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ABSTRACT
Objectives: Our goals were to determine whether selection bias occurred in a prehospital study
comparing an esophageal detector device (EDD) to a disposable capnometer for detecting
esophageal intubation, and to determine whether such a bias would have changed the study’s con-
clusions about EDD effectiveness.
Methods: In a study of patients requiring prehospital intubation, we determined the sensitivity,
specificity and predictive values of the EDD for detecting esophageal intubation. We then com-
pared intubation success rate in patients who were enrolled in the study (n = 129) to that in eligi-
ble patients who were excluded from it (n = 107). After finding that the incidence of failed intu-
bation was higher in the “excluded” group, we used sensitivity and specificity parameters derived
from the study population to assess whether EDD test characteristics would differ in studied vs.
excluded patients.
Results: The first intubation attempt was successful in 125 of 129 study patients and 76 of 107
excluded patients (97% vs. 71%, p = 0.03), confirming the presence of selection bias. The negative
predictive value of the EDD for esophageal intubation was 98% in the study cohort and would
have been 77% in patients like those excluded (i.e., difficult intubation cases). 
Conclusion: The high “first attempt” intubation success rate seen in this study was due to selective
exclusion of failed intubations. This selection bias led to a clinically important overestimation of the
EDD’s negative predictive value. Bias may substantially alter the estimations of test accuracy report-
ed in scientific studies. To reduce the chance of unrecognized selection bias in studies of diagnos-
tic tests, investigators must determine whether recruited subjects resemble patients in whom the
test will ultimately be used.

RÉSUMÉ
Objectifs : Établir la présence d’un préjugé de sélection lors d’une étude en milieu préhospitalier
comparant un vérificateur de position oesophagienne (VPO) avec un capnographe jetable pour la
détection d’une intubation oesophagienne et déterminer si un tel préjugé aurait modifié les con-
clusions de l’étude au sujet de l’efficacité du VPO.
Méthodes : Lors d’une étude auprès de patients nécessitant une intubation préhospitalière, nous
avons déterminé la sensibilité, la spécificité et les valeurs prédictives du VPO pour déceler les intu-
bations oesophagiennes. Nous avons ensuite comparé le taux de succès des intubations chez des
patients inclus dans l’étude (n = 129) à celui chez des patients éligibles exclus de l’étude (n = 107).
Après avoir constaté que l’incidence des intubations ratées était plus élevée parmi le groupe
«exclus», nous avons eu recours aux paramètres de sensibilité et de spécificité dérivés de la popu-
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Introduction

Diagnostic test results can greatly influence patient care.
Whereas emergency physicians have relied on diagnostic
tests to guide clinical and therapeutic decisions for years,
less emphasis has been placed on the use of diagnostic tests
in the prehospital care environment. However, as the
sophistication of paramedicine evolves, it is inevitable that
prehospital diagnostic test use will increase.

One vexing problem in prehospital care relates to the
confirmation of endotracheal tube (ETT) placement. The
traditional practice of visualizing the ETT passing through
the vocal cords, then performing other physical assessments
to confirm proper placement, has been labelled a “fool’s
gold standard.”1 At a recent prehospital care consensus con-
ference,2 waveform or colorimetric capnometry, comple-
mented by an endotracheal detector device (EDD), was pro-
posed as the new gold standard for verifying ETT place-
ment. But while capnometry is a widely accepted stan-
dard,1–4 the EDD’s role remains controversial.5–12

Diagnostic tests are often introduced to clinical practice
before adequate appraisal,3,13 and studies that evaluate test
utility can be affected by several types of bias, including
verification bias, interpretation bias, selection bias, and the
absence of a gold standard.4,13,14 These and other forms of
bias generate flawed test performance data and limit the
validity of study conclusions about test utility.

In a recent prehospital study intended to assess the use-
fulness of the EDD in detecting esophageal intubation, we
noted an unexpectedly high rate of “first attempt” intuba-
tion success. We suspected that selection bias might be
responsible for this observation and suspended the study to
investigate this possibility.

