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Abstract

Aim: To evaluate whether end-tidal carbon dioxide (ETCO2) value at intubation and its early increase (10 min) after intubation predict both the sur-
vival to hospital admission and the survival at hospital discharge, including good neurological outcome (CPC 1-2), in patients with out-of-hospital
cardiac arrest (OHCA).

Methods: All consecutive OHCA patients of any etiology between 2015 and 2018 in Pavia Province (ltaly) and Ticino Region (Switzerland) were
considered. Patients died before ambulance arrival, with a “do-not-resuscitate” order, without ETCO2 value or with incomplete data were excluded.
Results: The study population consisted of 668 patients. An ETCO2 value at intubation > 20 mmHg and its increase 10 min after intubation were
independent predictors (after correction for known predictors of OHCA outcome) of survival to hospital admission and survival at hospital discharge.
Relative to hospital discharge with good neurological outcome, ETCO2 at intubation and its 10-min change were confirmed predictors both individ-
ually and in a bivariable analysis (OR 1.83, 95 %Cl 1.02-3.3; p = 0.04 and OR 3.9, 95 %ClI 1.97-7.74; p < 0.001, respectively). This was confirmed
also when accounting for gender, age, etiology and location. After further adjustment for bystander and CPR status, presenting rhythm and EMS
arrival time, the ETCO2 change remained an independent predictor.

Conclusions: ETCO2 value > 20 mmHg at intubation and its increase during resuscitation improve the prediction of survival at hospital discharge
with good neurological outcome of OHCA patients. ETCO2 increase during resuscitation is a more powerful predictor than ETCO2 at intubation. A
larger prospective study to confirm this finding appears warranted.
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take into account the different factors have been proposed in the last
years on this topic.*”’

End-tidal carbon dioxide (ETCO2) represents the level of carbon
dioxide released at the end of an exhaled breath.® ETCO2 monitor-
ing provides valuable information about CO2 production and clear-
ance by ventilation.® It is a commonly used parameter during
ous independent variables."™ Few outcome scoring systems which resuscitation to monitor the quality of CPR, as high level of ETCO2

Background

The prediction of return to spontaneous circulation (ROSC), survival
at hospital admission and survival at discharge is one of the major
challenges regarding resuscitation science as it is affected by numer-
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have been related to good quality of CPR.%~"" Furthermore, value of
ETCO2 close to physiological ranges achieved during resuscitation
increases the probability of defibrillation success,''® the achieve-
ment of return-to-spontaneous circulation (ROSC)'® and the survival
to hospital admission."” It is currently unknown is whether ETCO2 is
a predictor of survival at hospital discharge and of good neurological
outcome.

Dynamic changes of ETCO2 during resuscitation have been
reported. An increase in ETCO2 after intubation has been associated
with a greater likelihood of ROSC,'®'® but it is still not studied
whether an increase in ETCO2 is also associated with higher proba-
bility of survival to hospital admission, and later on, with discharge
from the hospital with good neurological outcome.

We aimed to study the prognostic value of ETCO2 recorded at
intubation and its increase in patients with OHCA of any etiology
for prediction of survival at hospital discharge with good neurological
outcome.

Materials and methods

Study design and setting
This study is a retrospective analysis of all prospectively collected
data from OHCAs occurred between 2015 and 2018 in Pavia Pro-
vince, northern Italy, and in the Ticino Region, southern Switzerland.
Pre-hospital data as well as survival data were obtained from
Lombardia Cardiac Arrest Registry (LombardiaCARe) for Pavia Pro-
vince and from Ticino Registry of Cardiac Arrest (TiReCa) for Ticino
Region. Both the registries follow the Utstein recommendations to
collect the OHCA’s data®® 2" and were approved by the local ethical
committee. As indicated in previous publications, the 2 EMS systems
are geographically closely located, have similar protocols and pro-
cesses, serve populations and manage OHCA’s having similar
demographic characteristics.®"*>72° The EMS personnel is periodi-
cally trained in high-quality CPR and, when ETCO?2 is available, is
instructed to verify that CPR is performed accordingly to high-
quality criteria if ETCO2 are low.?? Details regarding the two EMS
systems are presented in Supplementary File 1.

