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Study objective: To determine the incidence of unrecognized,
misplaced endotracheal tubes inserted by paramedics in a large
urban, decentralized emergency medical services (EMS) system.

Methods: We conducted a prospective, observational study of
patients intubated in the field by paramedics before emergency
department arrival. During an 8-month period, emergency
physicians assessed tube position at ED arrival using a combi-
nation of auscultation, end-tidal carbon dioxide (ETCO,) moni-
toring, and direct laryngoscopy.

Results: A total of 108 intubated patients were studied. On
arrival in the ED, 25% (27/108) of patients were found to have
improperly placed endotracheal tubes. Of the misplaced tubes,
67% (18/27) were found to be in the esophagus, whereas in
33% (9/27), the tip of the tube was found to be in the hypo-
pharynx, above the vocal cords. Of the patients with misplaced
tubes noted in the hypopharynx, 33% (3/9) died while in the
ED. For the patients found to have tubes in the hypopharynx,
56% (5/9) had evidence of ETCO, on ED arrival. For the patients
found to have esophageal tube placement on ED arrival, 56%
(10/18) died in the ED. Esophageal intubation was associated
with an absence of expired CO, (17/18, 94%) on ED arrival. The
singe patient in this subset with a recordable ETCO, had been
nasotracheally intubated with the tip of the endotracheal tube
noted in the esophagus while spontaneous respirations were
present. On patient arrival to the ED, 63% (68/108) of the
patients had direct laryngoscopy in addition to ETCO, determi-
nation. All patients had ETCO, evaluation performed on arrival.
All patients in whom an absence of ETCO, was demonstrated
on patient arrival underwent direct laryngoscopy. In cases in
which direct laryngoscopy was not performed, the attending
physician documented the ETCO, in conjunction with the pres-
ence of bilateral breath sounds.
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Conclusion: The incidence of out-of-hospital, unrecognized,
misplaced endotracheal tubes in our community is excessively
high and may be reflective of the incidence occurring in other
communities. Data from other communities are needed to clar-
ify the scope of this alarming issue.

[Katz SH, Falk JL. Misplaced endotracheal tubes by paramedics
in an urban emergency medical services system. Ann Emerg
Med. January 2001;37:32-37 ]

INTRODUCTION

Placement of endotracheal tubes (ETTs) in the field by
paramedicsis a well-accepted out-of-hospital procedure
used to obtain definitive airway control. Several studies
have reported the incidence of unrecognized, misplaced
endotracheal intubations in the field to be low, typically
1% to 5%* (Table 1). In the majority of these studies,
verification of tube placement was performed in the field.
It was our clinical impression before conducting our study
that the incidence of patients with misplaced ETTs on
arrival to our emergency department was substantially
higher than that reported in the literature. To our knowl-
edge, no study had investigated the actual incidence of
misplaced ETTs on patient arrival toan ED.

The literature has addressed the utility of confirma-
tory devices to verify ETT position.®>3 Although well
accepted as the standard of care by anesthesiologists in
the operating room,'° the role of end-tidal carbon diox-
ide (ETCO,) devices hasnot gained universal accep-
tance in the out-of-hospital setting.®- The purpose of
our study was to determine the incidence of unrecog-
nized misplaced ETTs that had been inserted in the
field, in an emergency medical services (EMS) commu-
nity in which ETCO, monitoring was not consistently
used.

Table 1.
Rate of misplaced endotracheal intubations in the field by
paramedics as demonstrated in previous studies.

No. of Intubations Misplaced

Author(s) (Misplaced/Total) Intubations (%)
Jenkins et al’ 2/39 5.1
Bozeman et al? 1/100 1

Stewart et al® 3/779 0.4

Sayre et al* 3/103 29
Pointer® 5/383 1.3

MATERIALS AND METHODS

This study was conducted at an urban, Level I trauma
center teaching hospital between May 1, 1997, and
December 31, 1997. Our purpose was to assess the inci-
dence of unrecognized, misplaced ETTs inserted by
paramedicsin an urban, decentralized EMS system. The
institutional review committee determined that patient
consent was unnecessary because of the observational
and quality assurance nature of the project.

