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Abstract

Objective: End-tidal CO, (ETCO,) can represent dead space ventilation. We aimed to define the optimum ETCO, to exclude

a pulmonary emboli (PE) event conclusively. Methods: 479 consecutive patients with suspected PEs were enrolled over 3

years in 2012-2014 and 2019. Symptoms, demographic data, Well's score, D-dimer levels and the gold standard computed

tomography pulmonary angiogram (CTPA) results were collected for analysis. ETCO, was measured within 24 hours of

presentation in all 479 patients. Results: Patient age ranged from 18 to 93 years. PE was diagnosed in 25% of cases. The
average ETCO, in patients with a positive CTPA was 24.99 mmHg (range 16- 32 mmHg, SD98.25). The average ETCO, in
patients without a PE was 32.53 mmHg (range 17- 49.5.5 mmHg, SD 3.8). All but 14 patients positive for a PE obtained an
ETCO, of 32.5 mmHg. This point 32.5 had a sensitivity and specificity (98.6 % and 64.6 %, respectively) with a negative

predictive value of 98.8 % and a positive predictive value of 60%. Conclusion: ETCO, may reliably be used to screen and

exclude patients with suspected PEs. If used in combination with D-dimer with clinical probability as a screening tool,

CTPA will be required only in a minority of patients.
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Introduction

Pulmonary Embolism (PE) is a global problem and a leading
cause of cardiovascular death in the western world and a ma-
jor public health problem [1,2]. The diagnosis of PE remains a
challenge because of the high variability in clinical presentation
complex interplay between different organs. Patients can present
with chest pain, dyspnoea, haemoptysis, syncope and hypoxae-
mia [3,4]. Diagnosis of a PE is confirmed in <25% of patients
that are clinically suspicious and the radiological investigations
are essential [5,6]. Despite the low relative incidence of the dis-
ease, there is a significant rise in the number of patients undergo-
ing unnecessary computed tomography pulmonary angiograms

(CTPA) to exclude a PE. Moreover, the CTPA is the most robust
predictive evidence base for adverse clinical outcomes in pa-
tients with acute PE [7,8].

In most centres, patients with a high clinical suspicion of PE
undergo serum D-dimer assessment as a screening test and it
has a value in ruling out PE [9, 10]. Treatment is initiated on
those with a positive D-dimer and continuation of treatment is
determined by the outcome of the CTPA scan [9]. Measurement
of serum D-dimer requires venipuncture and results are not im-
mediate [9]. CTPA scans are associated with high cost and expo-
sure to radiation and nephrotoxic contrasts, a worrying concept
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with their increasing use [7, 8, 11, 12]. It has been proposed that
the Wells score can be used as a safe, quick and straightforward
means of determining clinical suspicion [13, 14]. End-tidal car-
bon dioxide (ETCO,) is a simple bedside test with the ability to
exclude PE in patients who do not have it. While not overlook-
ing true-positive cases, they will avoid; unnecessary venipunc-
tures, exposure to radiation, and contrast medium and user bias.

The Ventilation-perfusion measurement is the most crit-
ical mechanism affecting the efficiency of pulmonary gas ex-
change. Also, the assessment for alveolar dead space ventilation
and ETCO, as surrogates for pulmonary vascular obstruction
has been proposed as a valuable screening tool for excluding
PEs. PEs result in the formation of a lung compartment that is
ventilated but not perfused, resulting in dead space ventilation
[15, 16]. Increased alveolar dead space prevents adequate gas
exchange, yielding a low alveolar CO, content, which can be
measured at end-expiration using a handheld capnograph by the
bedside. Conditions like angina that have a similar clinical pre-
sentation to a PE do not increase alveolar dead space. Patholo-
gies that increase alveolar dead space, such as end-stage chronic
pulmonary obstructive disease, can be easily differentiated from
a pulmonary embolic event. The size of alveolar dead space has
been approximated by measuring the CO, arterial tension to
end-tidal CO, gradient as a percentage of the ventilated but not
perfused lung. Therefore, the PE diagnosis is mainly based on
assessing clinical pretest probability, D-Dimer measurement and
imaging tests, primarily CTPA [17, 18]. ETCO, determination
may be used in isolation as a simple bedside test where measur-
ing exhaled gas and alveolar-arterial gradient requires arterial
blood gas sampling and specialised equipment. Previous studies
have shown that ETCO, is a reliable screening tool when com-
bined with bedside prediction in excluding PE [19, 20]. We hy-
pothesise that a high ETCO, can be used in isolation as a reliable
screening tool to exclude PE in patients, avoiding the unneces-
sary need for a CTPA.

