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Introduction

1.1 Summary

Title............A multicenter evaluation of the SCOTI device for real-time determination of tracheal
tube placement during emergency airway management.

Design ........Multicenter prospective cohort observational study.
Setting ........Sites where emergency tracheal intubation is performed. Emphasis will be on intuba-

tions within hospital emergency departments. However, patients may be enrolled from
any hospital location. One prehospital service is enrolled in the working group, which
consists of fifteen centers.

Sample........A total target of one thousand patients, aged 12 years and older, will be enrolled. The
enrollment period will be approximately one year.

Analysis.......This study will compare the efficacy of the Sonometric Confirmation of Tracheal Intu-
bation (SCOTI) monitoring device with standard methods of determining endotracheal
tube placement during emergency intubation. Measurements will be made from the
SCOTI screen during intubation.

Treatment...None. During this trial, SCOTI measurements will be taken solely for the purposes of
observation. Intubation maneuvers will be performed in the same manner as they would
without SCOTI. Standard confirmation methods will be used to determine final endo-
tracheal tube placement. Patient treatment will not be altered.

Outcomes ...Comparison of SCOTI performance in determining endotracheal tube placement with
standard methods of placement confirmation.

Objective ....To determine whether SCOTI is a technological advance over standard methods of en-
dotracheal tube placement confirmation, providing potentially more rapid and more ac-
curate determination of incorrect endotracheal tube placement during emergency intu-
bation.

1.2 Background

Intubation of the trachea is performed to ensure a patent and protected airway or to permit positive
pressure ventilation in the critically ill patient. A well-known hazard of tracheal intubation is inad-
vertent placement of the endotracheal tube in the esophagus. Adverse effects of this error include
failure to provide adequate tissue oxygenation to sustain life and inflation of the stomach with conse-
quent regurgitation of gastric contents, spillage of these contents into the patient’s tracheobronchial
tree, and production of severe, potentially life-threatening pneumonitis.

Routinely-used clinical methods of attempting to distinguish correct from incorrect placement of an
endotracheal tube include the following maneuvers:

• visualization of the tube tip traversing the glottic opening during direct laryngoscopy
• observation of chest excursion
• auscultation of breath sounds
• measurement of exhaled carbon dioxide concentration during attempts to ventilate the patient

via the tube
• use of pulse oximetry to monitor the patient’s arterial oxygen saturation immediately following

intubation
• chest radiography

Each of these methods has drawbacks. It is often difficult to see the tube tip traverse the glottic
opening during direct laryngoscopy. The reliability of observing chest wall movement and auscul-
tating for breath sounds is compromised by obesity and pulmonary disease involving lung hyperin-



Research Protocol: SCOTI Evaluation Page 2

flation (such as in chronic obstructive pulmonary disease or active asthma). Auscultation, the oldest
of traditional methods used, has been demonstrated to be of little benefit in distinguishing esophag-
eal from endotracheal tube placement.1 Chest radiography is time consuming and has been demon-
strated only helpful for distinguishing esophageal intubation if it is performed in the oblique or lat-
eral position.2 Exhaled carbon dioxide measurement, either by colorimetric disposable devices,3 or
real-time spectrography, fails in cardiac arrest patients, who may not exhale carbon dioxide.4 All the
methods listed except direct visualization of tube insertion through the glottis require discontinua-
tion of laryngoscopy and an attempt to ventilate using the endotracheal tube. This results in gastric
insufflation if the tube inadvertently lies within the esophageal lumen.5

Early in this decade, a method of rapidly discriminating tracheal from esophageal intubation was de-
scribed which took advantage of an important anatomical difference between the trachea and
esophagus; namely, that air can be aspirated from an endotracheal tube lying with the former but not
the latter. Use of what has been termed an esophageal detector device (EDD) does not require insuf-
flation of the stomach to recognize esophageal intubation.6,7,8,9,10,11,12 The method does, however, re-
quire discontinuation of laryngoscopy and removal of the malleable intubating stylet if one was used.
The device has also been reported to falsely indicate esophageal tube placement following correct tra-
cheal intubation of morbidly obese patients, small children, or in cases where the endotracheal tube is
inserted past the patient’s carina into a mainstem bronchus.13,14,15

