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Efficacy of the Self-inflating Bulb in Detecting

Esopbageal Intubation

Does the Presence of a Nasogastric Tube or Cuff Deflation

Make a Difference?
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Background: The principle underlying the use of the self-
inflating bulb in differentiating esophageal from tracheal in-
tubation is that the trachea is held open by rigid cartilaginous
rings, whereas the esophagus collapses when a negative pres-
sure is applied to its lumen. This investigation was designed
to test the efficacy of the bulb in detecting esophageal intu-
bation in the presence of a nasogastric tube and after tracheal
tube cuff deflation.

Methods: In anesthetized patients, the trachea and esophagus
were intubated with identical tubes. The efficacy of the bulb
was tested after a nasogastric tube was placed (group 1, n =
70) and after cuff deflation (group 2, n = 60) by a second
anesthesiologist.

Results: In patients with nasogastric tubes (group 1), the
anesthesiologists reported no reinflation of the compressed
bulbs connected to tubes placed in the esophagus and imme-
diate reinflation when connected to tracheally placed tubes
in every case. In group 2, the determination of tube placement
was correct in every case after cuff deflation. Mean (+ SEM)
negative pressures generated when compressed bulbs were
connected to esophageally placed tubes were 57.8 = 0.48 mmHg
(group 1) and 55.3 + 0.52 mmHg (group 2) and remained un-
changed after the introduction of nasogastric tubes or after
cuff deflation.
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Conclusions: These results confirm that a nasogastric tube
or cuff deflation does not interfere with the reliability of the 3
self-inflating bulb in detecting esophageal intubation and thus é
does not contribute to false positive results. Confirmation of%
tracheal tube placement by this simple method makes it ideali
for use with other recognized methods both in and outsideg
the operating rooms and enables physicians and emergency2
personnel to proceed with other resuscitative measures. (Key%
words: Equipment: nasogastric tube; self-inflating bulb; tubes, 2
tracheal. Intubation: esophageal; tracheal. )
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THE use of the self-inflating bulb in differentiating=
esophageal from tracheal intubation is based on theg
principle of the “‘esophageal detector” devised by@
Wee.! The principle underlying the use of the device3
is that the trachea is held open by rigid cartilaginous%
rings, whereas the esophagus readily collapses when ag
negative pressure is applied to its lumen. Thus, wheng
a 60-ml syringe is attached to a tube correctly plzlcedé"
in the trachea, withdrawal of the plunger of the syringc{og
will aspirate gas from the patient’s lungs without anys
resistance,'? If the tube is placed in the nonrigid
esophagus, however, withdrawal of the plunger wilk
create a negative pressure, occluding the csophugealzi
lumen around the tube, and resistance will be felt whemn
the plunger is pulled back.

Nunn?® modified the technique by replacing the sy
ringe with a self-inflating bulb (Ellick’s evacuator). This
modification simplified the technique while maintain-
ing its reliability.” The device is connected to the tra-
cheal tube and the bulb compressed. Compression is
silent and refilling is instantancous if the tube is in the
trachea. In contrast, if the tube is in the esophagus,
compression of the bulb is accompanied by a charac-
teristic flatuslike noise, and the bulb remains collapsed
on release of pressure.” This technique has been sim-
plified further by the squeezing of the bulb before,
rather than after, connection to the tracheal tube con-
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nector.® Using the latter technique in a recent study,
Zaleski et al.® found that in 500 instances of tracheal
intubation, bulb reinflation and the capnogram always
agreed, whereas the compressed bulb did not reinflate
inall 181 instances of esophageal intubation. The sen-
sitivity, specificity, and predictive value in their study
was 100%, thus confirming earlier studies.™’

Despite the efficacy of the esophageal detector device
and the self-inflating bulb in differentiating esophageal
from trachcal intubation, false negative results (when
the tube is in trachea, but gas cannot be aspirated by
the syringe or the bulb does not reinflace) have been
reported.” ' It also is conceivable that false positive
results (when the tube is in the esophagus, but the
bulb reinflates) may occur in the following situations:
gastric insufflation after bag-and-mask ventilation before
intubation; in the presence of a nasogastric tube; and
when the tracheal tube cuff is deflated. The current
investigation was designed specifically to test the effi-
cacy of the self-inflating bulb in differentiating esoph-
ageal from tracheal intubation (1) when a nasogastric
tube is present and (2) when the tracheal tube cuff is
deflated.