Participants and ETCO2 measurement

All consecutive patients who suffered an OHCA of any etiology
between 1st of January 2015 and 31st of December 2018 in the
two regions were considered for inclusion in the study. Patients dead
on EMS arrival without resuscitative efforts by EMS personnel, with a
“do not resuscitate” order, without any ETCO2 value available or with
incomplete OHCA data were excluded from further analysis. The
patients with ETCO2 value available at intubation, but without an
ETCO2 available 10 min after intubation or a ROSC within 10 min
after intubation were excluded for the statistical analysis which con-
sidered the “Delta ETCO2”.

We considered the ETCO2 value at intubation and the ETCO2
value 10 min after intubation if the patient is still in cardiac arrest.
The decision to evaluate ETCO2 10 min after intubation was taken
considering that its measurement later in the resuscitation (e.g.
20 min) would have led to the exclusion of all the patients who
achieved ROSC between 10 and 20 min. Both ETCO2 evaluation
10-min and 20-min after intubation were previously used, however
the 20-min time value was mainly considered with the goal of identi-
fying the patients with poorer outcome (i.e. patients without an
increase in ETCO2),°2° whilst our aim was to identify survivors.

In case of ETCO2 values with an ETCO2 curve deemed unreliable
or with a measurement very different (either positively or negatively)
from the mean of those immediately preceding and following, we
considered the more reliable value in the timespan + 30 s. If no val-
ues were available, we considered this a “missing value”.

Then, we calculated the “Delta ETCOZ2” value by subtracting the
ETCO2 value recorded 10 min after intubation from the ETCO2
value at intubation. The minimum Delta ETCO2 considered was of
1 mmHg.

Further details regarding ETCO2 measurement, as well as defini-
tions, are presented in Supplementary File 1.

Predictors for survival to hospital admission

Age, aetiology, OHCA location site, witnessed OHCA, bystander
CPR, time of EMS arrival and presenting rhythm were considered
as predictors for the identification for survival to hospital admission
according to recent literature.>” 212728

Statistical analysis

Each and every analysis was performed by using Stata 16.1 (Stata-
Corp, College Station, TX, USA). Variables are given as mean and
standard deviation (SD), or the median and 25th—75th percentiles
if continuous, and with counts and percent if categorical. ETCO2
and Delta ETCO2 were dichotomized using the optimal cut-off value
calculated according to the concordance probability method pro-
posed by Liu,?® which defines the optimal cut-point as the point max-
imizing the product of sensitivity and specificity. A testing/validation
design was used to confirm the suitability of the identified cut-offs.
In order to elicit the incremental and independent predictive value
of ETCO2 and Delta ETCO2 after 10 min, in addition of known pre-
dictors of hospital survival, we fitted three nested logistic models: the
first included a series of confirmed correlates of survival at hospital
admission, the second added ETCO2 at intubation, dichotomized
at < />20 mmHg and the third added Delta ETCO2 after 10 min,
dichotomized at < />1 mmHg. We chose to dichotomize these val-
ues, as was previously done in the majority of the literature about this
topic,*° to provide a practical message for the reader.

Odds ratios (OR) and their 95 % confidence intervals (95 %Cl)
were computed. The model area under the ROC curve (AUC
ROC) was computed for discrimination. A 10-fold cross validation
to obtain optimism corrected AUC-ROC was used (internal valida-
tion). Similarly, we fitted logistic regression models considering
ETCO2 at intubation and/or Delta ETCO2 after 10 min as indepen-
dent variables, while adjusting in turn for the same correlates as
above for survival at hospital discharge and survival at hospital dis-
charge with good neurological outcome. In these cases, we did not
fit multivariable models due to the low number of survivors. We com-
puted Huber-White clustered robust standard errors to allow for intra-
centre correlation. A p-value less than 0.05 was considered statisti-
cally significant.