The county EMS system used a 2-tiered response with
multiple providers (Table 2). Medical direction of the sys-
tem was provided by a part-time county EMS medical
director who was assisted by 2 associate medical direc-
tors. At the time of our study, the county medical director
was a practicing community internist who had been an
associate director for many years. The medical director’s
position was funded at a part-time (approximately 20
h/wk) level. The director had no direct line authority over
paramedics operating in the system. Rather, their command
structure derived from each individual agency. Protocols
for care within the county were developed and approved
by a physician advisory council with representatives from
all the EDs and provider agencies. The small administra-
tive staff worked for the Orange County government in
the Department of Health and Family Services. Each pro-
vider agency operating within the county was responsible
forits own educational and quality assessment activities.
Paramedics received no specialized or additional airway
training except that required for initial certification. There
was no required retraining in endotracheal intubation,
other than maintaining advanced cardiac life support cer-
tification, which required successful completion of the
airway station, including intubation of a mannequin.
Provider agencies were not required to track the number
ofintubations each paramedic performed per year, nor

Table 2.
Providers of EMS in Orange County, FL.

*(Qrange County Fire & Rescue Division
*8 Municipal fire departments

/4 Hospital ambulance services

1 Private ambulance service

3 Aeromedical services

o1 Advanced life support stand-by service
1 Basic life support stand-by service
15 Nonemergency paratransit services
*9 Hospital EDs

JANUARY 2001 37:1 ANNALS OF EMERGENCY MEDICINE

33



MISPLACED ENDOTRACHEAL TUBES
Katz & Falk

did they mandate any specific airway retraining require-
ment. At the time of the study, there were approximately
650 actively working paramedics among all the provider
agencies servicing a population of approximately 850,000.
Neither Orange County nor the provider agencies were
able to determine the total number of intubations per-
formed per year or the number performed per paramedic.

AllETTs placed by paramedics during the study period
in patients transported to our ED were immediately eval-
uated by a senior emergency medicine resident and at-
tending physician. A standardized form was completed
by the physician indicating tube location and method of
verification. All patients admitted to the ED and intubated
by paramedics were included in the study. The depart-
ment’s research nurse monitored EMS logs on a daily basis
to ensure that no potential subjects were excluded from
the study. If a potential subject had been missed, a re-
search sheet was completed by the physician within 48
hours.

Evaluation of ETT placement was performed at the
time of arrival to the department in the following manner.
Without exception, each tube was evaluated for ETCO,
with a semiquantitative colorimetric device or infrared
CO, detector providing an expired CO, capnograph.
Auscultation of the chest and epigastrium was immedi-
ately performed. If the tube was clearly misplaced (ie, epi-
gastric sounds or vomitus via the endotracheal tube), it
was removed and the intubation was considered “esopha-
geal.” If the tube was not obviously misplaced, an ETCO,
monitoring device was attached to the tube and direct
laryngoscopy was performed as appropriate at the discre-
tion of the attending emergency physician. If the tube was
visualized passing between the vocal cords, the intuba-
tion was considered “endotracheal.” Alternatively, if both
bilateral breath sounds and positive ETCO, waveform
were present, and tube depth by marker was appropriate,
tubes were deemed to be endotracheally placed by the
attending physician. In all other cases, the tube was con-
sidered to be misplaced. Misplaced tubes were catego-
rized as beingin the hypopharynx if the tip of the tube
was seen above the vocal cords, and esophageal if the tip
of the tube was clearly in the esophagus.

RESULTS

The study patientsincluded the 108 intubated patients
who were brought by paramedics to the ED during the 8-
month study period. On 2 occasions, study forms were
completed the next day after review of the ED patient log
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by the research nurse revealed the absence of completed
study forms. Direct laryngoscopy was used to evaluate
63% (68/108) of the tubes. In43% (35/81) of the cases,
tubes were deemed to be endotracheally placed by virtue
of the presence of bilateral breath sounds, appropriate
depth of placement by tube marker, and positive capno-
graphic data, without direct laryngoscopy. Medical
patients comprised 52% (56) of the group, whereas 48%
(52) were trauma patients with cervical spine immobi-
lization. The overall rate of improperly placed ETTs was
25% (27/108; Figure). Eleven (10%) of the 108 patients
were 17 years or younger. Esophageal placement was
presentin 17% (18/108) and accounted for two thirds of
the misplaced tubes. In 8% (9/108) of cases, the tip of the
ETT was found to be in the hypopharynx, accounting for
the remaining one third of misplaced tubes.