Recently, a second generation electronic EDD, termed SCOTI (for Sonometric Confirmation of
Tracheal Intubation), was introduced into medical practice. Like first generation EDDs, it takes ad-
vantage of the anatomical difference between esophagus and trachea, distinguishing an air-filled tra-
chea from a collapsed esophagus and thus obviating the need for discontinuation of laryngoscopy to
confirm correct or incorrect tube placement. In the case of esophageal intubation, this specifically
eliminates the aspiration morbidity associated with gastric insufflation, a necessary step in the tradi-
tional methods used to determine whether an endotracheal tube inadvertently lay in the esophagus.
The SCOTI device, currently marketed in England, Europe, and Canada, measures the energy re-
quired to propagate sound of a selected resonant frequency into an endotracheal tube. Using digital
logic, it is capable of distinguishing the two distinct acoustic environments of an open versus an ob-
structed endotracheal tube tip. This is exactly the method used by first generation EDDs, but is a
marked advance in that it performs and signals an obstructed tube tip (corresponding to inadvertent
esophageal intubation) instantaneously and in real-time, during not following, the actual process of
intubation. Like first generation EDDs, which are simple mechanical suction bulbs, this device
eliminates the potential morbidity-inducing step of test-ventilating a patient to check for inadvertent
esophageal intubation. Unlike these earlier EDDs, however, SCOTI provides instant and real-time
confirmation of tracheal intubation during the actual intubation procedure itself, thereby allowing
intubation to be performed much more rapidly than with any previous method. This is particularly
true in emergency patients, who due to the preexisting morbidity necessitating intubation have criti-
cally depleted physical reserves and thus present a particular challenge to the treating physician.

The SCOTI device is a small battery-operated apparatus which connects to the end of the endotra-
cheal tube during intubation. It produces low frequency sounds and determines whether the attached
endotracheal tube is in the trachea or the esophagus with special algorithms based on impedance of
audio energy through tubing. The result is displayed in three ways; via an LED which turns green
when the tube is in the trachea and red when it is in the esophagus, via a separate continuous audio
signal, and via specific readouts on an LCD screen. Both LED color and audio feedback are updated
several hundred times per second so perceived real-time feedback is instantaneous and continuous
allowing the intubating physician to make many rapid “trial and error” intubation attempts in a few
seconds, a process which would take several minutes without SCOTI. After the intubation SCOTI is
disconnected and the respiration equipment connected. This is the first device which can actually
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provide feedback on endotracheal tube location in real-time while the intubation process is under-
way.

SCOTI is 145 mm x 64 mm x 63 mm and weighs 300 grams. The endotracheal tube is connected
via a flexible disposable tube and bacterial filter to SCOTI, to avoid the risk of contamination be-
tween patients. In addition, the corrugated tube minimizes the weight in the operator’s hand.
SCOTI automatically configures itself to operate with the case-unique endotracheal tube assembly
each time it is utilized. It may be placed by the patient’s head, strapped to the operator’s arm or belt,
or held by an assistant. It is powered by a nine-volt battery which provides several weeks of heavy use.
A low battery indicator is built into the device.

Use of SCOTI involves performance of the following steps:

• SCOTI is connected to the endotracheal tube selected for use in a patient via a disposable length
of corrugated tubing.

• The end-hole and side Murphy eye hole of the endotracheal tube to be used is aseptically oc-
cluded by pinching these closed while the tube is still within its sterile commercial package.

• SCOTI is turned on. “Confirmation” of correct operation is made by observing that the SCOTI
LCD screen reads 00 or 01, the LED glows red, and the external speaker emits a high-pitched,
rapidly beeping tone. This “configuration” step takes approximately two seconds.

• The tube tip and Murphy eye hole are unpinched. A “test” of SCOTI function is performed by
now checking that the LCD gives a reading of at least 22, its LED glows green, and a high-
pitched continuous tone is emitted from the external speaker. This “test” step takes approxi-
mately one second.

• Tracheal intubation is initiated as it would normally be performed, with suction, available Tren-
delenburg positioning, and cricoid pressure. In cases of rapid sequence intubation (RSI), appro-
priate medications are administered to facilitate sedation and paralysis.

• During the process of intubation, attention is also given to the SCOTI auditory signal, LED
color, and LCD screen reading. The visual observations may be noted by an observer.

• Following intubation, the LCD screen reading is noted as a final confirmation of tracheal place-
ment.

• The endotracheal tube is connected to a self-inflating bag or other manual breathing circuit and
the patient is ventilated via the tube.