Results

3186 patients suffered from an OHCA during the study period and
were included in the registries. Of these, 1109 were declared dead
before ambulance arrival or had a “do not resuscitate” order, 1346
were not intubated, precluding the analysis of ETCO2, and 63 had
incomplete dataset or no survival/neurologic status available; all
these patients were excluded, leaving 668 patients (380 in Canton
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Ticino and 308 in Pavia Province) for subsequent analysis. The char-
acteristics of the whole population is presented in Table 1 as well as
the population divided in two groups according to the survival at hos-
pital discharge with good neurological outcome or not. The charac-
teristics of the population according to the survival at hospital
discharge are presented in Supplementary Table 1. Assessment of
ETCO2 10 min after intubation was available in 462 patients
(67 %). The flow-chart of the study population is presented in Fig. 1.

Survival to hospital admission

The score model including the known predictors of survival to hospi-
tal admission (“base model”) confirmed that age, OHCA etiology,
bystander and CPR status (presence or not of bystander CPR), pre-
senting rhythm and EMS arrival time were significant predictors of
this endpoint and showed a good discrimination after a 10-fold cross
validation (AUC 0.69, 95 %Cl 0.65-0.74; Table 2 - left).

The ETCO2 value at intubation used as a dichotomized variable
as specified in the methods section is an independent predictor of
survival to hospital admission if higher than 20 mmHg (OR 2.66,
95 %Cl 2.19-3.23, p < 0.001). Moreover, when added to the base
model, it allows a better performance of the model with a better

discrimination after a 10-fold cross-validation (AUC 0.73, 95 %ClI
0.68-0.77; Table 2 — center).

An increase of ETCO2 of at least 1 mmHg measured 10 min after
intubation was a strong independent predictor of survival to hospital
admission. When added to the previous model (base
model + ETCO2 at intubation), a good discrimination is maintained
after a 10-fold cross-validation (AUC 0.71, 95 %CI 0.65-0.77; Table 2
- right). The three models are shown in Fig. 2.

Survival at hospital discharge

ETCO2 at intubation higher than 20 mmHg and an increase of
ETCO2 of at least 1 mmHg 10 min after intubation were predic-
tors of survival to hospital discharge both individually (OR 2.03,
95 %Cl 1.75-2.36; p < 0.001 and OR 1.72, 95 %Cl 1.19-2.49;
p < 0.001, respectively) and when evaluated together in a bivari-
able analysis (OR 2.75, 95 %Cl 2.01-3.76; p < 0.001 and OR
1.97, 95 %CIl 1.25-3.1; p < 0.001, respectively) (Table 3). More-
over, they remained independent predictors of survival at hospital
discharge even when adjusted for gender, age, etiology, location,
bystander and CPR status, presenting rhythm and EMS arrival
time.

Table 1 - Characteristics of the population.

All the Survived at hospital Dead or discharged
population discharge with good with poor neurological
neurological outcome outcome
Variable n = 688 n =39 n = 649
Gender, n (%)
Male 484 (70.4) 32 (82.1) 452 (69.7)
Female 203 (29.5) 7 (17.9) 196 (30.2)
Unknown 1(0.1) 0 (0) 1(0.1)
Age, median (IQR) 71 (59-80) 58 (49-68) 72 (60-80)
Aetiology, n (%)
Cardiac or presumed cardiac 546 (79.4) 32 (82.1) 514 (79.3)
Respiratory 48 (7) 3(7.7) 45 (6.9)
Other 73 (10.6) 2 (5.1) 71 (10.9)
Unknown 21 (3) 2 (5.1) 19 (2.9)
Bystander and CPR status, n (%)
No witnessed, no CPR 63 (9.2) 0 (0) 63 (9.7)
No witnessed, yes CPR 123 (17.9) 6 (15.4) 117 (18)
Witnessed, no CPR 132 (19.2) 5(12.8) 127 (19.6)
Witnessed, yes CPR 279 (40.6) 24 (61.5) 255 (39.3)
EMS witnessed 91 (13.2) 4 (10.3) 87 (13.4)
Location, n (%) i
Home 471 (68.5) 19 (48.7) 452 (69.7)
Public 195 (28.3) 17 (43.6) 178 (27.4)
Unknown 22 (3.2) 3(7.7) 19 (2.9)
Rhythm, n (%)
Not Shockable 512 (74.4) 12 (30.8) 500 (77)
Shockable 170 (24.7) 24 (61.5) 146 (22.5)
Unknown 6 (0.9) 3(7.7) 3 (0.5)
Time to EMS arrival, mins median (IQR) 10.2 (7.7-13.5) 9.2 (7-10.7) 10.3 (7.8-13.6)
EtCO2 at intubation, mmHg median (IQR) 22 (12-33) 32 (18-40) 21 (12-33)
Delta EtCO2 after 10 min, mmHg median (IQR) 0.7 (-5-6) 4.5 (1-7) 0(-5-16)
Any ROSC, n (%) 260 (37.8)
Survival to hospital admission, n (%) 190 (27.6)
Survival at hospital discharge, n (%) 56 (8.1)
Survival at hospital discharge with good 39 (5.7)