Methods 

The EDD study
Between May 1995 and June 1996, in a large urban emer-
gency medical services (EMS) system, we prospectively
compared the effectiveness of an EDD (60-mL syringe
attached to a 7.0-mm ETT adapter) to that of a disposable
colorimetric capnometer (Easy Cap™, Nellcor).8 At the
time, the latter device was felt to be the best prehospital
reference (“gold”) standard15,16 for detecting esophageal
intubation of non-cardiac arrest patients. Cardiac arrest
patients were excluded from the study due to the lack of a
valid out-of-hospital reference standard to ascertain ETT
placement.5 The trial was approved by our institutional
research ethics board.

Following the intubation of an eligible patient, the non-
intubating paramedic used an EDD and attempted to aspi-
rate 30 mL of air, after which the plunger was released and
observed for rebound. Impeded aspiration with plunger
rebound was interpreted to indicate esophageal tube place-
ment. Without knowledge of the EDD result, the intubating
paramedic then attached the capnometer and recorded its
result. Any colour change of the capnometer filter paper
indicated tracheal placement of the ETT, whereas no colour
change indicated esophageal placement. The EDD and cap-
nometry results were recorded on separate data sheets, and
each paramedic was required to sign a statement asserting
that they had no knowledge of the other test findings when
interpreting their own test.

Assuming that the “first attempt” intubation success rate
would be 70% and that EDD sensitivity, specificity and neg-
ative predictive value would be at least 95%,17,18 we calculat-
ed that 200 subjects were required to complete the trial.

lation à l’étude pour évaluer si les caractéristiques du test du VPO seraient différentes entre les
patients à l’étude et les patients exclus.
Résultats : La première tentative d’intubation fut couronnée de succès chez 125 des 129 patients à
l’étude et chez 76 des 107 patients exclus (97% vs 71%, p = 0,03), confirmant la présence d’un
préjugé de sélection. La valeur prédictive négative du VPO pour l’intubation oesophagienne était
de 98% pour la cohorte à l’étude et aurait été de 77% chez les patients qui avaient été exclus (i.e.,
les cas d’intubation difficile).
Conclusions : Le taux élevé de succès de l’intubation lors de la «première tentative» constaté lors
de cette étude était attribuable à l’exclusion sélective des intubations ratées. Ce préjugé de sélec-
tion entraîna une surestimation cliniquement importante de la valeur prédictive négative du VPO.
Les préjugés peuvent modifier substantiellement l’estimation de l’exactitude des tests décrits dans
des études scientifiques. Afin de diminuer le risque d’un préjugé de sélection non identifié lors de
l’étude d’épreuves diagnostiques, les chercheurs doivent déterminer si les sujets recrutés ont les
mêmes caractéristiques que les patients chez qui cette épreuve sera éventuellement utilisée.
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An analysis of the initial 129 subjects showed that “first
attempt” intubation success was 97% rather than the expect-
ed 70%. We recognized that many patients had been exclud-
ed from the study and considered the possibility of selection
bias; therefore, we designed a retrospective survey to deter-
mine whether recruited subjects were different from those
who fulfilled study eligibility criteria but were excluded.

The retrospective survey
Three paramedics who were trained to abstract data from
ambulance call reports explicitly, reviewed all paramedic
patient encounters between September and December
1995, and documented the reason for intubation and the
“first attempt” intubation success rate. Reason for intuba-
tion was dichotomized into primary respiratory failure (e.g.,
pulmonary edema, chronic obstructive pulmonary disease,
pneumonia) or airway protection (e.g., trauma, overdose,
stroke). Our paramedics are taught to document an intuba-
tion attempt each time a laryngoscope is passed beyond the
teeth or an ETT is passed into the nares with the intent of
intubating; therefore, “first attempt” success was recorded
when only one intubation attempt was documented on the
ambulance call report.