• Standard methods of confirming endotracheal tube position are used now in conjunction with
the SCOTI observations to reconfirm tracheal placement of the endotracheal tube.

1.3 Previous studies

The technique of Sonomatic Confirmation of Tracheal Intubation has been previously studied at the
John Radcliffe Hospital in Oxford, at St. Bartholomew’s Hospital in London, and at the San Juan de
Diós Hospital in San José, Costa Rica.

The results of the Oxford study were published in the journal, Anesthesia, in 1995.16 [See Appendix
D.] The results of the London study were presented at the World Congress of Anesthesiologists in
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1996.17 The results of the San José study were presented at the annual meeting of the American Soci-
ety of Anesthesiologists in 1994. [See Appendix E.] All three reports have described the method as
useful, but the number of subjects in each study was small and none were conducted in the emer-
gency setting.

1.4 Rationale

SCOTI and the technology it represents has applications for intubation in any setting. However, the
current study puts particular emphasis upon SCOTI application in the emergency setting. Histori-
cally, anesthesiologists have been considered experts in airway management. Indeed, previous SCOTI
human trials have obtained data from the operating theater, where complete control of the clinical
setting was easiest to maintain.

It is, however, the emergency setting where SCOTI has its greatest potential application. Like anes-
thesiologists, emergency medicine physicians must be experts in airway management. The emergency
medicine emphasis, however, is on airway management in the unstable critically ill patient, who has
not the benefit of preoperative fasting, premedication, guaranteed preoxygenation, who may indeed
be combative, and who may present with distorted airway anatomy due to severe trauma. In the op-
erating theater, advanced monitoring equipment such as real-time spectrographic capnometry is
available for each case. In the emergency department, the only equipment for confirmation of endo-
tracheal tube placement may be a stethoscope. Thus, these two settings for advanced airway man-
agement differ fundamentally in their resources, patient populations, and patient conditions.18

Despite its technology, SCOTI is a relatively inexpensive reusable device, built for heavy, repeated,
and rugged use such as is present in the emergency or developing world setting. Estimated cost is un-
der $500 which favorably compares to cost of real-time capnography, the anesthesiology gold-
standard for operating room tube confirmation, of over $50,000. The device is also relatively simple
in its circuitry, owing to an elegant design based upon novel audiosonic physical principles, allowing
it to be housed in a small industrial-duty package.

There are several reasons why SCOTI could be especially useful in the emergency department:

• The sonomatic method is the fastest method of determining the site of endotracheal tube inser-
tion, equaled only by direct visualization of the endotracheal tube tip traversing the glottic orifice
— a highly unreliable method except in the hands of very experienced intubators.

• Patients whose tracheas are intubated in the emergency department typically have not fasted
overnight prior to performance of this procedure. Since sonomatic identification of esophageal
intubation does not entail gastric inflation, this technique reduces the risk of aspiration pneu-
monitis in such patients requiring emergency tracheal intubation. Such aspiration is associated
with high morbidity. (The reported mortality rate for such aspirations has been between 50 and
90 percent.19)

• Patients requiring tracheal intubation in the emergency department often have compromised
pulmonary function, so life-threatening hypoxemia can occur very soon after bag-valve-mask
ventilation is discontinued and performance of tracheal intubation is attempted. Since, with
SCOTI, confirmation of the position of the endotracheal tube tip occurs in real-time as the tube
is inserted, recognition of incorrect tube placement is much more rapid than with any traditional
method of confirming tube position. [See Appendix C for a complete discussion of this issue.] In
less time than would be required for recognition of a single tube placement error using conven-
tional tube confirmation techniques, many such placement errors could be recognized and cor-
rected, using SCOTI.
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• Practitioners who must perform emergency tracheal intubations have fewer opportunities to
practice this technique than practitioners who daily perform this procedure in the operating
room. The time that the sonometric method saves in the detection of erroneous tracheal intuba-
tion could be especially valuable to such caregivers.

• Patients in cardiovascular collapse or full cardiac arrest often do not exhale sufficient carbon di-
oxide to permit reliable confirmation of tracheal intubation by the technique of exhaled cap-
nometry.4,20 In addition, capnometric confirmation has failed to detect endotracheal tubes inad-
vertently placed in the posterior pharynx rather than correctly placed in the trachea.21,22 Since
SCOTI is based on anatomic rather than physiologic parameters, it is superior to exhaled cap-
nometry in confirming the position of an endotracheal tube in such patients.