neurological outcome, n (%)

+ Other etiology includes: trauma (n = 32), drowning (n = 4) and other non cardiac (n = 37).
1 Public location includes: nursing home (n = 35), work place (n = 13), street (n = 85), public building (n = 40), sport (n = 22).
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3186 OHCA patients
during the study period

1109 dead before EMS
arrival or DNAR

1346 were not intubated

v

63 incomplete data or no
survival/neurologic status

\ 4

668 OHCA patients with
ETCO?2 at intubation

206 OHCA patients
without ETCO2 at 10-min
after intubation

v

A 4

462 OHCA patients with
ETCO?2 at intubation and
Delta ETCO2 at 10-min

Fig. 1 - Flow-chart of the study population.

Survival at hospital discharge with good neurological
outcome

ETCO2 at intubation higher than 20 mmHg and an increase of
ETCO2 of at least 1 mmHg 10 min after intubation were confirmed
predictors both individually (OR 1.89, 95 %CIl 1.1-3.23; p = 0.02
and OR 3.59, 95 %Cl 1.63-7.92; p < 0.01, respectively) and when
evaluated together in a bivariable analysis (OR 1.83, 95 %CI 1.02—
3.3; p=0.04 and OR 3.9, 95 %Cl 1.97-7.74; p < 0.001, respectively)
(Table 4). When adjusted, in a trivariable analysis, for gender, age,
etiology and OHCA location, they were both confirmed to be inde-
pendent predictors of survival at hospital discharge with good neuro-
logical outcome. On the other hand, when corrected, in a trivariable
analysis, for bystander and CPR status, presenting rhythm and EMS
arrival time, only Delta ETCO2 10 min after intubation was confirmed
to be an independent predictor (Table 4).

Discussion

The main finding of our study is that the measurement of ETCO2 at
intubation and its dynamic trend 10 min after intubation helps in prog-
nostication about the survival at hospital discharge with a good neu-
rological outcome in OHCA patients of any etiology. The single
assessment at ETCO2 intubation and the ETCO2 increase during
resuscitation have so far been shown to be correlated with survival
to hospital admission'” and ROSC respectively.'®'® Our results

confirm the previous evidence and expand the current knowledge
highlighting their role in predicting longer-term outcome (i.e. survival
at hospital discharge and survival at hospital discharge with good
neurological outcome). In particular, the increase of ETCO2 mea-
sured 10 min after intubation was an independent predictor of sur-
vival at hospital discharge with good neurological outcome even
after correction for the known predictors for survival, and a stronger
predictor than the single ETCO2 assessment at intubation.