Materials and Methods

This prospective study was performed at the Bradford Teach-
ing Hospitals, Bradford, United Kingdom. The aim of our study
was to investigate the role of ETCO, as a screening tool in the
diagnosis of PE. Inpatients and patients admitted to the acute
medical assessment unit (AMAU) or other departments sus-
pected of having PE were enrolled over a 3 year period from
2012-2014 and 2019. Clinical suspicion was based upon a high
Wells score or a positive plasma D-dimer. In patients where the
clinician highly suspected a PE, a CTPA scan was requested
without D-dimer determination. In others, a CTPA was request-
ed only if the D-dimer was positive. The radiology department
was contacted daily to seek patients who had a CTPA scan re-
quested. The CTPA scan results were taken as the gold standard
in diagnosing a PE. Only those patients who had a CTPA scan
requested were approached for consent to undergo ETCO, de-
termination. Levels of ETCO, were obtained within 24 hours
of the onset of symptoms or CTPA. Exclusion criteria included
invasive ventilation, pregnancy, inability to consent, known type
2 respiratory failure, oxygen therapy of more than 4 L.min-1
and neuromuscular disorders. The 582 patients were initially
screened. 35 patients were excluded as their ETCO, levels were

obtained 24 hours post-onset of their symptoms or CTPA and 32
individuals had minor issues in their consent forms. No patients
were enrolled multiple times. Demographic data were collected
from medical notes. All patients had a detailed medical history
taken. This included smoking status and comorbidities. Wells
score was obtained from the medical notes as calculated by the
admitting doctor. If 'the patient's physician requested a plasma
D-dimer test, the results were recorded. This study in no way in-
terfered with the management of our patient group.

After obtaining informed consent, ETCO, was measured by
trained testers (I.Riaz,B.Jacob, M.Najafzadeh) who were blind-
ed to the diagnosis after obtaining informed consent. Nellcor
N85 handheld capnograph/pulse oximeter and CapnostreamTM
35 Portable Respiratory MonitorPM35MNwith Microstream
ETCO, and Nllcor TM SPO, Medtronic were the devices used to
record the ETCO, values. The capnograph was calibrated every
4 weeks at two levels of CO, by the medical physics department
(Bradford Royal Infirmary, Bradford, UK) calibrated to zero and
5.6% of CO,. The plastic tubing with an uptake mouth cannula
(Covidien Oridion Microstream Filter Line Set, Adult/Paediatric
CO, Sampling Line) was placed in the subject's mouth, allowing
tidal breathing while ETCO, was measured. The nostrils were not
clipped shut. Patients were instructed to breathe normally for 10
seconds. This was repeated three times and an average ETCO,
value was recorded. No adverse events were noted when obtain-
ing ETCO, values. The majority of the CTPA scans were placed
within 48 hours of admission, and the results were noted.

Data analysed using logistic regression models with PE status,
as confirmed by the CTPA scan, as the outcome measure and in-
dividual test scores as the predictors. Receiver operator analysis
was then performed for each test individually, and a classification
table was produced for a range of thresholds for both ETCO, and
D-dimer. Receiver operating curves (ROC) with an area under
the curve (AUC) was used for determining the optimal ETCO, to
discriminate between patients with and without a PE. P-values of
<0.05 were considered statistically significant. All analyses were
conducted using Stata 12 (StataCorp.2011 Stata release 12, statis-
tical software, College Station, TX: Stata Corp LD).

Results

A total of patients (264 females and 215 males) were included
in the study. Patient age ranged from 18 to 93. 479 patients were
included in the final analysis. 136 patients (25.3%) were diag-
nosed with a PE on CTPA scanning. No patients were enrolled
twice. Three hundred and sixteen patients were enrolled from the
AMAU with 82 PEs, and 221 were inpatients with 54 PEs. Al-
together, 537 patients were enrolled which some of the patients
were excluded from the study due to not meeting the study’s
criteria. All patients had a detailed medical history taken. This
included smoking status and comorbidities. The comorbidities
were listed as diabetes melitus type 2, Asthma, Infectious disease,
Cardiovascular diseases, Cancer, autoimmune diseases, COPD
and other respiratory diseases, Interavenus drug users (IVDU),
Reduce mobility and coagulation diseases.