1.5 Objectives

The current trial follows several human studies and one publication demonstrating SCOTI’s advance
over traditional methods of tube placement confirmation.16 The purpose of this trial is to provide a
definitive database of its utility based on a statistically robust number of uses. It is hypothesized that
SCOTI presents an improvement in patient care, particularly in the emergency setting, for critical
airway management.

Thus, the primary objective of this study is specifically to gather data on the accuracy of SCOTI
when compared to traditional methods of endotracheal tube placement confirmation. A secondary
objective of this study is to gather subjective comments from trial participants, mostly practicing
emergency physicians, on the overall utility of SCOTI for facilitation of patient care in the setting of
emergency airway management. Specific information to be answered from these comments include
the best method of using SCOTI during emergency endotracheal intubation and suggestions for
both hardware and software enhancements.

1.6 Multicenter Collaboration

The current study is a multicenter collaboration of academic centers in the United States and Can-
ada, the bulk of which are comprised of hospital emergency departments. The current list of partici-
pating centers is given in 7.1. This list may be expanded as the study progresses. Identical protocols
and data collection methods will be used simultaneously at each center.
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Study Procedure

2.1 Overview

This is an initial prospective multicenter observational trial designed to gather a large number of
cases comparing SCOTI feedback readings with traditional methods of endotracheal tube placement
confirmation. The estimated enrollment is approximately one thousand patients, and the estimated
period of enrollment is one year, although both of these estimates are dependent on actual site vol-
umes. Data collection will be via an observer present during emergency intubations in the emergency
setting, primarily in hospital emergency departments. No alteration of actual intubation methodol-
ogy is built into this study design, in order that this design may meet FDA criteria for non-significant
risk investigational device classification. Patient enrollment will be automatic, triggered by any indi-
cation for emergency intubation. Because of the emergency nature of the clinical scenario which is
being studied, patients will not be able to provide consent. Thus, waiver of consent is sought below.

2.2 Inclusion Criteria

Subjects will be all patients believed to be 12 years old or older who require tracheal intubation. Ex-
act inclusion age criteria may be altered among participating institutions. The study is primarily con-
ducted on emergency patients presenting in hospital emergency departments. However, inclusion
may also be altered to include patients requiring intubation elsewhere, including the prehospital set-
ting, intensive care units, operating rooms, or other portions of the hospital setting.

2.3 Exclusion Criteria

Subjects who do not require tracheal intubation, or who fall below the age criteria specific to the re-
spective participating institution are excluded from this study.

2.4 Description of Procedures

A patient selected for inclusion in this study will be tracheally intubated exactly as s/he would have
been in other circumstances except that the end of the endotracheal tube to be inserted will have been
connected by a length of corrugated tubing to the SCOTI device capable of distinguishing tracheal
from esophageal intubation on the basis of the acoustical nature of the environment at and just be-
yond the endotracheal tube .

Prior to using SCOTI to discriminate tracheal from esophageal intubation in a patient, the operator
will perform the following steps to ensure that the device is functioning properly and that the sound
pathway is airtight. [See also Appendix F, SCOTI Operator’s Manual]:

•  The operator will connect SCOTI to the endotracheal tube to be used via a disposable sound
pathway consisting of a bacterial filter, a short length of corrugated tubing, and a right-angle el-
bow adapter. If a stylet is to be used, it is also inserted at this point.

•  The operator will aseptically occlude the end and side hole of the endotracheal tube to be used.
This is accomplished by pinching the tube’s two orifices while the tube tip still lies within its
original sterile packaging.

•  The operator will “configure” the device by pressing SCOTI’s “on” button. He will ensure that
the LCD screen reads 00 or 01, the LED glows red, and the external speaker emits a rapidly
beeping, low-pitched tone (indicating that the acoustical condition present at the endotracheal
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tube tip has been studied and will serve as the model for esophageal tube placement). Time for
completion of this step is normally about two seconds.

•  The operator will “test” the device by unpinching the tube tip and Murphy eye, removing the
tube tip from its commercial package, and ensuring that SCOTI’s LCD gives a reading of at least
22, SCOTI’s LED glows green, and its external speaker emits a continuous high-pitched tone
(indicating that the acoustical condition present at the endotracheal tube tip is perceived to be
compatible with tracheal intubation). Time for its completion is normally less than one second.