The prediction of survival to hospital admission, to hospital dis-
charge including good neurological outcome is one of the greatest
challenges in the resuscitation science.”*'~3* Recently, it has been
shown that ETCO2 well predict ROSC and survival to hospital admis-
sion after OHCA."®"'? In line with past findings,*° our results confirm
that a value of ETCO2 greater than 20 mmHg is associated with
higher survival to hospital admission. Our data expand previous
knowledge showing, for the first time, that ETCO2 is associated with
survival at hospital discharge with good neurological outcome. This
association remained even after correction for known predictors of
outcome after OHCA. The pathophysiological link between high level
of ETCO2 and good outcome is given by the fact that the level of car-
bon dioxide is released at the end of an exhaled breath®'”; therefore,
the better is the quality of CPR, the higher is the pulmonary blood
flow and the higher is the amount of exhaled C0O2.%

Regarding the cut-off of ETCO2 we used (20 mmHg), it was cho-
sen after the optimal cut-off calculation according to our population.
However, the same value has already been considered a better cut-
off value compared with 10 mmHg for ROSC prediction in previous
literature.>° Therefore, it is reasonable to suppose that patients
who show an ETCO2 value higher than 20 mmHg at intubation have
a better outcome because they have been in cardiac arrest for a
shorter time, or have benefited of better CPR before EMS arrival
or finally, have an OHCA etiology generally associated with a better
outcome. Indeed, the respiratory etiology is by far the most reversi-
ble cause of OHCA, and the etiology associated with highest ETCO2
values at intubation.®® However, the evidence that ETCO2 at intuba-
tion is a predictor of survival to hospital admission, at hospital dis-
charge and at hospital discharge with good neurological outcome
even after correction for witness and CPR status and OHCA etiology,
remarks the utility to consider this value in addition to all the known
predictors of OHCA outcome during resuscitation.

We believe that even more interesting are our results when con-
sidering the Delta ETCO2 10 min after intubation. Considering that
cut-off used in our study was 1 mmHg, we can consider that an
increase of ETCO2 10 min after intubation is a predictor of survival
to hospital admission, at hospital discharge and at hospital discharge
with good neurological outcome compared to a stable or negative
ETCO2 dynamic trend after 10 min. The possibility of use the ETCO2
some minutes after intubation was mainly used to determine prog-
nostication in the sense to help clinicians to decide how to stop
resuscitation efforts. Observational studies indeed highlighted that
the failure to achieve an ETCO2 value higher than 10 mmHg during
CPR is associated with a poor outcome.?>*° However, as suggested
by the recent ERC guidelines, considering that single ETCO2 values
may be influenced by many confounders, the evaluation of ETCO2
trend might be more appropriate than point values.?* Previous stud-
ies suggested that ETCO2 tends to decrease during CPR in patients
in whom resuscitation is unsuccessful and tends to increase in those
who go on to achieve ROSC. Eckstein et al. in 2011 suggested that
the absence of a fall in ETCO2 > 25 % from baseline was associated
with achieving ROSC in OHCA patients,*® whilst Brinkrolf et al. in
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Table 2 - Multivariable models for prediction of survival to hospital admission.

Base model Base model + EtCO2 Base model + EtCO2 + DeltaEtCO2
HR (95 %CIl) P HR (95 %CI) P HR (95 %CI) p

Sex

Female 1.0 1.0 1.0

Male 0.76 (0.4 to 1.46) 0.41 0.79 (0.41 to 1.51) 0.48 0.69 (0.59 to 0.8) <0.001
Age

<80 1.0 1.0 1.0

>80 0.42 (0.4 to 0.43) <0.001 0.4 (0.39 to 0.41) <0.001 0.43 (0.15 to 1.29) 0.133
Etiology <0.001 <0.001 0.85

Cardiac 1.0 1.0 1.0

Respiratory 5.58 (3.93 to 7.93) <0.001 4.62 (3.44 to 6.21) <0.001 3.39 (2.78 to 4.13) <0.001

Other non cardiac 1.12 (0.81 to 1.54) 0.49 1.23 (0.93 to 1.64) 0.14 1.37 (0.05 to 37.71) 0.853
Location

Home 1.0 1.0 1.0

Public 0.97 (0.79 to 1.19) 0.78 0.99 (0.71 to 1.38) 0.95 0.84 (0.24 to 2.95) 0.785
Bystander and CPR status <0.001 <0.001 <0.001

No witnessed, no CPR 1.0 1.0 1.0

No witnessed, yes CPR 0.92 (0.87 to 0.97) <0.01 0.85 (0.79 to 0.92) <0.001 0.82 (0.81 to 0.82) <0.001

