value of ROSC, 

especially in traumatic causes. They also suggested that, 

given the results obtained, a single high EtCO2 value, 

regardless of time, could help predict ROSC, but more 

studies are needed to corroborate this. 

 

DISCUSSION 

In this study we wanted to update and compare the 

information available about the prognosis value of 

capnography during CPR. 

Nowadays, only a few studies have discussed the impact of 

EtCO2 values during CPR to predict neurological status of 

the patient after 30 days. Some research has shown that 

hypocapnia is detrimental to long-term survival and 

prognosis; however, there is ambiguity regarding the 

outcomes of hypercapnia in the patient. In a meta-analysis 

carried out in 2016, they found that both hypocapnia 

(PaCO2 <35 mmHg) and hypercapnia (PaCO2 >45 mmHg) 

are associated with a poor prognosis, with normocapnia as 

the one that offers the best neurological results(16). The 

study by Javaudin et al.(10) also supports these results and 
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also evaluated for the first time the optimal EtCO2 values 

for a better (30-40 mmHg) or worse (<20 mmHg) 

prognosis. They also observed that the need for inotropic 

support during resuscitation was an independent predictor 

of a poor neurological outcome. Likewise, to increase the 

diagnostic value of EtCO2 during CPR, they recommended 

its combination with other parameters such as SBP and 

SpO2. 

During these years, research has focused mainly on 

analyzing static EtCO2 values to predict ROSC during CPR, 

which has led many authors to raise the need for additional 

studies evaluating dynamic trends, to better understand the 

role of capnography in these situations(17). In the work of 

Engel et al.(11) the trends of EtCO2 during resuscitation 

were studied using different indicators (average value last 5, 

2 and 1 minute of CPR and the difference from the first to 

the last value), obtaining a greater ROSC prediction ability 

when these trends were positive and offered high EtCO2 

values. Static measurements were also made: initial and 

maximum values, which were weaker predictors of ROSC. 

Furthermore, in the event that there were discrepancies in 

whether or not to continue with resuscitation, CerOx could 

be used to facilitate decision-making, since in this study it 

provided an excellent predictive value. 

Consecutively, in the studies by Poppe et al. (12) and 

Javaudin et al.(15), static EtCO2 values were also analyzed: 

initial and maximum, respectively. In the first study, 

baseline values >45 mmHg were found to be associated 

with higher odds of ROSC when the underlying primary 

rhythm was asystole or pulseless electrical activity (PEA). 

However, in another previous review(17), initial EtCO2 

values <10 mmHg were also associated with ROSC, 

especially in patients with a shockable initial rhythm. This 

leads us to consider that an initial shockable rhythm 

(PVT/VF) is associated with a better outcome in 

resuscitation, regardless of the initial EtCO2 values. 

Another factor that also influences the EtCO2 values and 

which has not been kept in mind in most of the studies 

included in this review because it is not available in the 

databases, is the etiology of CA. Some studies have 

analyzed the value of EtCO2 in patients who have suffered 

a OHCA of cardiac or respiratory causes but, to our 

knowledge, no previous study has evaluated this parameter 

in arrests of traumatic etiology, despite representing 8% of 

OHCA and having a less favorable prognosis compared to 

other etiologies(18). Javaudin et al.(15) carried out a study 

where they measured the maximum EtCO2 values during 

the resuscitation of patients with OHCA of traumatic, 

cardiac and respiratory causes, finding that the maximum 

EtCO2 values were higher in the subjects who achieved 

ROSC, independently of the etiology of OHCA. However, 

the maximum EtCO2 values were higher in CA caused by 

respiratory causes, however, the predictive capacity of the 

capnography was greater when the cause was traumatic. 

However, the limitations found in these studies must be 

considered. Most are retrospective, so a selection bias may 

have occurred due to an incomplete data record. Another 

weakness found is the lack of information about the 

ventilatory frequency during CPR. In some studies, 

reference is made to carrying out resuscitation following 

the 2015 AHA recommendations and in others it is 

assumed that recommendation of 10 ventilations per 

minute have been followed, despite not being reflected in 

the database. This data is very important and must be 

reported, since hypo or hyperventilation can give false 

EtCO2 measurements (falsely lower in hyperventilation and 

falsely high in hypoventilation)(17). The lack of a 
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normalized ventilation rate can be a potential confounder in 

these studies as well as the tidal volumen (TV) given. 