Following device “configuration” and “test,” the operator will perform tracheal intubation. If the
intubation is being performed as the culminating step of a rapid sequence intubation technique, the
emergency department’s standard protocol for performing this procedure will be used.

During insertion of the endotracheal tube, an observer will note the information being presented by
SCOTI’s external speaker, LED, and LCD. This observer will record SCOTI’s LCD reading once
the endotracheal tube has been inserted to the appropriate depth, using the data collection sheet.

•  If SCOTI indicates tracheal intubation (high-pitched, continuous tone from external speaker,
green LED, LCD reading 22 or more), an attempt is next made to ventilate the patient using the
tube. Tube position is then confirmed by traditional methods. These include auscultation of
breath sounds, use of an esophageal detector device other than SCOTI, use of a disposable col-
orimetric CO2 detector, pulse oximetry, chest radiography, and real-time capnometry.

•  If SCOTI indicates esophageal (low-pitched rapidly beeping tone, red LED, LCD 15 or less) or
indeterminate (intermediate-pitched beeping tone, LED yellow, LCD 15-21) placement of the
endotracheal tube, the operator (or, in the case of a resident physician, the supervising attending
physician) will decide whether or not to attempt to ventilate the patient using the endotracheal
tube as currently positioned.

The physician responsible for the care of the patient being intubated will at all times retain full con-
trol of the authority to continue using or discontinue using SCOTI. If SCOTI continues to be used,
the observer will continue to collect data on SCOTI’s performance during each intubation attempt.

SCOTI’s performance will also be studied in patients in whom resuscitation was unsuccessful. So-
nomatic measurements will be taken in such patients using the endotracheal tube that was inserted
during the resuscitation effort. In addition, SCOTI measurements will be taken following insertion
of the tracheal tube into the esophagus. In these patients, additional data to be obtained from the en-
dotracheal tube in position will include SCOTI measurements taken with the tube tip in the mid
trachea, in a mainstem bronchus, and just beyond the glottic opening. Data to be obtained from the
endotracheal tube inserted into the patient’s esophagus will include measurements with the endotra-
cheal tube at 15, 20, and 25 cm past the patient’s incisors.

2.6 Time Frame

The estimated study period is one year, depending on the volume of enrollment.
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Data Collection

3.1 Case Data

• Data to be collected are tabulated in the Data Collection Sheet [Appendix B]. Nine categories of
data collection are included and are detailed below.

• Data collector information: initials of the intubating practitioner (with professional level) and
data recorder.

• Patient information: patient number (for FDA use), gender, age, weight, height, and general
physique.

• Place of intubation.

• Indications for intubation.

• Intubation data: spontaneous breathing during intubation, medications used for intubation, en-
dotracheal tube size, presence and size of nasogastric tube, presence and size of stylet.

• Method of final confirmation of endotracheal tube placement in the trachea.

• SCOTI calibration data.

• Live patient SCOTI data: LCD readings taken during intubation, space reserved for comments.

• Recently deceased patient SCOTI data: LCD readings taken from the trachea and esophagus in
patients unsuccessfully resuscitated, space reserved for comments.

3.2 Data Collection and Monitoring

Data gathered at each site will be sent as it is collected to the Data Coordinating Center (currently,
Mount Auburn Hospital, Cambridge). Data tracking and analysis will be performed as the study
progresses, and will be available to the study investigators via the Internet.
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Statistical Considerations

4.1 General Design Issues

Design of this study is prospective and observational. The intent of design was to provide parallel
data from the SCOTI device during actual emergency intubations without changing the process of
intubation. Standard methods of tube placement confirmation are utilized for final determination of
tube position. By directly comparing these parallel data arms, the accuracy and overall utility of
SCOTI will be determined.

4.2 Sample Size

Approximately one thousand patients will be enrolled.

4.3 Data Analysis

During the study initial data analysis will be available to all investigators via the Internet. This analy-
sis will include nonparametric examination of the range of SCOTI readings consistent with esophag-
eal or endotracheal tube placement. In addition, a continuous listing of SCOTI accuracy statistics
compared to a standard of traditional confirmation methods will be made available to all investiga-
tors.