Witnessed, no CPR 1.73 (1.6 to 1.88) <0.001 1.75 (1.73 to 1.76) <0.001 1.54 (1.45 to 1.64) <0.001

Witnessed, yes CPR 2.09 (1.6 to 2.73) <0.001 2.04 (1.48 t0 2.81) <0.001 2.71 (2.06 to 3.57) <0.001

EMS witnessed 2.57 (1.84 to 3.58) <0.001 3.29 (2.6 to 4.15) <0.001 5.49 (3.6 to 8.37) <0.001
Rhythm

Not Shockable 1.0 1.0 1.0

Shockable 3.33 (1.56 to 7.13) <0.01 3.03 (1.41 to 6.53) <0.01 2.99 (1.49 to 5.99) <0.01
EMS arrival time <0.01 <0.01 0.73

< 10 min 1.0 1.0 1.0

11-15 min 0.59 (0.52 to 0.67) <0.001 0.56 (0.49 to 0.65) <0.001 0.67 (0.5 to 0.89) <0.01

> 15 min 0.64 (0.47 t0 0.88) <0.01 2.66 (2.19 to 3.23) <0.01 0.85 (0.35 to 2.09) 0.73
EtCO2 at 0 min

< 20 mmHg 1.0 1.0

> 20 mmHg 2.66 (2.19 to 3.23) <0.001 2.56 (1.41 to 4.65) <0.01
Delta EtCO2 at 10 min

< 1 mmHg 1.0

> 1 mmHg 1.97 (1.79 to 2.17) <0.001
Number of observation 632 632 435

AUC ROC (95 %CI)
10-fold cross validation
AUC ROC (95 %ClI)

0.73 (0.68 to 0.77)
0.69 (0.65 to 0.74)

0.76 (0.72 to 0.8)
0.73 (0.68 to 0.77)

0.77 (0.72 to 0.82)
0.71 (0.65 to 0.77)

2018 highlighted that patients with a positive ETCO2 dynamic trend
during resuscitation are those with better chance of ROSC.%” Simi-
larly, also Crickmer et al. have recently outlined a positive linear rela-
tionship between the increase in ETCO2 values during resuscitation
and ROSC. These results are confirmed in our study where a posi-
tive trend in ETCO2 values is associated with survival at hospital
admission in OHCA patients, allowing to increase the model perfor-
mance also including known predictors of OHCA outcome and
ETCO2 values at intubation.

However, none of the previous studies have explored the associ-
ation between the dynamic trend of ETCO2 and a longer-term out-
come. Our study, for the first time, highlights how a positive
dynamic trend of ETCO2 values during resuscitation is an indepen-
dent predictor of survival at hospital discharge and survival at hospi-
tal discharge with good neurological outcome. Moreover, looking at
survival at discharge with good neurological outcome, only Delta
ETCO2 10 min after intubation remained an independent predictor
when correcting Delta ETCO2 and ETCO2 values at intubation
together for bystander and CPR status, presenting rhythm and
EMS arrival time. This evidence reinforces the importance to evalu-

ate also the dynamic trend in ETCO2 during resuscitation rather than
point values as the positive trend seems to be more informative and
promising in predicting also the good neurological outcome.

Limitations

Our study has some limitations that may affect our interpretation of
results. The first limitation is that the categorization of the etiology
is not based on Utstein 2015, but on Utstein 2004. This is because
our period analysis starts at 1st January 2015, when Utstein 2015
was not already published, so not all our etiology data were catego-
rized with the new Utstein-style. Therefore, we decided to maintain
Utstein 2004 categorization of this variable, as a re-categorization
could have introduced errors. Another possible limitation is that we
decided to consider the ETCO2 value 10 min after intubation to eval-
uate the trend in ETCO2 values suggested by the European Resus-
citation Council (ERC) guidelines. However, the use of different time
for measurement could lead to slightly different results and more fre-
quent or prolonged evaluation of the ETCO2 could have allowed to

10.1016/j.resuscitation.2022.09.015
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Fig. 2 - Graphical representation of the three multivariable models for prediction of survival to hospital admission.