In the investigations carried out by Çalbay et al.(14) and 

Elola et al.(13), they studied different parameters that 

could be used, like EtCO2, as prognosis markers. In the 

first study, they found that the arterial gases PO2 and PCO2, 

obtained within 3-5 minutes after their extraction, and the 

AaGCO2, calculated from the same arterial blood gas and 

from the capnography values, offered a good predictive 

value of ROSC. Despite the fact that capnography did not 

provide a statistical significant prognosis value when it is 

measured independently, the authors recommended its use, 

since it is an easy tool to implement that does not require 

experience or special knowledge for its application, besides 

being non-invasive and low cost tool. They identify it as 

the most appropriate method for continuous monitoring of 

the patient's clinical status during resuscitation. 

In the second work carried out by Elola et al.(13), it was 

analyzed the predictive value that EtCO2 offers when it is 

added to pulse detection methods such as ECG and TI. 

That is the reason why, a classifier was developed based on 

the processing of the ECG signal, to automatically record 

the heart rhythms during CPR and thus be able to 

retrospectively evaluate the effect of the technique or 

treatment performed on the patient. In this case, the 

classifier detected two types of rhythms: PEA and PR. In 

addition, this instrument allows analysis of resuscitation 

episodes with recordings of only 3.2 seconds, which allows 

minimal interruption of chest compressions. The results of 

this study indicated that the use of capnography, together 

with the ECG and TI, offer greater ROSC prognosis 

discrimination between rhythms with and without a pulse 

than if they are used independently. 

A notable factor in this latest investigation is the absence of 

data on the method used to isolate the airway. In other 

studies, despite having such information, patients were 

included regardless of the instrument used, finding a 

greater use of supraglottic devices(12). Nowadays, clinical 

studies have not reported significant differences in EtCO2 

measurements offered by the endotracheal tube or 

laryngeal mask. A prospective study by Kannan et al.(19) 

found that demographic data such as sex, age and weight, 

as well as PO2 and EtCO2 values were comparable between 

both devices. This data is important to highlight regarding 

the possibility to recruit a greater number of participants in 

future studies and, on the other hand, to be considered by 

resuscitators. 

Finally, it should be added that, as we have been able to 

verify both in these articles and in other reviews and 

meta-analysis carried out, many factors affect both the 

result of CPR and the values of capnography. Among them, 

we can highlight the etiology of the arrest and 

comorbidities of the patients, initiation of CPR by 

witnesses, quality of CPR, ventilation rate, EtCO2 

measurement at different times of resuscitation, use of 

bicarbonate and epinephrine during CPR (EtCO2 values 

falsely elevated or falsely lower, respectively)(17,20). All 

this means that there is no clear consensus around the 

optimal cut-off point for EtCO2 to predict ROSC. 

Currently, according to the recommendations of the AHA 

and the ERC of 2015, the mean EtCO2 threshold to predict 

ROSC is between 10-20 mmHg, but the latest studies 

suggest that this threshold is higher nowadays. In fact, in 

this review, the average value calculated from the mean 

EtCO2 values resulting from the different studies, which 

offered better results in ROSC, was approximately 28 

mmHg. However, the guidelines are not yet clear, so more 



Capnography In Cardiopulmonary Resuscitation 

J Med Discov│www.e-discoverypublication.com/jmd/ 11 

prospective studies would be necessary, keeping in mind 

potential confounders, to reach stronger conclusions. 

In conclusión, the capnography values can be used in an 

acceptable way to predict ROSC during cardiopulmonary 

resuscitation; furthermore, its combination with other 

parameters such as CerOx, SBP, ECG or SpO2 facilitates 

decision-making and increases predictive capacity.  

There is no consensus when determining the EtCO2 values 

associated with a higher or lower probability of ROSC; this 

is due to the use of different variable parameters (initial, 

maximum, mean value) and to confounding factors that 

increase the heterogeneity of the results.  

In general, we can state that: A) Positive trends and high 

EtCO2 values increase the probability of ROSC and 

survival at discharge. In this review, the calculated average 

value that obtained best outcomes in ROSC was 

approximately 28 mmHg, a higher threshold than the one 

established by AHA and ERC. B) EtCO2 values <20 mmHg 

have been associated with a lower probability of ROSC 

and a worse prognosis. C) The factors that influence EtCO2 

values are: the etiology of the arrest and comorbidities of 

the patients, initiation of CPR by witnesses, quality of CPR, 

initial shockable or non-shockable rhythm, ventilation rate, 

use of bicarbonate or epinephrine during CPR. 
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