Final data examination will involve parametric and nonparametric statistical analysis on all data col-
lected. Based on available evidence that SCOTI is an accurate method in most patients, the most
useful data will be the incidence of erroneous or indeterminate device readings when compared to
traditional methods of endotracheal tube placement confirmation.
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Human Subjects

5.1 Institutional Review Board

This protocol as well as any subsequent modifications will be reviewed by the institutional review
board (IRB) of each participating center. IRB approval will be received before initiation of the study
at each site. In addition, the study will be conducted in accordance to the Declaration of Helsinki
guidelines for human subject research.23

The intent of the study design was to provide parallel data from the SCOTI device during emergency
intubations without changing the actual process of intubation, qualifying it by means of its non-
invasive nature as a non-significant risk device, and the study as a minimal risk investigation. Because
this study does not involve any change in patient care, it meets “minimal risk” criteria and should
undergo expedited IRB review.

5.2 Potential Risks and Benefits

For patients requiring intubation in the emergency department, the alternative to participation of the
study is to undergo tracheal intubation without using SCOTI, using currently available methods of
endotracheal tube position confirmation.

Patients enrolled in this study may benefit from use SCOTI for the reasons stated in sections 1.2 and
1.4.

Potential disadvantages to participation include the following:

• Cross-contamination of patients with respiratory pathogens. This problem should be completely
prevented by use of a different, clean, new disposable sound pathway in each patient.

• Erroneous determination of endotracheal tube position. There should be no adverse consequence
of such an error since SCOTI will be used only to make a preliminary determination of the po-
sition of the endotracheal tube while it is being inserted. The information supplied by SCOTI is
unique in that no other monitoring device is able to provide preliminary determination of tube
position during the process of intubation. Any such information should aid, rather than compli-
cate, intubation, especially in difficult cases where direct visualization of vocal cords is impossi-
ble. Final determination of tube placement will rely on standard non-SCOTI methods currently
in use and considered standard of care.

• Harmful delay in tracheal intubation due to inclusion in the study. This risk is minimal, for two
reasons. First, data collection during intubation will not be performed by the intubating practi-
tioner but by an observer. Second, the time required to configure and test SCOTI is only a few
seconds (see section 2.4). If unforeseen delays due to SCOTI present themselves, and these de-
lays are judged potentially harmful to the patient by the treating physician, SCOTI will not be
used during the case in question.

5.3 Patient Confidentiality and Release of Information

The results of the study will be published. The privacy of subjects enrolled will be protected and
subjects will not be identified in any way. The medical records related to this study, however, are
available to the Food and Drug Administration.

5.4 Waiver of Informed Consent



Research Protocol: SCOTI Evaluation Page 11

The circumstances under which endotracheal intubation is performed in the emergency department
rarely permit the procurement of fully informed consent. The method by which tracheal intubation
is performed in a patient will not be materially altered by the patient’s inclusion in this study and, as
indicated by previous studies, patients enrolled in the study are likely to benefit from the more rapid
confirmation of endotracheal tube position possible from use of the sonomatic method. This is with
particular regard to the risk of arterial oxygen desaturation and aspiration pneumonitis, which are
presently high risks using traditional methods of tube confirmation alone. Because of the study de-
sign, no patient enrolled in this study should experience delay in endotracheal intubation or tube
confirmation. Thus, the request has been made to the IRB that the requirement for obtaining in-
formed consent for participation in this study from either the patient to be intubated or any member
of the patient’s family be waived. The treating physician will instead make the determination as to
whether any individual patient is a candidate for enrollment in the study.

The FDA has recently approved such waiver of informed consent for emergency and critical care re-
search involving human subjects. [See Appendix I.]
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Investigational Device Considerations

6.1 Institutional Review Board

As stated in section 5.1, this protocol as well as any subsequent modifications will be reviewed by the
institutional review board (IRB) of each participating center. IRB approval will be received before
initiation of the study at each site.

6.2 Nonsignificant Risk Device

The SCOTI device is approved in Europe and Canada for patient use. It is, however, still considered
an investigational device in the United States. As such, it meets FDA criteria for a “nonsignificant
risk” (NSR) device.

As defined by the FDA, “an NSR device investigation is one that does not meet the definition for a
significant risk study.” [See Appendix G.] A “significant risk” (SR) device study is defined “as a study
of a device that presents a potential for serious risk to the health, safety, or welfare of a subject and
(1) is an implant; or (2) is used in supporting or sustaining human life; or (3) is of substantial im-
portance in diagnosing, curing, mitigating or treating disease, or otherwise prevents impairment of
human health; or (4) otherwise presents a potential for serious risk to the health, safety, or welfare of
a subject.”