Materials and Methods

With institutional review board approval, 130 con-
senting ASA physical status 1 patients between the ages
of 16 and 58 yr who were scheduled to undergo elec-
tive surgical procedures requiring tracheal intubation
were included in the study. They gave no history
suggestive of drug allergy, and none had clinical evi-
dence of cardiovascular, respiratory, or gastroesopha-
geal disease. All anesthesiologists involved in the care
of these patients cooperated in this prospective study.
A number of self-inflating bulbs (capacity 75 ml, Pre-
mium Plastic, Chicago, IL) fitted with standard 15-mm
adapters were prepared beforehand (fig. 1). The de-
vices were checked for airtightness before use by con-
necting the compressed bulb to a clamped tracheal
tube; the absence of reinflation was an indication of
airtightness.

After a peripheral intravenous catheter was inserted,
fentanyl 50-100 ug and midazolam 1-2 mg were given.
Routine monitoring was used and included pulse ox-
imetry. After oxygenation of the patient’s lungs, p-tu-
bocurarine 3—4 mg was given. After 2—-3 min, anesthesia
was induced with a thiopental-succinylcholine se-
quence. The trachea was intubated with cither a 7.0-
or a 7.5-mm (ID) disposable (Mallinckrodt Anesthe-
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Fig. 1. The self-inflating bulb fitted with a standard 15-mm
adapter.
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siology, St. Louis, MO) Murphy-eye tracheal tube under
direct-vision rigid laryngoscopy and the cuff inflate
until no leak was detected at 25 ¢cmH,0. Before initi-g
ation of controlled ventilation, the compressed selfg
inflating bulb was attached to the tracheal tube con S
nector, and the speed of reinflation was noted. Thc§
bulb then was disconnected, and the tracheal tube wzlsg
attached to the anesthesia circuit. Controlled ventila-3
tion was commenced as the exhaled CO, waveformS
was monitored by mass spectrometry. Complete mus-,%
cular relaxation was maintained by intermittent (Iosesg
of vecuronium or atracurium. The esophagus then was2
intubated under direct vision using a lubricated tubeé
identical to that placed in the trachea but positioncd§
to emerge from the opposite side of the mouth. Theg
position of the tubes was randomized by the intubatingZ
anesthesiologist. The compressed bulb was attached tog
the tube connector, and the speed of reinflation was
noted.
The patients were divided into two groups. Group 1
consisted of 70 patients (21 males and 49 females) in?
whom the insertion of a nasogastric tube was consid-
cered desirable for the surgical procedure. In these pa-
tients, an 18-French Salem Sump nasogastric tube was
introduced from the nose to the stomach, and its po-
sition was verified by aspiration of gastric contents, The
cuff of the esophageally placed tube then was inflated
with 10 ml air. The anesthesia circuit was temporarily
disconnected from the tracheal tube. The efficacy of
the bulb in differentiating esophageal from tracheal in-
tubation after the introduction of nasogastric tubes was
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tested by a second, independent anesthesiologist who
connected the compressed bulb to each of the tubes
and graded the speed of reinflation as instantancous (<
2's), delayed (> 2 8), or absent. The tests were repeated
if necessary to determine the location of each tube.
The second anesthesiologist had no knowledge of the
location of cither tube at the time of testing. The in-
tubating ancsthesiologist then reconnected the ancs-
thesia circuit to the tracheal tube, and the tube was
secured in position by tape. The stomach was aspirated,
and both the nasogastric tube as well as the esopha-
geally placed tube were removed. In 15 patients, the
negative pressures generated in the esophagus by the
compressed bulbs were measured before and after the
introduction of a nasogastric tube vig an air-filled pres-
sure transducer (model T4812DT-R, Viggo-Spec-
tromed, Oxnard, CA) interposed between the bulb and
the tube. The system was zcroed to atmospheric pres-
sure and calibrated to —100 mmHg against a pressure
manometer.