A high proportion of patients diagnosed with a PE also had
multiple comorbidities (50%) compared to the non-PE group
(23%). Furthermore, 58% of obese patients and 86% of cancer
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patients had a PE. It was noted that the average age of those
who had a PE was 58.9 compared to the non-PE group at 56.9.
38% of males recruited experienced a pulmonary embolic event
compared to 31% of females. 34% of past smokers and 48% of
current smokers suffered a PE compared to 30% with no smok-
ing history. There was no difference in the presence or absence
of medical comorbidities in the two groups.

The mean Wells score was 3.8 (range: 0-10) in the PE group
and 3.0 (range: 0-10.5) in the non-PE group. Figure 1 demon-
strates that the AUC (Area Under Curve) for Wells score is 0.59.
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The 32.53 mmHg is the lowest point where the sensitivity and
NPV become 96% yet maintain a high specificity (Sp = 68%).
Also, the Only 14 patients with a PE had an ETCO, greater than
32.53 mmHg. This is demonstrated clearly in figure 2.

Six patients negative for a PE obtained ETCO, reading below
20 mmHg (Figure 2). Thus, the 10% cut-off corresponded to an
ETCO, of 34.2 (Sn=96%; Sp=37%).

Discussion

Our study has demonstrated that ETCO, is a quick, safe, reli-
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Figure 1. 1. The Number of observations: n =479 . The left side graph is the ROC curve for ETCO,= 0.8395, the middle graph is the ROC curve
in Well’s score which is 0.59 the area under curve and the right side graph is the ROC curve fir D-dimer. 1.c. Although ETCO, has reasonably
good predictive power, d-dimer performs statistically significant with a larger area under the ROC curve

431 out of the 479 patients had their plasma D-dimer levels
measured. Serum D-dimer in this centre was positive if 275 ng/L
or above and is measured via the use of monoclonal antibod-
ies coupled to latex beads. All patients with a PE had positive
D-dimer. 72% of patients that did not have a PE had a positive
D-dimer result. Mean D-dimer in the PE positive and negative
groups was 1,855 pg/l (range 289-6,899 ng/l) and 609 ug/l, re-
spectively (range:a range of 322- 8836 pg/l. ) (range: 44-4137
ng/L), respectively. A ROC curve and the corresponding sen-
sitivities and specificities are shown in figures 1 . The AUC is
0.85. Figure 2 shows D-dimer value of 275 pg/L is 100% sensi-
tivity with a 100% negative predictive value (NPV) but only has
27% specificity. Specificity increases with an increasing D-di-
mer with a compromise in sensitivity and NPV. D-Dimer value
of 450 pg/L has a high sensitivity (96%) and specificity (56%)
with an NPV of 96%.

There was no significant difference noted among the three
10-second breathing intervals for the ETCO, readings. The
average ETCO, in patients with a positive CTPA was (=25.0
mmHg, range: 1.9-4.8 kPa, SD of 0.56). The average ETCO,
in patients without a PE was 32.53 (range 17- 49.5.5 mmHg,
SD 3.8). The ROC curve demonstrating the ability of ETCO,
to discriminate between patients with and without PE and the
corresponding sensitivities and specificities are shown in figure
1 (AUC is 0.88). All but 14 patients negative for PEs obtained
an ETCO, of >32.5 mmHg. This point (32.5 mmHg)had a sen-
sitivity and specificity (98.6 % and 64.6 %, respectively) with
a negative predictive value of 98.8 % and a positive predictive
value of 60%.

able and non-invasive bedside screening test in excluding PEs.
Furthermore, this study shows that out of the 136 patients with a
PE, only 14 patients obtained an ETCO, value of 32.53 mmHg
(Figure 2).

In a similar larger study of 298 patients, Hemnes et al. un-
derwent ETCO, determination within 24 hours of diagnostic
imaging [19]. His results with a cut-off of 36 mmHg achieved
sensitivities of 87%, specificity of 53%, with a 97% NPV. Our
results with a much lower cut-off (32.53 mmHg),demonstrates
sensitivity, specificity and NPVs of 96.12%, 64.6% and 98.8%,
respectively (Table 1). Our study has a lower cut-off with a high-
er NPV. This may have been the consequence of a smaller study
group and determination of ETCO, within 24 hours of symptom
onset. Studies have shown that prolonged heparin administration
reduces the clinical effectiveness of screening tests for PE as the
proportion of false-negative results increases [21, 22]. Delay in
ETCO, determination could mean a longer course of treatment
hence a potential reduction in alveolar dead space ventilation
and clot burden [17, 23].

