Dysphagia 13:208–212 (1998)

© Springer-Verlag New York Inc. 1998

Fiberoptic Endoscopic Documentation of the High Incidence of
Aspiration following Extubation in Critically Ill Trauma Patients
Steven B. Leder, PhD,1 Stephen M. Cohn, MD,2 and Beth A. Moller, MSN3
1

Yale University School of Medicine, Department of Surgery, Section of Otolaryngology, Communication Disorders Center, New Haven,
Connecticut; 2University of Miami School of Medicine, Division of Trauma and Surgical Critical Care, Department of Surgery, Miami, Florida;
and 3Yale University School of Medicine, Department of Surgery, Section of Trauma and Critical Care, New Haven, Connecticut, USA

Abstract. The purpose of this study was to investigate
the incidence of aspiration following extubation in critically ill trauma patients. This prospective pilot study included 20 consecutive trauma patients who required orotracheal intubation for at least 48 hours. All subjects
underwent a bedside transnasal fiberoptic endoscopic
evaluation of swallowing at 24 ± 2 hr after extubation to
determine objectively aspiration status. Aspiration was
defined as the entry of a blue dyed material into the
airway below the level of the true vocal folds, with silent
aspiration occurring in the absence of any external behavioral signs such as coughing or choking. Aspiration
was identified in 9 of 20 (45%) subjects and 4 of these 9
(44%) were silent aspirators. Therefore, silent aspiration
occurred in 20% of the study population. Eight of the 9
(89%) aspirating subjects resumed an oral diet from 2–10
days (mean, 5 days) following extubation. All subjects
had no evidence of pulmonary complications. It was concluded that trauma patients after orotracheal intubation
and prolonged mechanical ventilation have an increased
risk of aspiration. An objective assessment of dysphagia
to identify aspiration may reduce the likelihood of pulmonary complications after extubation.
Key words: Aspiration — Silent aspiration — Fiberoptic endoscope — Trauma — Orotracheal intubation —
Extubation — Deglutition — Deglutition disorders.

monary complications in critically ill trauma patients after orotracheal intubation. Recent reports have noted that
previously intubated patients are at increased risk for
aspiration [1–3]. Additional investigations of swallowing
dysfunction in critically ill trauma patients appear necessary to determine the risk of pulmonary aspiration following extubation, thereby potentially reducing the likelihood of respiratory complications during the critical
recovery period.
Prolonged orotracheal intubation, i.e., longer than
8 hr [4], can often produce severe laryngotracheal complications [5], with one of the most potentially lifethreatening problems being pulmonary aspiration after
extubation [1,4]. The incidence and etiology of aspiration after extubation is currently unknown [1]. The likely
causes of aspiration are multiple: alterations in glottic
anatomy [3] caused by vocal fold ulceration and laryngeal edema [5–8], and/or by disruption of the swallowing
reflex [2] caused by muscle atrophy, incoordination, and
diminished proprioception [1].
We hypothesized that aspiration was occurring
after prolonged orotracheal intubation, and that silent aspiration might be an occult cause of respiratory infections. In the present study, we investigated the incidence
of aspiration following extubation in critically ill trauma
patients.

Materials and Methods
There is a paucity of data concerning the incidence of
aspiration after prolonged orotracheal intubation. Even
less data are available specific to aspiration risk and pulCorrespondence to: Steven B. Leder, Ph.D., Yale University School of
Medicine, Section of Otolaryngology, Communication Disorders Center, 20 York St., YPB-468, New Haven, CT 06504, USA

Subjects
Twenty consecutive trauma patients requiring orotracheal intubation
for at least 48 hr were studied prospectively as part of an approved
protocol instituted in our trauma population at Yale-New Haven Hospital, a level I trauma center. Table 1 shows subject characteristics and
aspiration status following extubation. Seventeen subjects were in-
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Table 1. Subject characteristics and aspiration status following extubation
Age

Intensive care unit

Endotracheal intubation

Subject

Sex

Yrs:Mos

Days

Days

Nasogastric tube

Traumatic intubation

Aspiration

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

F
M
M
F
M
M
M
M
F
F
M
M
F
M
F
F
M
F
M
F

21:00
34:03
46:03
72:00
26:09
38:00
26:06
23:02
38:02
22:00
50:01
18:01
50:03
39:10
47:09
30:00
38:03
32:09
47:08
31:11