Group 2 consisted of 6O patients (20 males and 40
females) in whom nasogastric tubes were not required.
In these patients, the cufts of the esophageally placed
tubes were inflated with 10 ml air. The anesthesia cir-
cuit was temporarily disconnected from the tracheal
tube by the intubating anesthesiologist. The efficacy of
the bulb in identifying the location of each tube was
tested as it was for group 1 by a second anesthesiologist,
who had no knowledge of the location of either tube.
The intubating anesthesiologist then connected the
anesthesia circuit to the tracheally placed tube, and
controlled ventilation was continued. After 5 min, the
tests were repeated after the cuffs of both tubes were
completely deflated. Obscrvations were made under
cach of the following conditions: (1) inflated tracheal
tube cuff, (2) deflated tracheal tube cuff, (3) inflated
esophageal tube cuft, and (4) deflated esophageal tube
cuff. The intubating anesthesiologist then reconnected
the anesthesia circuit to the tracheal tube, which was
securely taped, and the esophageally placed tube was
removed. In 31 patients, the negative pressures gen-
erated by the compressed bulbs connected to esopha-
geally placed tubes were measured as previously de-
scribed before and after cuff deflation.

Student’s ¢ test was used to identify statistically sig-
nificant differences (P < 0.05) when comparing mean
negative pressures before and after (1) insertion of na-
sogastric tubes in group 1 and (2) before and after cuff
deflation in group 2. Based on the total number of in-
tubations (tracheal and csophageal) in both groups 1
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and 2, the 95% confidence interval (binomial propor-
tion based on a binomial distribution) for bulb reli-
ability was calculated.

Results

Group 1

The intubating anesthesiologist noted in all patients
that the compressed bulbs instantancously reinflated
when connected to tracheally placed tubes but that
they showed no reinflation when connected to esoph-
ageally placed tubes. After the introduction of naso-
gastric tubes, the second anesthesiologist reported no
reinflation of the bulbs connected to tubes placed in
the esophagus and immediate reinflation when con-
nected to tubes placed in the trachea in all patients
(fig. 2). The second anesthesiologist’s identification of
the tube in the trachea and the tube in the esophagus
was correct in every case. Tracheal intubation was con-
firmed by mass spectrometry, which showed the clas-
sical rectangular CO, waveform. The mean (£ SEM)
negative pressure produced by the compressed bulb
when connected to esophageally placed tubes was 57
+ 0.5 mmHg and after introduction of nasogastric tubes
was 58 + 0.7 mmHg (P > 0.05). A typical tracing of
the pressures generated by the compressed bulb before
and after the introduction of a nasogastric tube is shown
in figure 3. The pulse oximeter reading was = 98% in
all patients during the study period.

Group 2

In all patients, the intubating and second anesthe- ¢
siologists noted instantancous reinflation of the bulb 8
when it was connected to tubes placed in the tracheag
and absence of reinflation when connected to tubes<
placed in the esophagus. After cuff deflation, the sccondg
anesthesiologist’s determination of the location of eachs
tube was correct in every case. The compressed bulb§
remained collapsed when connected to csophageally%
placed tubes after cuff deflation. The mean (£ SEM)$
negative pressure produced by the compressed bulb
when connected to esophageally placed tubes was 56
+ 0.5 mmHg when the cuffs were inflated and 57 =
0.4 mmHg after cuff deflation (fig. 4) (P> 0.05). The
pulse oximeter reading was = 98% in all patients during
the study period.
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Predictive Values
In a total of 260 tracheal and esophageal intubations
in groups 1 and 2, there was zero incidence of false
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Fig. 2. In a demonstration, collapsed self-inflating bulbs were
connected simultaneously to tracheally and esophageally
placed tubes in the presence of a nasogastric tube. The bulb
connected to the tube in the trachea instantaneously rein-
flated, while that connected to the tube in the esophagus re-
mained collapsed.

negative or false positive results, which reflects sensi-
tivity, selectivity, and positive predictive values of
100%. The calculated lower limit of the 95% confi-
dence interval was 0.986.