Trauma patients were significantly more likely to have
misplaced ETTs than medical patients (37% versus 14%,
P<.01). With one exception, all the patients found to have
esophageal tube placement exhibited the absence of ETCO,
on patient arrival. In the exception, the patient was found
to be breathing spontaneously despite anasotracheal tube
placed in the esophagus. In the group of patients found to
have tube placement in the hypopharynx, 44.4% (4/9)
exhibited the absence of ETCO, on patient arrival. In the
endotracheal group, 17.3% (19/81) showed the absence
of ETCO, on patientarrival. In each of these cases, asys-
tole was present, there was no pulse, and return of spon-

Figure.
Misplaced endotracheal tubes. "P<.01 trauma versus medical.

Total patients
108
Trauma Medical
52 (48%) 56 (52%)
) N Misplaced ETTs )
Misplaced ‘ Misplaced
‘ 27 (25%) ‘
19/52 (37%) 8/56 (14%)
Esophagus Hypopharynx
18/27 (67%) 9/27 (33%)
18/108 (17%) 9/108 (8%)
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taneous circulation was never achieved despite appropri-
ate tube placement verified laryngoscopically.

DISCUSSION

The incidence of unrecognized, misplaced endotracheal
intubations in the present study is alarming, and substan-
tially higher than in previously reported series. We be-
lieve there may be several explanations for this discrep-
ancy. All of the previously published series!-> were
conducted in EMS systems directed by academic EMS
directors with tightly controlled oversight of paramedic
training and practice. Evaluation occurred in the field
with researchers present during the procedures. Eligible
patients included only selected subsets of the total intu-
bated populations. In the previous studies, the status of
tube position at EDD arrival was not reported.

Inan early study that fostered the proliferation of out-
of-hospital endotracheal intubations, Stewart et al®
demonstrated a greater than 90% success rate for field
intubationsin 779 patients. In 1.8% of cases, tubes were
placed inanincorrect position. In21% (3/14) of these
episodes, the incorrect positioning of the tube went
unrecognized. Only adult patients in cardiac arrest or in
deep coma without gag reflex were included in this study.
Patientsin cervical immobilization devices and children
were excluded from the study group. Pelucio etal'?
recently demonstrated an esophageal intubation rate of
6% before the application of an esophageal detection
device ina study evaluating the accuracy of the esopha-
geal detection device for field detection of esophageal
intubations. Children were excluded from the study, as
were adults in whom the paramedic was “uncertain” of
the esophageal detection device reading. Our study, in
contrast, included all patients intubated in the field with-
out exclusions.

Endotracheal intubation is a psychomotor skill. Even
under ideal conditions with the procedure performed by
qualified anesthesiologists, it may be difficult to recog-
nize esophageal intubations.!? Adverse conditions in the
field may make intubation even more difficult thanina
hospital setting. Skill levels of various paramedic pro-
viders within a community may differ sharply.2©
Assessing tube position after intubation in this setting
requires rigorous training and adherence to proto-
col.t1-16 Standard physical assessment techniques for
verifying tube placement may be unreliable.2-1+.17
Auscultation over the chest can fail to detect esophageal
placementin 15% of patients, and fogging of the tube has
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been shown to be present in 85% of esophageal intuba-
tions.!*

ETCO, monitoring is routinely used by anesthesiolo-
gists to verify proper ETT position. Since 1990, the Ameri-
can Society of Anesthesiologists has considered this to be
the standard of care in the operating room, and has now
extended that standard to include all anesthetic practice
irrespective of geographic location.1® Although gaining
acceptance among emergency physicians in recent years,
ETCO, verification of tube placement has not yet become
the standard of care in the ED. '8 Ironically, in the out-of-
hospital setting, where reliable techniques to verify proper
tube placement are needed most, use of ETCO, monitor-
inghasbeen limited. There are, however, examples of
EMS systems throughout the country in which routine
use of ETCO, monitors for verification of tube placement
has contributed to the virtual elimination of the problem
of unrecognized, misplaced ETTs.2*

The rate of unrecognized, misplaced ETTs found in
our community is alarmingly high. There are several fac-
tors that may have contributed to this problem. Despite
written protocols requiring the out-of-hospital use of
ETCO, devices in our community, we anecdotally found
their use to be sporadic. To avoid the Hawthorne effect,
we chose not to query paramedics regarding verification
techniques used in the field. Accordingly, we were unable
to document the frequency of field ETCO, device use
during the study period. This is certainly a limitation of
the study. We believe that routine use of this technique,
both at the time of intubation and as an ongoing monitor
during transport, could potentially eliminate the prob-
lem of unrecognized misplaced ETT placement. An ade-
quate continuous quality improvement system to iden-
tify individual paramedics inneed of retraining and to
identify the presence of this problem was not in effect
during the study period.