Table 3 - Predictors of survival at hospital discharge.

OR (95 %CI) p

EtCO2 at intubation

< 20 mmHg 1.00

> 20 mmHg 2.03 (1.75-2.36) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.00

> 1 mmHg 1.72 (1.19-2.49) <0.01
EtCO2 at intubation

< 20 mmHg 1.00

> 20 mmHg 2.75 (2.01-3.76) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.00

> 1 mmHg 1.97 (1.25-3.1) <0.01
Gender

Female 1.0

Male 0.91 (0.11-7.21) 0.93
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.76 (2.02-3.7) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 1.96 (1.27-3.04) <0.01
Age

< 80 years 1.0

> 80 years 0.19 (0.08-0.47) <0.001
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.76 (2.13-3.57) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 1.89 (1.31-2.72) <0.01
Etiology 0.96

Cardiac or presumed cardiac 1.0

Respiratory 0.88 (0.01-83.43) 0.96

Other 0.81 (0.63-1.04) 0.10
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Table 3 (continued)

OR (95 %CI) p

EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.76 (1.57-4.84) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 1.99 (1.02-3.9) 0.045
Location

Public 1.0

Home 3.34 (2.53-4.4) <0.001
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.89 (2.68-3.11) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 2.06 (1.33-3.18) <0.001
Bystander and CPR status 0.27

No witnessed, no CPR 1.0

No witnessed, yes CPR 0.64 (0.27-1.53) 0.32

Witnessed, no CPR 0.27 (0.03-2.79) 0.27

Witnessed, yes CPR 1.68 (1.46-1.94) <0.001

EMS witnessed 1.0
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.85 (1.98-4.11) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 2.07 (1.28-3.35) <0.01
First rhythm

Shockable 1.0

Not shockable 12.43 (6.33-24.39) <0.001
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.89 (1.64-2.17) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 1.69 (1.47-1.94) <0.001
EMS arrival time 0.48

< 10 min 1.0

11-15 min 0.56 (0.54-0.59) <0.001

> 15 min 0.3 (0.01-8.80) 0.48
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.81 (1.94-4.07) <0.001
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 2.16 (1.33-3.49) <0.01

refine them. Moreover, we decided to use the ETCO2 value at intu-
bation and the Delta ETCO2 values 10 min after intubation as dichot-
omized values. We decided to use these values as dichotomized
rather than continuous, as this allows a better clinical interpretation
of our results. However, considering that both the cut-off value of
20 mmHg for ETCO2 and that the positive rather than stable/nega-
tive dynamic trend were already used in literature, we believe this
not represents a real limitation of our results. An important limitation
may be represented by the fact that many patients were excluded
from our study as no ETCO2 values were available, they were 1)
the patients who obtain ROSC before the arrival of ALS-staffed vehi-
cles and were not intubated; 2) the patients initially resuscitated by
BLS-staffed vehicles, but who were declared dead at ALS-staffed
vehicles arrival; 3) the patients who were resuscitated from the

beginning by ALS-staffed vehicle but who obtained ROSC before
intubation; 4) the patients the EMS personnel may have chosen
not to intubate the patient but to perform only BLS (e.g. old patients
with many comorbidities). This limits the generalization of our results
to all the OHCA patients but poses no limitation in using our results in
those patients intubated during resuscitation, which represents the
population in whom prognostication is more challenging. Moreover,
considering the evaluation of Delta ETCO2 values, we excluded
those patients who acquired ROSC within 10 min after intubation
for the analysis which included “Delta ETCOZ2” parameter, therefore
our Delta ETCO2 results are not affected by the inclusion of patients
who already acquired ROSC. Regarding the dataset used for this
study, we considered the years from 2015 to 2018. Unfortunately,
we were not able to add also 2019 to 2021 data as, despite the

10.1016/j.resuscitation.2022.09.015
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Table 4 - Predictors of survival at hospital discharge with good neurological outcome (CPC 1 or 2).