SCOTI meets none of these state SR criteria, and thus qualifies as an NSR study device.

6.3 IDE Documentation and Procedures

In addition, SCOTI meets FDA criteria for “exempted investigations” as detailed in FDA Investiga-
tional Device Exemptions Document 21 CFR �812.2(c) Exempted investigations [Appendix H],
which gives among other criteria, the following criteria for exemption from Investigational Device
Exemptions (IDE) classification:

(3) A diagnostic device, if the sponsor complies with applicable requirements in 21 CFR �809.10(c)
and if the testing:
(i) Is noninvasive,
(ii) Does not require an invasive sampling procedure that presents significant risk,
(iii) Does not by design or intention introduce energy into a subject, and
(iv) Is not used as a diagnostic procedure without confirmation of the diagnosis by another,

medically established diagnostic product or procedure.

In light of the multicenter nature of this study, it is conceivable that certain IRBs will grant this
study “exempted investigation” classification, while others may grant “nonsignificant risk” study clas-
sification. Documentation will be maintained at the NSR level required by the FDA, termed the
“Abbreviated IDE requirements” and outlined in 21 CFR �812.2(b) [Appendix G]. An IDE appli-
cation along with required study monitoring documentation was prepared for this study by Allied
Health, Inc., a former manufacturer of this device, and is currently administered by the principal in-
vestigators. As this study has been designed as an NSR investigation, documentation is maintained
primarily for unanticipated adverse effects and potential FDA monitoring.

Centers whose IRBs are unable to approve NSR or “exempted investigation” classification will be
dropped from the study, in order to maintain uniformity in data collection and study protocols.
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Study Organization

7.1 SCOTI working group and Site Information

Manitoba: University of Manitoba Health Sciences Centre (Doug Eyolfson, MD; Atul Kapur, MD(
Massachusetts: Mount Auburn Hospital (James Li, MD)
Minnesota: Hennepin County Medical Center (Richard Gray, MD)
Missouri: St. John’s Regional Health Center (Alan Clark, MD)
New York: The Brooklyn Hospital Center (Phil McPherson, MD; Barry Brenner, MD PhD)
Ohio: Akron General Hospital (Lynn White, MS)

7.2 Data Coordinating Center

Mount Auburn Hospital in Cambridge will function as data coordinating center. Contact informa-
tion for the primary study principal investigator follows.

James Li, MD
Department of Emergency Medicine
Mount Auburn Hospital
330 Mount Auburn Street
Cambridge, MA 02238

Phone 800/895-4318
Fax 617/725-0531
E-mail jamesli@warren.med.harvard.edu

7.3 Writing Committee

The study principal investigator will select the members of this committee and chair its conference
calls.

7.4 Publications and Authorship

The primary paper will be written by the Writing Committee (section 7.3) and will be authored by
“The SCOTI Working Group.” At the end of the paper, the study committees will be noted, along
with all collaborating sites and investigators. Investigators’ names will be presented in alphabetical
order by state using the following format:

State: Hospital (name of investigator, names of co-investigators, coordinator; number of enrolled
subjects)...

Sites with one hospital may name up to four investigators (including the site’s principal investigator),
whereas sites with two affiliated hospitals may name up to five investigators (including the site’s prin-
cipal investigator).

For secondary publications, the individuals proposing the idea will be listed by name, with author-
ship order determined by the site investigator. The primary study investigator and leader of the data
coordinating center will be the final author of secondary papers, which will be written “on behalf of
the SCOTI Working Group.” The reader will be referred to the primary paper for the complete list
of participating sites and investigators. This approach is fair since it shares credit between numerous
sites but also acknowledges those individuals who made the extra contribution required to complete a
secondary analysis.
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7.5 Financial Information

Equipment for the study will be provided by Dr. Heart Akerson, a private individual and inventor of
the device. Principal investigators involved in this study are not employees of Dr. Akerson and have
neither financial interest in the outcome of this study nor are being paid by Dr. Akerson for partici-
pation.

Participation in this study, for enrollees, will not result in any extra charges above and beyond those
routinely incurred by patients with similar illnesses. Because of the non-invasive and observational
nature of this study, complications are not anticipated. However, costs of study-related unforeseen
complications must be met by the subject.

7.6 Non-negligent Liability

Because this is an observational non-invasive study, there should be no ground for lawsuits resulting
from participation in this multicenter study. The principal investigators will not be liable for any in-
juries resulting from medical negligence.