Results

The retrospective survey identified 143 patients who ful-
filled EDD study eligibility criteria. Of these, 36 (25%) had
been enrolled in the study and 107 (75%) excluded from it.
Table 1 shows that excluded subjects (n = 107) were simi-
lar to enrolled subjects (n = 129) with respect to demo-
graphics, reason for intubation and route of intubation, but
that “first attempt” intubation success rate and overall intu-
bation success rate were significantly lower in excluded
patients. These differences suggested there was a bias
against enrolling subjects who could not be intubated on the
first attempt (or at all), and that the diagnostic parameters
calculated in this study might be different if EDDs are used
to evaluate “real world” prehospital intubations.

Table 2 illustrates actual EDD performance characteris-
tics in the study cohort (n = 129), where the “first attempt”
intubation success rate was 97%. In this cohort, the EDD
identified one of 4 esophageal intubations identified by cap-
nometry, thus had a sensitivity of 25%. Table 3 shows the
expected EDD performance characteristics in a hypotheti-
cal cohort of 129 subjects where the “first attempt” intuba-
tion success is 71% (i.e., patients like those in the excluded
group). Because it is generally accepted3 that test sensitivi-
ty and specificity remain constant when tests are used in
populations with differing prevalence of the target condi-

tion (e.g., esophageal intubation), we used sensitivity and
specificity figures from our EDD study to calculate the pre-
dictive values illustrated in Table 3. The key difference
shown in Table 3 is that the EDD’s negative predictive value
falls from 98% in the study cohort (where the prevalence of
failed intubation was 3%) to 77% in the “excluded” cohort
(where the prevalence of failed intubation was 29%). The
implications of this are outlined below.

Discussion

Despite our attempts to perform a careful analysis of EDD
effectiveness, an unexpected selection bias compromised
our results. Selection bias occurs when the subjects stud-
ied are different from those targeted by the trial, hence are
not representative of subjects to whom the test will be
applied in the clinical setting.13,14 In this study, paramedics
selectively enrolled patients whom they were able to intu-
bate easily. In the real world, EDD accuracy is most
important in patients who are difficult to intubate and in
whom there is doubt about tube position. This means that
in our study the subjects who would have been most
important to assess EDD accuracy were least likely to be
recruited into the trial.
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Table 2. Capnography vs. EDD results in 129 patients (intu-
bation success rate = 97%)

Esophageal intubation?
(capnography result)Esophageal intubation?

(EDD result) Present Absent Total

Present 1 0 1
Absent 3 125 128
Total 4 125 129

Sensitivity = 25% (95% confidence interval [CI]), 0%–67%; positive predictive value
(PPV) = 100%; specificity = 100%; negative predictive value = 98%

Table 1. Comparison of control and esophageal detector
device (EDD) groups

Control
group

(n = 107)
EDD group
(n = 129)

p
value

Reason for intubation
Respiratory failure 60 (56) 64 (50) 0.49
Airway protection 47 (44) 65 (50) 0.49

Intubation route
Nasal 70 (65) 96 (74) 0.83
Oral 21 (20) 33 (26) 0.83
Unable to intubate 16 (15) 0 <0.01

"First attempt" success 76 (71) 125 (97) 0.03
"Overall" success 91 (85) 129 (100) <0.01

Results are shown as no. (and %).
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Bias in EDD research
Other forms of bias are common in trials evaluating diag-
nostic tests,4,13,14,19,20 and two such biases are illustrated by
recent EDD studies.9,10 Interpretation bias occurs when
knowledge of one diagnostic test influences the interpre-
tation of another.8,20,21 For example, in the current study, if
the paramedic applying the EDD was aware of the cap-
nometry result, this could alter his or her interpretation of
the EDD result. Interpretation bias can be avoided by
blinding both evaluators to the results of the alternate
test.22 Another type of bias may occur when an inadequate
reference standard is used (which allows patient misclas-
sification) or if the experimental test is used to help estab-
lish the “true” diagnosis and thereby acts as its own refer-
ence standard.19

Two large prospective prehospital EDD trials have been
previously published.9,10 In both, the reference standard used
to determine “true” ETT placement was clinical evaluation
— an inadequate standard1,2,5 that may have allowed mis-
classification errors. In one of the studies,9 Marley used the
results of clinical evaluation and the EDD to determine
“true” ETT placement. This may have introduced an inter-
pretation bias if knowledge of the EDD result influenced the

interpretation of clinical findings, or if knowledge of clinical
findings influenced interpretation of the EDD. In the other
study,10 paramedics were told not to alter tube placement
based on EDD results, but it is likely that knowledge of the
EDD result could have biased the interpretation of the para-
medics’ clinical evaluation regarding ETT placement.