OR (95 %CI) p

EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.89 (1.1-3.23) 0.02
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 3.59 (1.63-7.92) <0.01
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.83 (1.02-3.3) 0.04
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 3.9 (1.97-7.74) <0.001
Gender

Female 1.0

Male 1.52 (1.06—2.18) 0.023
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.83 (1.01-3.31) 0.045
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 3.86 (1.83-8.17) <0.001
Age

< 80 years 1.0

> 80 years 0.36 (0.31-0.41) <0.001
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.8 (1.01-3.21) 0.045
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 3.81 (1.77-8.18) <0.01
Etiology

Cardiac or presumed cardiac 1.0

Respiratory 1.0

Other 1.2 (0.84-1.71) 0.31
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.0 (1.06-3.79) 0.03
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 4.13 (2.15-7.93) <0.001
Location

Public 1.0

Home 1.9 (1.31-2.76) <0.01
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.87 (1.21-2.87) <0.01
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 3.99 (1.97-8.05) <0.001
Bystander and CPR status

No witnessed, no CPR 1.0

No witnessed, yes CPR 1.71 (0.37-7.96) 0.49

Witnessed, no CPR 1.0

Witnessed, yes CPR 2.33 (0.49-11.14) 0.29

EMS witnessed 1.0
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.88 (0.81—4.38) 0.14
Delta EtCO2 after 10 min

< 1 mmHg 1.0

> 1 mmHg 4.33 (2.35-7.98) <0.001

Please cite this article as: E. Baldi, M. L. Caputo, C. Klersy et al., End-tidal carbon dioxide (ETCO?2) at intubation and its increase after 10 min-
utes resuscitation predicts survival with good neurological outcome in out-of-hospital cardiac arrest patients, Resuscitation, https://doi.org/
10.1016/j.resuscitation.2022.09.015



https://doi.org/10.1016/j.resuscitation.2022.09.015
https://doi.org/10.1016/j.resuscitation.2022.09.015

RESUSCITATIONXXX (XXXX) XXX 9

Table 4 (continued)

OR (95 %CI) p

First rhythm

Shockable 1.0

Not shockable 10.08 (9.67-10.51) <0.001
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 1.16 (0.94-1.43) 0.16
Delta EtCO2 after 10 min

<1 mmHg 1.0

> 1 mmHg 3.14 (1.23-7.98) 0.02
EMS arrival time

< 10 min 1.0

11-15 min 0.28 (0.2-0.39) <0.001

> 15 min 1.0
EtCO2 at intubation

< 20 mmHg 1.0

> 20 mmHg 2.02 (0.99-4.14) 0.055
Delta EtCO2 after 10 min

<1 mmHg 1.0

> 1 mmHg 4.77 (2.48-9.17) <0.001

OHCA data has been submitted to the respective registries, the scar-
city of human resources due to COVID-19 did not allow us to collect
ETCO2 data for the following years. This is due by the fact that
ETCO2 values were collected manually for this study, as specified
in the study methods, and were not part of the baseline variables col-
lected in our registers. Furthermore, considering the variation in the
characteristics of patients with OHCA during the pandemic that was
highlighted in our regions, we believe that the inclusion of the years
2020 and 2021 would have introduced a bias in the results. Finally,
not all our patients were mechanically ventilated, therefore, despite
all the EMS personnel is instructed to ventilate the patients according
to the guidelines (1 ventilation every 5-6 s), a different ventilation
rate during manual ventilation may have influenced the ETCO2 val-
ues. However, this would have eventually affected the patients in a
random manner, reducing the risk of causing an important bias. Still
on the ventilation, we have excluded the first ventilations and we
have also excluded ventilations with a curve deemed unreliable or
with measurements that are very different (either positively or nega-
tively) from the mean of those immediately preceding and following,
this was done to avoid misleading values, but we cannot exclude that
could have introduced a minor bias. Future research could be
addressed to better understand how best to interpret ETCO2 values
immediately following intubation.

Conclusions

ETCO2 value higher than a cut-off value of 20 mmHg at intubation
and its increase 10 min after intubation are associated with a higher
probability of survival with good neurological outcome in OHCA
patients. This pattern may be used during resuscitation efforts in
the identification of patients with the highest probability of favourable
outcome at hospital discharge.
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