The assessment of alveolar dead space ventilation and expired
CO, acts as surrogates of pulmonary vascular obstruction. This
model has been proposed as vital in excluding pulmonary em-
bolic events [15, 24]. The three-compartment lung model can
be used to demonstrate this phenomenon; an ideal compartment
which is both ventilated and perfused, a shunt compartment that
is only perfused and the alveolar dead space which is only ven-
tilated. The V'A/Q' mismatch could be developed in either shunt
and low V'A/Q' regions which are the most frequent causes of
hypoxaemia [15, 25]. The size of the alveolar dead space can be
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Figure 2. The number of observations n = 479 The top graph demonstrates the Box diagram comparing CT-
PA-positive and CTPA-negative results for D-dimer the below Box diagram comparing CTPA-positive and CT-
PA-negative results for ETCO,. The line represents a threshold of 32.53 mmHg. This figure shows that no patient
with an ETCO, 32.53 had a pulmonary embolism. CTPA = computed tomography pulmonary angiogram; ETCO,

= end-tidal carbon dioxide

estimated by ETCO, determination.

In 170 ambulatory patients, Kline et al. obtained 100% sensi-
tivity and 65% specificity in excluding PEs with a combination
ofalveolar dead space fraction (VD/VT) and a negative D-dimer
[26, 27]. In a larger study (246 patients) Roger et al. obtained a
sensitivity of 80% and a specificity of 70% with VD/VT in ex-
cluding PEs [27]. The combination of the VD/VT fraction with
a D-dimer improved sensitivity to 98% (27). Our study obtained

the same sensitivity at 96.12% and 69.7% specificity with ETCO,
determination alone (Table 1), without requiring specialised
equipment or arterial puncture. All but one of our patients with
a negative D-dimer and ETCO,>32.53 mmHg were negative for
a PE.

It was noted that in larger studies, the prevalence of PEs was
lower when compared to our study at 35% (28-30). A study with
1177 patients had a prevalence of 17% [13]. Perrier et al. using a
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Figure 3. The number of observations = 479, Receiver operator curves for (a) D-dimer and (b ETCO,. Plot of the
true-positive rate against the false-positive rate for the different possible cut-off points for these diagnostic tests. The
area under the curve for D-dimer and ETCO, are 0.82 and 0.84 respectively. ETCO, = end-tidal carbon dioxide. ROC

= receiver -operating curve

cut off value of 500 pg/L for D-dimer, obtained sensitivities of
99.5% and specificity of 41% (NPV 99%) [28, 30]. We obtained
similar values using 450 pg/L with marginally lower sensitivi-
ty (96%) but much better specificity (53%). These results also
correspond to similar studies with varying classification values
depending upon the threshold chosen for a positive D-dimer
[29]. Similarly, as D-dimer values increase, sensitivity is com-
promised with a rise in specificity (Figure 3). The threshold used

for D-dimer by our centre obtained 100% sensitivity but only
27% specificity.

A retrospective study of 220 patients showed that only 4.2% of
patients with an elevated D-dimer value were diagnosed with a
PE [31]. Tests ordered based on the elevated D-dimer were billed
for >$200,000 [31]. In our study, only 42% of patients with a
positive D-dimer had a PE. Out of the 130 patients who did not
have a PE on CTPA, 80 patients had an ETCO, greater than
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Figure 4. The Linear Regression graph, it shows the level of ETCO, in different patients compared to the D-Dimer results

Table 1. End-tidal carbon dioxide (ETCO,) classification table over a
range of cut-off thresholds

Predictive s o Positive pre- Negat.ive
ETCO, Sensitivity | Specificity dictive value .predlc—
N=4679 tive value]
24.1 >=50% 45.0% 90.6% 63.7% 81.7%
29.1 >=25% 86.8% 69.7% 51.4% 93.5%
325 >=10% 96.1% 37.4% 36.2% 96.3%

32.53 mmHg. This equated to 62% of the Non-PE population.
In Bradford Teaching Hospitals, the cost of a CTPA ranges from
£300-500. If our patient population was screened using ETCO,
alone, this could have potentially saved £24,000-£40,000. In the
Bradford teaching hospital, around 850 CTPA are done yearly
and adoption of our screening method can cut costs significantly.