Perhaps because of study biases (Table 4), these investiga-
tors drew very different conclusions regarding the prehospi-
tal performance of the EDD. Marley9 concluded that the
EDD was 100% sensitive and 78% specific (identifying 17 of
17 esophageal intubations and 75 of 88 tracheal intubations).
In contrast, Pelucio10 concluded that the EDD was 50% sen-
sitive and 99% specific (identifying 5 of 10 esophageal intu-
bations and 156 of 158 tracheal intubations). It is difficult to
know how to interpret these conflicting results, and they
leave us uncertain about the true value of EDD.

Predictive value and prevalence
When basing treatment decisions on diagnostic tests, it is
important to understand the concept of predictive value.19,23

Positive predictive value (PPV) answers the question: “If
the test is positive, what is the probability that the patient
has the condition of interest (e.g., esophageal intubation)?”
Negative predictive value (NPV) answers the question: “If
the test is negative, what is the probability that the patient is
free from the condition of interest?” Excellent PPV is
important when a test is used to initiate treatments that are
associated with morbidity or mortality (e.g., thrombolysis).
Excellent NPV is important when a test is used to rule out
conditions that are associated with morbidity or mortality
(e.g., esophageal intubation).

In this situation, NPV answers the question, “If the EDD
result indicates tracheal intubation, how likely is a tracheal
intubation to have occurred?” NPV therefore defines the
ability of a paramedic using an EDD to rule out esophageal
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Table 3. Expected* capnography results vs. EDD results if
intubation success rate = 71%

Esophageal intubation?
(capnography result)Esophageal intubation?

(EDD result) Present Absent Total

Present 9 0 9
Absent 28 92 120
Total 37 92 129

*Table 3 is based on the following assumptions, derived from Table 2: n = 129;
sensitivity = 25%; specificity = 100%. Calculated PPV = 100%; calculated negative
predictive value = 77%.

Table 4. The potential role of bias in prehospital EDD trials

Trial Selection bias
Inadequate

reference standard Interpretation bias

Marley9 Yes:

Convenience sample

Yes:

Clinical exam used as
reference standard

Yes:

EDD result influenced
reference standard
determination

Pelucio10 Yes:
Only 57% of eligible
patients enrolled

Yes:
Clinical exam used as
reference standard

??:
Unclear whether
paramedics blinded to
alternate test result

Current study Yes:

Only 25% of eligible
patients enrolled

No:

Capnography used as
reference standard

Possible:

Attempts made to blind
paramedics to alternate
test result
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intubation. In our study, the negative predictive value of the
EDD for esophageal intubation was 97%. Consequently, a
paramedic acting on a “negative” EDD study would be cor-
rectly reassured 32 out of 33 times, and would “miss”
esophageal intubation only 3% of the time. However, when
we recalculated EDD predictive value in a sample where
“first attempt” intubation success was 71% rather than
97%, NPV fell to 77%. This means that, in a more realistic
patient sample, a paramedic acting on “negative” EDD
study would be correctly reassured 3 out of 4 times and
would “miss” a quarter of esophageal intubations (Tables 2
and 3). These data illustrate the profound effect that preva-
lence has on the predictive value of diagnostic tests and
demonstrates that when the prevalence of a condition is
high, negative tests are more likely to be false negative and
misleading.

A limitation of our study is the wide 95% confidence
interval of the original estimate of sensitivity (Table 1).
However, even if we assumed a maximal predicted sensi-
tivity for the EDD of 67% in our hypothetical cohort, the
NPV would still have been a disappointing 88%.