19
5
11
9
4
45
13
9
7
26
11
17
5
14
21
9
22
3
17
3

16
4
9
6
3
45
13
8
7
26
9
16
4
14
16
6
21
2
15
20

Y
Y
N
Y
N
N
Y
N
N
Y
N
N
Y
N
Y
N
N
N
N
Y

N
Y
N
Y
N
Y
Y
N
N
N
N
N
N
N
Y
N
N
N
N
N

N
N
N
Y
N
Y
Y
Y
Y
N
Y
N
N
N
Y
Y
N
N
N
Y

volved in motor vehicle crashes (12 cars, 3 motorcycles, and 2 pedestrians), 2 were stabbed, and 1 was in a boating accident. There were 11
males and 9 females, aged 18 years 1 month to 72 years (mean, 36
years 8 months). Duration of endotracheal intubation ranged from 2
days to 45 days (mean, 13.0 days). At our hospital, a tracheotomy was
performed only if a patient exhibited a medical condition or head injury
that required mechanical ventilation for an indefinite period of time.
Traumatic intubations occurred in 5 of 20 subjects. Eight subjects had
a nasogastric tube and 12 did not.

Equipment
Equipment consisted of a 3.6 mm diameter flexible fiberoptic rhinolaryngoscope (Olympus, ENF-P3), 4.1 mm diameter disposable endoscope sheaths (Smith-Nephew Richards), light source (Olympus, CLK4), videocassette recorder (Sony, SVO-1550), camera (ELMO,
MN401E), and color monitor (Magnavox, RJ4049WA01).

Procedures
All subjects underwent a transnasal fiberoptic endoscopic evaluation of
swallowing (FEES) at bedside in the intensive care unit to determine
aspiration status prior to beginning oral feeding. No subject was sedated at time of testing. FEES evaluations were performed 24 ± 2 hr
postextubation. Aspirating patients were routinely reevaluated at 2–3day intervals depending on progress, medical condition, and clinical
judgment [9].
The FEES is a reliable bedside procedure that permits objective
visualization of aspiration, avoids irradiation exposure, is repeatable as
often as needed, and can be videotaped for review [10–13]. The basic
protocol for the FEES [10,11] examination was followed. A FEES
allows for direct visualization of the entire pharyngeal swallow, except
for a very brief period when the contracting pharyngeal walls obstruct
the optical tip of the endoscope. No administration of a topical anes-

thetic or vasoconstrictor to the nasal mucosa prior to a FEES was done,
as it has been shown that comfortable transnasal endoscopy can be
performed without administration of topical anesthesia to the nasal
mucosa [14]. This eliminated any potential adverse anesthetic reaction
and assured the endoscopist of a safe physiological examination [14].
In the present study, a blue-dyed puree bolus was always given first,
followed by a blue-dyed liquid bolus, and then a blue-dyed solid bolus,
if indicated.
Aspiration was defined as the entry of blue-dyed material into
the airway below the level of the true vocal folds [15], with silent
aspiration occurring in the absence of any external behavioral signs
such as coughing or choking [16]. Silent aspiration can only be identified and confirmed by visualization [17]. If aspiration was determined
the subject was not fed.

Statistics
Statistical analyses were performed using a statistical software package
(STATISTICA, Statsoft Inc., Tulsa, OK). Groups were compared with
parametric, i.e., analysis of variance (ANOVA) or Student’s t tests, or
nonparametric, i.e., Fisher Exact test, statistics. Differences were considered statistically significant at p < 0.05.