Research Protocol: SCOTI Evaluation Page 15

                                                          

References

1 Mizutani AR, Ozaki G, Benumof JL, et al. Auscultation cannot distinguish esophageal from tracheal passage
of tube. J Clin Monit. 1991;7:232-6.

2 Smith GM, Reed JC, Choplin RH. Radiographic detection of esophageal malpositioning of endotracheal
tubes. AJR Am J Roentgenol. 1990; 154: 23-26.

3 Goldberg JS, Rawle PR, Zehnder JL, et al. Colorimetric end-tidal carbon dioxide monitoring for tracheal
intubation. Anesth Analg. 1990;70: 19119-4.

4 Bhende MS, Thompson AE, Cook DR, et al. Validity of a disposable end-tidal CO2 detector in verifying
endotracheal tube placement in infants and children. Ann Emerg Med. 1992; 21: 142-145.

5 Fuerst RS. Gastric inflation in the unintubated patient. Ann Emerg Med. 1992:21;636.
6 Foutch RG, Magelssen MD, MacMillan JG. The esophageal detector device: a rapid and accurate method

for assessing tracheal versus esophageal intubation in a porcine model. Ann Emerg Med. 1992;21:1073-
1076.

7 Marley CD Jr, Eitel DR, Anderson TE, et al. Evaluation of a prototype esophageal detection device. Acad
Emerg Med. 1995;2:503-507.

8 Wafai Y, Salem MR, Baraka A, et al. Effectiveness of the self-inflating bulb for verification of proper place-
ment of the Esophageal Tracheal Combitube. Anesth Analg. 1995;80: 122-126.

9 Jenkins WA, Verdile VP, Paris PM. The syringe aspiration technique to verify endotracheal tube position.
Am J Emerg Med. 1994;12:413-416.

10 Salem MR, Wafai Y, Baraka A. Use of the self-inflating bulb for detecting esophageal intubation after “eso-
phageal ventilation.” Anesth Analg. 1993;77:1227-31.

11 Salem MR, Wafai Y, Joseph NJ, et al. Efficacy of the self-inflating bulb in detecting esophageal intubation.
Does the presence of a nasogastric tube or cuff deflation make a difference? Anesthesiology. 1994;80: 42-
48.

12 Zaleski L, Abello D, Gold MI. The esophageal detector device. Does it work? Anesthesiology. 1993;79:
244-247.

13 Wafai Y, Salem MR, Joseph NJ, et al. The self-inflating bulb for confirmation of tracheal intubation: inci-
dence and demography of false negatives [abstract]. Anesthesiology. 1994;81:A1303.

14 Lang DJ, Wafai Y, Salem MR, et al.  Efficacy of the self-inflating bulb in confirming tracheal intubation in
the morbidly obese. Anesthesiology. 1996;85:246-253.

15 Heidegger T, Heim C. Esophageal detector device: not always reliable. Ann of Emerg Med. 1996;28:582.
16 Murray D, Ward ME, Sear JW. SCOTI — A new device for identification of tracheal intubation. Anaes-

thesia. 1995;50:1062-1064.
17 Martin B, Wheatley E. Clinical evaluation of the ‘Sonar Confirmation of Tracheal Intubation’ device. Elev-

enth World Congress of Anaesthesiologists Abstracts. Sydney, Australia. 1996.
18 Walls RM. Rapid-sequence intubation comes of age. Ann Emerg Med. 1996;28:79-81.
19 Scientific American Medicine. 1994:7:XX;7 and Rosen’s Emergency Medicine. 1992:1118.
20 Bozeman WB, Hexter D, Liang HK, et al. Esophageal detector device versus detection of end-tidal carbon

dioxide level in emergency intubation. Ann Emerg Med May 1996;27:595-599.
21 Montauk L, Michaels AD, Barsotti M, et al. False-positive end-tidal CO2. Ann Emerg Med. 1996;28:458-

459.
22 Macleod BA, Heller MB, Gerard J, et al. Verification of endotracheal tube placement with colorimetric

end-tidal CO2 detection. Ann Emerg Med. 1991;20:267-270.
23 41st World Medical Assembly. Declaration of Helsinki: recommendations guiding physicians in biomedi-

cal research involving human subjects. Bull Pan Am Health Organ. 1990;24:606-609.



Appendices