Lessons learned
This trial taught us a great deal about the difficulties of con-
ducting prehospital research. We were surprised to observe
that, in several instances, paramedics deviated from our
study protocol and used a capnometer without applying the
EDD. Perhaps we failed to engender a sense of ownership
and hence our paramedics had no vested interest in com-
pleting the study successfully. In addition, they were
unaware that this behaviour compromised patient enroll-
ment and could bias the study results. These problems
could have been mitigated by involving the paramedics dur-
ing the trial design and implementation phases.

Our second mistake was the failure to establish a surveil-
lance log. A surveillance log would track demographic
characteristics of eligible subjects, allowing comparison of
patients enrolled vs. patients excluded. Such a log would
have quickly showed us that we were studying a skewed
patient sample rather than the consecutive sample intended.
With this knowledge we would have detected selection bias
at an earlier stage and intervened to improve the recruit-
ment process.

Our third problem was a conflict of interest involving our
principal investigator, who was also the EMS medical
director responsible for quality assurance and monitoring
paramedic clinical skills. Based on this, it is conceivable
that paramedics might have been reluctant to report failed
intubations within the study.

These concerns led to several changes in our prehospital

research program. First, we designated an emergency physi-
cian, who has no role in evaluating paramedic competence,
as the director of prehospital care research. In addition, we
no longer use research data for quality assurance purposes.
Second, we formed a prehospital research committee with
broad representation from the base hospital, paramedics and
ambulance operational managers. All research protocols
must now be presented to and approved by this group. All
aspects of trial design and implementation are discussed in
an open forum with the intent to troubleshoot problems in
the early development stage. Third, we directly involve para-
medics in research. Now, all projects must have a paramedic
representative who is willing to liaise with their peers during
study development and assist with trial implementation.
Finally, we have added a research section to our paramedic
newsletter and instituted regular sessions where prehospital
research initiatives are presented. These keep paramedics
informed and involved and allow us to address their ques-
tions and concerns directly.

Conclusion

The high “first attempt” intubation success rate seen in our
study was due to selective exclusion of failed intubations.
This selection bias led to a clinically important overestima-
tion of the EDD’s negative predictive value. Bias may sub-
stantially alter the estimations of test accuracy reported in
scientific studies. To reduce the chance of unrecognized
selection bias, investigators must determine whether
recruited subjects resemble patients in whom the test will
ultimately be used.
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Nothing is more beautiful than an Alberta blue sky over snow-
capped mountains. And March is the perfect time of the year
to be in Calgary to see just that.

The 2001 CAEP Annual Scientific Meeting will offer 4
days where you can hear about, discuss and participate in the
latest in Canadian Emergency Medicine. Here are some of the
major themes that will be highlighted.

Technomerge — the application of 21st Century techno-
logical advances to the practice of Emergency Medicine

Money in the 21st Century — covering not only person-
al and departmental financial issues but also entrepreneur-
ial opportunities

Black Holes — aspects of emergency care that don’t
directly involve patients but that can still swallow us, such
as legal and administrative issues

Interfacing with Industry — highlighting the Oil
Industry as an example of how our scope of practice can
extend into the community

In addition, there will be an academic look at the latest devel-
opments in clinical Emergency Medicine in the Cutting Edge
track and through a full Research programme. Hands on
workshops and In The Trenches review presentations will
present real clinical issues in a new light.

2001 A CAEP Odyssey will be one of the first conferences
held in the new TELUS Convention Centre. It will be a fan-
tastic state-of-the-art facility integrated into hotels, shopping
and the Glenbow Museum. A cyber café will allow you to
sample the latest in computer goodies.

Two-day preconference in Banff
March 19–20

This will feature the popular CAEP Roadshows. The Road-
shows will be scheduled to allow lots of time for skiing, board-
ing or sleighing. Or . . . just soak your troubles away in Banff’s
world famous mineral Hot Springs.

2001 A CAEP Odyssey — A Journey to the Future of
Emergency Medicine will boldly go where no conference has
gone before. 

2001 A CAEP Odyssey 
A Journey to the Future of Emergency Medicine

MARCH 21–24, 2001

Springtime in the Rockies
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