Discussion

The current report confirms previous findings that
the self-inflating bulb*~7 can rapidly and reliably dif-
ferentiate between tracheal and esophageal intubation.
Furthermore, it demonstrates that neither the presence
of a nasogastric tube nor the absence of cuff inflation
interferes with the effectiveness of the bulb in detecting
esophageal intubation. The negative pressures gener-
ated by the compressed bulbs when connected to
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esophageally placed tubes were essentially unchanged
by the presence of a nasogastric tube or cuff deflation.
The compressed bulb created a sustained negative
pressure sufficient to result in collapse of the esopha-
geal wall and occlusion of its lumen around the esoph-
ageally placed tube whether or not its cuff was inflated
and whether or not a nasogastric tube was present,

The finding that nasogastric tubes did not interferey
with the reliability of the self-inflating bulb in detect-3
ing esophageal intubation should not be surprising.g
Although it has been theorized that the presence of§
a nasogastric tube may interfere with obliteration ofz
the upper esophageal lumen during cricoid compres-3
sion, investigations have demonstrated that cricoid®
compression in infants'' and adults'? is effective ing
sealing the esophagus around a nasogastric tube ugainst%
an intraesophageal pressure of up to 100 ¢cmH,O. Thus,3 8
cither external pressure on the esophagus or rleg;mvem
pressure within the esophageal lumen is effective ing
producing occlusion of the esophageal lumen.

Theoretical conditions leading to false positive resultss
(reinflation of the compressed bulb when Conncctedﬁ
to esophageally placed tubes) include bag~dnd-maskg
ventilation, resulting in gastric insufflation before ing
tubation; the presence of a nasogastric tube; cuff deﬂa—:
tion; and the presence of an esophageal pathologlcg
condition, such as a tear, fibrosis, or diverticulum. Re\\.
cently it has been demonstrated that modest insufflations
of the stomach as a result of esophageal ventilation,%
does not interfere with the effectiveness of the bulb ing
differentiating esophageal from tracheal intubation.’%
Although the reliability of the bulb in the presence 018
an esophageal pathologic condition has not yet beeno
tested, based on the findings of the current study ug
seems safe to conclude that neither cuff deflation HOIE
the presence of a nasogastric tube alters the efficacy of
the bulb in detecting esophageal intubation. These&
findings may have important clinical implications whcrﬁ
intubation is performed in settings outside the oper%
ating room, such as the emergency room, hospita
floors, or the trauma scene. Frequently, patients re-
quiring tracheal intubation in these settings may have
had bag-and-mask ventilation with gastric insufflation
before attempts at tracheal intubation, and some may
have a nasogastric tube in place.

Using the syringe method of esophageal detection,
O’Leary et al.* emphasized the importance of cuff de-
flation during plunger withdrawal of a 50-ml syringe.
They noted that cuff deflation allows entrainment of
air from the upper airway passages when the tube is in
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the trachea, thus permitting casy aspiration and pre-
vention of tracheal collapse and hypoxemia. Although
their recommendation seems reasonable, the current
study, which was limited to healthy patients, did not
show any difference in reinflation of the bulbs when
tracheal tube cuffs were deflated. Because the test using
the self-inflating bulb requires less than 4 s, hypoxemia
as evidenced by pulse oximetry was not noted. Fur-
thermore, cuff deflation may not be desirable in patients
at risk of aspiration, unless cricoid pressure is main-
tained.