Our data may differ from data in the EMS literature
because thisis one of the few studies undertaken in an
EMS system not organized and run by academic emer-
gency physicians with strong out-of-hospital care train-
ingand interest. No one is comfortable in reporting diffi-
culty and poor performance in patient care activities.
These data may be reflective of an unspoken, pervasive
national problem in serious need of attention. Accord-
ingly, we urge our colleagues across the country to review
their experience in their own communities.

We have shared these data with the physicians, admin-
istrators, and politicians responsible for the EMS system
in our community in an attempt to foster positive changes.
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Animmediate, aggressive educational program was under-
taken by the county EMS staff with all of the provider
agencies reviewing intubation techniques and techniques
to confirm proper tube placement. An aggressive quality
assurance program along with these efforts appears to
have improved the immediate situation.

Afollow-up study to document the improvement has
been undertaken by the county with the cooperation of
the provider agencies. The county board of supervisors
has accepted the recommendations of the community
advisory board that had been appointed, in part, in re-
sponse to the concerns raised by our study. Increased
funding for full-time, appropriately credentialed medical
directors providing continuous on-call coverage, full-
time education and continuous quality improvement offi-
cers, and an enhanced authority for the medical directors
were among the approved recommendations in the pro-
cess of being implemented.

Our study has several limitations. Because it was con-
ducted in the ED, rather than in the field where the intu-
bations occurred, we were unable to analyze the cause of
improper tube placement. The consistency of the use of
monitoring devices at the time of the procedure could not
be confirmed. Further, itis possible that properly placed
tubes were dislodged in transport. Functionally, whether
the tubes were misplaced initially or dislodged en route to
the hospital makes little difference to the patient.

Asignificant limitation of the study was the lack of uni-
formity of direct laryngoscopy on all tube verifications.
All but 4 of the tubes deemed to be misplaced were con-
firmed by laryngoscopy. In each of these 4 cases, there was
vomitus in the ETT and absent breath sounds on exami-
nation. The attending physician in each case promptly
removed the tube and replaced it. In each of these cases,
tube placement was deemed esophageal.

Itisuniformly accepted that management of a patient’s
airway in the out-of-hospital setting is a critically impor-
tant function of out-of-hospital providers. Substantial lit-
erature supports the fact that paramedics and basic emer-
gency medical technicians can be trained to perform this
function properly and successfully. Strong medical direc-
tion, a rational organizational structure, the use of ETCO,
and other confirmatory devices for tube placement, as
well as ongoing monitoring and a vigilant continuous
quality improvement system may be critical elements to
ensure that our citizens receive the high-quality out-of-
hospital care they expect and deserve.

36

REFERENCES

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

2. Bozeman WP, Hexter D, Liang HK, et al. Esophageal detector device versus detection of
end-tidal carbon dioxide level in emergency intubation. Ann Emerg Med. 1996;27:595-599.

3. Stewart RD, Paris PM, Winter PM, et al. Field endotracheal intubation by paramedical per-
sonnel. Chest. 1984;85:341-345.

4. Sayre MR, Sackles JC, Mistler AF, et al. Field trial of endotracheal intubation by basic
EMTs. Ann Emerg Med. 1998;31:228-233.

5. Pointer JE. Clinical characteristics of paramedics’ performance of endotracheal intubation.
J Emerg Med. 1988;6:505-509.

6. White SJ, Slovis CM. Inadvertent esophageal intubation in the field; reliance on a fool's
“gold standard” [commentary]. Acad Emerg Med. 1997;4:89-91.

7. Slovis CM, White SJ. Determining the position of an endotracheal tube. Two inexpensive
detection devices may warrant change in guidelines [commentary]. Currents. 1997,8:5-6.