A 32.53 mmHg cut-off for ETCO, has a much higher spec-
ificity (65%) than a plasma D-dimer with the same sensitivity
value (100%). Determination of plasma D-dimer requires venous
access and results are not immediate. Heparin administration
can also reduce the usefulness of D-dimer results as the rates of
false positives are increased [21, 32]. If both tests are combined
in excluding PEs, sensitivity remains high, but specificity values
fall dramatically [28, 29, 32]. It is therefore noted that ETCO,
in isolation has better screening potential when compared with
D-dimer (Figure 4).

Wells Score as a screening tool in our study did not exhibit con-
clusive results. However, other studies show that Wells Score has
a moderate to substantial risk stratification ability when diagnos-
ing PE [13, 14]. Hemnes et al. also demonstrated a wells score of

<4 when combined with an ETCO, of >36mmHg increased NPV
from 96.6% to 97.6% [19].

It is established that increasing age, multiple comorbidities and
male sex increases the probability of a pulmonary embolic event
[33-35]. This may be related in part to increased activation of
blood coagulation, fibrinolysis, and inflammation, possibly relat-
ed to the increased inflammatory burden of both atherosclerotic
and non-vascular disease. These increases also have implications
for the diagnosis of suspected acute venous thrombo-embolism
(D-dimer) [33, 36]. There has been a clear link already established
between smoking and increased risk of pulmonary embolism [37,
38]. Our data shows that 60% of patients who experienced a PE
had a smoking history, compared to 49% in the non-PE group.
The mean ETCO, in our non-PE group is lower (34 mmHg) when
compared to Hemnes et al's finding (36 mmHg) [19] . In our
study, a much more significant proportion of patients in the non-
PE group suffered from chronic lung diseases (15%) compared
to Hemnes et al (2.7%). Exacerbation of such conditions can in-
crease the respiratory rate, therefore, can reduce the ETCO,,.

The incidence of PEs, based on 37,892 Pennsylvania residents,
increased by 0.004%, whilst there was a 21.6% increase in pa-
tients undergoing CTPA scans for the same 4 year period [7].
Patients are exposed to high levels of radiation despite the low
prevalence [11, 12, 39]. This may be due to the increasing role
of defensive medicine and partially because physicians underes-
timate the radiation dose associated with a CT scan [11, 12, 39].
In a study, 91% of Emergency physicians and 53% of Radiolo-
gists did not believe that CT scans increased the lifetime risk of
cancer [11]. Contrast material administered during a CTPA scan
increases the risk of nephrotoxicity by 9% in those patients that
are diabetic or have pre-existing renal insufficiency [40, 41]. In
our study, 10% of patients that had a CTPA had diabetes and 3%

European Journal of Respiratory Medicine



Eur J Respir Med 2021, 3:2

212

had renal impairment.

Our study included a combination of inpatients and AMAU
patients to capture the complete population perceived to be at
risk of a PE. Determination of ETCO, within 24 hours of symp-
tom onset may be why we obtained a lower threshold of ETCO,
in excluding PE's compared to previous studies [19]. ETCO, can
be abnormal in certain conditions. Exclusion criteria included
Patients on non-invasive ventilation, oxygen therapy of more
than 4 L.min-1, pregnancy, known type 2 respiratory failures
and neuromuscular disorders. In retrospect, recruitment of a
control group would have allowed us to capture the ETCO,
trend amongst the normal population. This, coupled with larg-
er sample size, would have allowed for better comparison with
previous studies. It would have also been beneficial if the indi-
vidual determining the ETCO, for each patient also calculated
the Wells score. All these measures would have allowed better
comparison between these three screening tools in isolation and
combination.

Conclusion

This study highlights that ETCO, is a quick, safe, reliable and
non-invasive bedside test that can be used to screen and exclude
patients with suspected PEs. Furthermore, if used in combina-

tion with D-dimer with clinical probability as a screening tool
(Figure 4), CTPA will be required only in a minority of patients.

Abbreviation

PE: Pulmonary Embolism; TRCO,: End -Tidal Carbon di-
oxide; CTPA: Computed Tomography Pulmonary Angiogram;
AMAU: Acute Medical Assessment Unit.
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