Identification of CO; in the exhaled gas has emerged
as the standard for verification of proper tracheal tube
placement. || Two methods currently are available: CO,
waveform''% (capnography) and colorimetric detec-
tion of CO,.'"""* Although the CO, waveform typically

|| Standards for basic intraoperative monitoring, Directory of Med-
icine. Park Ridge, American Socicty of Anesthesiologists, 1991, p
670.
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Fig. 3. A typical tracing of the pressures generated in the esophagus by the compressed bulb (4) before insertion of a nasogastric
tube and (B) after the insertion of a nasogastric tube. The arrows above and below the tracing denote attachment and removal
of the self-inflating bulb.

distinguishes tracheal from esophageal intubation, false
negative results®™*! (with the tube in the trachea:
waveform absent) and false positive results??~%¢ (with
the tube in the esophagus or pharynx: waveform pres-
ent) have been reported.

Like capnography, the self-inflating bulb may fail to §
confirm proper tracheal tube placement in patients who S
have severe upper or lower airway obstruction :md;;
whenever the tracheal tube is obstructed.® The bulb =
also may fail to confirm tracheal tube placement in ¥
infants, in whom the tracheal wall is not held rigidly
by cartilage as it is in adults.” We have noticed that the
device may fail to reinflate or may reinflate slowly when
connected to a properly placed tracheal tube in mor-
bidly obese patients?” and in other patients who have
marked reduction in expiratory reserve volume, such
as those with pulmonary edema or acute respiratory
distress syndrome. In the current study, delayed rein-
flation was not observed in any patient, whereas Zaleski
et al.® reported slow reinflation of the bulb (5-30 s)
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Fig. 4. A typical tracing of the pressures generated in the esophagus by the compressed bulb (4) with an inflated cuff and (B
after cuff deflation. The arrows above and below the tracing denote attachment and removal of the self-inflating bulb.

in 6% of tracheally intubated patients. This difference
may be attributed to the absence of respiratory discase
in the patients selected in our study and possibly to
the inclusion of patients with markedly reduced ex-
piratory reserve volume in the study by Zaleski et al.®
Thus, the self-inflating bulb occasionally may show false
negative results, but in contrast to capnography or col-
orimetric detection of CO,, false positive results are
probably nonexistent.

Unlike capnography*® or colorimetric detec-
tion,'®'? the self-inflating bulb functions equally well
in patients with cardiac arrest and in those with an
intact circulation. The bulb can be used in the op-
erating room in conjunction with capnography as
well as outside the operating room, in situations
where tracheal intubation may be performed as an
emergency measure. Verification of proper tracheal
tube placement by this simple, quick method enables
physicians and emergency personnel to proceed with
other resuscitative measures.

Anesthesiology, V 80, No 1, Jan 1994

References

0-00010¥661-27S000077 1 692€/21/1/08/4Pd-81011e/ABO|0ISOU)SBUE/WOD IIEUYDIDA|IS ZESE//:d}3Y WOI) papeojumoq

B . (=]
1. Wee MYK: The ocesophageal detector device: Assessment of

method to distinguish oesophageal from tracheal intubation. Anae
thesia 43:27-29, 1988

2. O’Leary JJ, Pollard BJ, Ryan MJ: A method of detecting ocsopl
ageal intubation or confirming tracheal intubation. Anacsth Intensive
Care 16:299-301, 1988 s

3. Nunn JF: The ocsophageal detector device (letter to the editor)s
Anaesthesia 43:804, 1988

4. Williams KN, Nunn JF: The oesophageal detector device: A prog
spective trial in 100 patients. Anacsthesia 44:984-985, 1989

5. Baraka A, Muallem, M: Confirmation of correct tracheal intu-
bation by a self-inflating buib. Mid East J Anesthesiol 11:193-196,
1991

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

7. Oberly D, Stein S, Hess D, Eitel D, Simmons M: An evaluation
of the esophageal detector device using a cadaver model. Am J Emerg
Med 10:317-320, 1992

8. Baraka A: The oesophageal detector device (letter to the editor).
Anaesthesia 46:697, 1991

9. Haynes SR, Morten NS: Use of the oesophageal detector device
in children under one year of age. Anaesthesia 46:1067-1069, 1991

13

i

Aq ypdf

9L u

Lid!