8. Morgan D, Trompler V. Concerns about intubation placement aids [letter]. Acad Emerg Med.
1997;4:928-929.

9. Ginsburg WH. When does a guideline become a standard? The new American Society of
Anesthesiologists guidelines give us a clue. Ann Emerg Med. 1993;22:1891-1896.

10. Standards for Basic Anesthetic Monitoring, American Society of Anesthesiologists, October
1998. Available at: www.asahq.org/standards/02.html.

11. Pelucio M, Halligan L, Dhindsa H. Out-of-hospital experience with the syringe esophageal
detector device. Acad Emerg Med. 1997;4:563-568.

12. Birmingham PK, Cheney FW, Ward RJ. Esophageal intubation: a review of detection tech-
niques. Anesth Analg. 1986;65:886-891.

13. Committee on Trauma, American College of Surgeons. Advanced Trauma Life Support
Course for Physicians. Chicago, IL: American College of Surgeons; 1997.

14. Kelly JJ, Eynon CA, Kaplan JL, et al. Use of tube condensation as an indicator of endotra-
cheal tube placement. Ann Emerg Med. 1998;31:575-578.

15. Schwartz DE, Matthay MA, Cohen NH. Death and other complications of emergency airway
management in critically ill adults. Anesthesiology. 1995;82:367-376.

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

17. Anderson KH, Hald A. Assessing the position of the tracheal tube: the reliability of different
methods. Anesthesia. 1989;44:984-985.

18. Expired carbon dioxide monitoring [ACEP policy statement]. Ann Emerg Med. 1995;25:441.

19. Yap SJ, Morris RW, Pybus DA. Alterations in endotracheal tube position during general
anesthesia. Anesth Crit Care. 1994;22:586-588.

20. Stewart RD, Paris PM, Pelton GH, et al. Effect of varied training techniques on field endo-
tracheal intubation success rates. Ann Emerg Med. 1984;13:1032-1036.

21. Krisanda TJ, Eitel DR, Hess D, et al. An analysis of invasive airway management on a sub-
urban emergency medical services system. Prehosp Disaster Med. 1992;7:121-126.

22. Pepe PE, Copss MD, Joyce TJ. Prehospital endotracheal intubation: rationale for training
emergency medical personnel. Ann Emerg Med. 1985;14:1085-1092.

23. Deleo BC. Endotracheal intubation by rescue squad personnel. Chest. 1984;85:341-345.

24. Wayne MA, Friedland E. Prehospital use of succinylcholine: a 20-year review. Prehosp
Emerg Care. 1999;3:107-109.

25. Macleod BA, Heller MB, Gerard J, et al. Verification of endotracheal tube placement with
colorimetric end tidal CO, detection. Ann Emerg Med. 1981;20:267-270.

26. Vukmir AJ, Heller MB, Stein KL. Confirmation of endotracheal tube placement: a miniatur-
ized infrared qualitative CO, detector. Ann Emerg Med. 1991;20:726-729.

27. Varon AJ, Morrina J, Civetta JM. Clinical utility of a colorimetric end-tidal CO, detector in
cardiopulmonary resuscitation and emergency intubation. J Clin Monit. 1991;7:289-293.

ANNALS OF EMERGENCY MEDICINE 37:1 JANUARY 2001



MISPLACED ENDOTRACHEAL TUBES
Katz & Falk

28. Anton WR. Gordon RW, Jordan TM, et al. A disposable end-tidal CO, detector to verify
endotracheal intubation. Ann Emerg Med. 1991;20:271-275.

29. Goldberg JJ, Rawie PR, Zehnder JL, et al. Colorimetric end tidal carbon dioxide monitoring
for tracheal intubation. Anesth Analg. 1990;70:191-194.

30. Sayah AJ, Peacock WF, Overton DT. End tidal CO, measurement in the detection of
esophageal intubation during cardiac arrest. Ann Emerg Med. 1990;19:857-860.

31. Linko K, Paloheimo M, Tammisto T. Capnography for detection of accidental esophageal
intubation. Acta Anesth Scand. 1983;27:199-202.

32. Murray IP, Modell JH. Early detection of endotracheal tube accidents by monitoring carbon
dioxide in respiratory gas. Anesthesiology. 1983;59:344-346.

33. Sanders AB. Capnometry in emergency medicine. Ann Emerg Med. 1989;18:1287-1290.

JANUARY 2001 37:1 ANNALS OF EMERGENCY MEDICINE

317