4



48

SALEM ET AL.

10. Smith I: Confirmation of correct endotracheal tube placement
(letter to the editor). Anesth Analg 72:263, 1991

11. Salem MR, Wong WY, Fizzotti GF: Efficacy of cricoid pressure
in preventing aspiration of gastric contents in pacdiatric patients, Br
J Anaesth 44:401-404, 1972

12. Salem MR, Joseph NJ, Heyman HJ, Belani B, Paulissian R, Ferrara
TP: Cricoid compression is cffective in obliterating the esophageal
lumen in the presence of a nasogastric tube. ANESTHESIOLOGY 63:443~
446, 1985

13. Salem MR, Wofai Y, Baraka A, Taimorrazy B, Joseph NJ, Nim-
magadda U: Use of the self-inflating bulb in detecting esophageal
intubation following ‘‘csophageal ventilation.” Anesth Analg (in
press)

14. Linko K, Paloheimo M, Tammisto T: Capnography for detection
of accidental oesophageal intubation. Acta Anaesthesiol Scand 27:
199-202, 1983

15. Peters RM: Monitoring of ventilation in the anesthetized pa-
tient, Monitoring Surgical Patients in the Operating Room. Edited by
Gravenstein JS, Newbower RS, Ream AK, Smith NT. Springficld,
Charles C. Thomas, 1979, pp 142-149

16. Murray IP, Modell JH: Early detection of endotracheal tube
accidents by monitoring carbon dioxide concentration in respiratory
£48. ANESTHESIOLOGY 59:344-3406, 1983

17. Strunin L, William T: The FEF end-tidal carbon dioxide de-
tector. ANESTHESIOLOGY 71:621-622, 1989

18. Jones BR, Dorscy MJ: Sensitivity of a disposable end-tidal carbon
dioxide detector. J Clin Monit 7:268-270, 1991

Anesthesiology, V 80, No 1, Jan 1994

19. MuacLeod GJ, Heller MB, Gerard §, Yealy DM, Menegazzi JJ:
Verification of endotracheal tube placement with colorimetric end-
tidal CO, detection. Ann Emerg Med 20:267-270, 1991

20. Dunn SM, Mushlin PS, Lind 1J, Racmer D: Tracheal intubation
is not invariably confirmed by capnography. ANESTHESIOLOGY 73:
1285-1287, 1990

21. Markovitz BP, Silverberg M, Godincez RI: Unusual cause of an
absent capnogram. ANESTIHESIOLOGY 71:992-993, 1989

22. Sum Ping ST, Mchta MP, Anderton JM: A comparative study of &
methods of detection of csophageal intubation. Anesth Analg 69:
627-632, 1989

23. Sum Ping ST, Mchta MP, Symreng T: Reliability of capnog aphy
in identifying esophageal intubation with carbonated beverage or
antacid in the stomach. Anesth Analg 73:333-337, 1991

24. Roscenblatt WH, Kharatian A: Capnography: Never forget the
false-positives! Anesth Analg 73:502-510, 1991

25. Deluty S, Turndorf H: The failure of capnography to properly =
assess endotracheal tube 1 cation. ANESTHESIOLOGY 78:783-784, 1993 §

26. O'Flaherty D, Ad - ns AP: False positives with the end-tidal &
carbon dioxide detector (letter to the editor). Anesth Analg 74:467-
468, 1992

27. Baraka A, Chouciry P, Salem MR: The esophageal detector
device in the morbidly obese (letter to the editor). Anesth Analg 77:
400, 1993

28. Falk JL, Rackow EC, Weil MH: End-tidal carbon dioxide con-
centration during cardiopulmonary resuscitation. N Engl J Med 318:
607-611, 1988

S Zese//:dny woly papeojum

20z Iudy 91 uo 3senb Aq jpd°01.000-00010¥66L-Z¥S0000/L L 69ZE/Z Y/ L/08/4Ppd-8lonie/ABojoiseyisaue/woo