Results
Tables 1 and 2 show the results of the FEES evaluations.
The presence of a nasogastric tube was not associated
with aspiration (Table 1). Specifically, of the 8 subjects
with a nasogastric tube, 4 aspirated and 4 did not; and of
the 12 subjects without a nasogastric tube, 5 aspirated
and 7 did not. Traumatic intubations (Table 1), e.g.,
blood in endotracheal tube, esophagus intubated, or mul-
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Table 2. Results of the fiberoptic endoscopic evaluations of swallowing (FEES)
Aspiration

No aspiration

9
4
8
6
7

11
0
0
1
4

Table 3. Means (and SDs) for demographics based on aspiration status

Mean age
Total subjects
Silent aspiration
Laryngeal penetration
Pyriform sinus pooling
Vallecula pooling

tiple intubation attempts, were noted in 5 of 20 (25%)
subjects and 4 of these 5 (80%) aspirated.
Table 2 shows that pooling of the bolus in the
valleculae and pyriform sinuses and laryngeal penetration were associated with aspiration, whereas isolated
vallecula pooling was not. Aspiration was exhibited in 9
of 20 (45%) subjects and 4 of these 9 (44%) were silent
aspirators. For the total study population, 4 of 20 (20%)
subjects silently aspirated. Eight of the 9 (89%) subjects
identified as exhibiting aspiration resumed an oral diet
from 2–10 days (mean, 5 days) following extubation. All
subjects in the present study were without evidence of
pulmonary complications.
Table 3 shows the demographics of our population, grouped by aspiration status. Only the Glasgow
Coma Scale [18] rating on admission exhibited a significant difference (p < 0.05) regarding aspiration status.

Case Study
Trauma subject #15 was a 47-year-old female involved in a motor
vehicle crash (pedestrian vs car). She was orotracheally intubated for
15 days. At the time of the FEES, a Salem sump was in the left naris,
and oxygen, 4 L/min via nasal cannula, was required. Good labial
closure, adequate lingual range of motion, and a symmetrical smile/
pucker were exhibited. The fiberoptic endoscope was passed through
the left naris and the base of the tongue, epiglottis, vallecula, pyriform
sinuses, and larynx were viewed. The true vocal folds were mobile
bilaterally, but without complete adduction on phonation and with bilateral arytenoid cartilage edema and vocal process granulomas secondary to intubation.
Initial FEES results with a puree bolus, indicated pharyngeal
phase dysphagia with laryngeal penetration and aspiration without a
cough reflex. Recommendations were to continue with nonoral feeding,
change Salem sump to a #8 nasogastric feeding tube, and reevaluate in
2 days. A repeat FEES revealed a #8 nasogastric feeding tube in the left
naris, with continued incomplete true vocal fold adduction on phonation and bilateral arytenoid cartilage edema and vocal process granulomas. Results indicated (1) successful swallowing of small liquid boluses but pharyngeal phase dysphagia and aspiration with a cough
reflex with larger liquid boluses; (2) successful swallowing of puree
boluses; and (3) successful swallowing of solid boluses. Recommendations were a soft diet, discontinue nasogastric tube, aspiration precautions (head of bed 90° or chair and small bolus sizes), and daily
follow-up. The soft diet was tolerated successfully, a regular diet was
recommended the next day, and the patient was discharged from further
dysphagia monitoring.

a

Aspiration

No aspiration

40:02

33:02

Mean RTS

6.90
(1.33)

7.37
(1.19)

Mean GCSb on
admission

8.89*
(4.73)

13.00
(3.77)

Mean GCS at
extubation

14.57
(0.79)

14.55
(1.04)

Mean AISc
(Head)

1.89
(1.62)

0.91
(1.58)

Mean ISSd

16.38
(8.45)

20.45
(11.42)

14.44
(12.44)

11.82
(8.00)

Mean days
orotracheally
intubated

*p < 0.05.
RTS—Revised Trauma Score [37].
b
GCS—Glasgow Coma Scale [18].
c
AIS—Abbreviated Injury Scale [38].
d
ISS—Injury Severity Score [39].
a

Discussion
The principal findings of the present pilot study were (1)
trauma patients had an increased risk of aspiration, both
overt and silent, after prolonged orotracheal intubation;
and (2) trauma patients who had a low Glasgow Coma
Score [18] on admission or traumatic intubation appeared to be at increased risk for aspiration. It is important to note, however, that there was no significant difference (Table 3) regarding Glasgow Coma Scale scores
at the time of testing for aspiration, i.e., the patients were
alert but still did not swallow normally. This indicates
that similarly neurologically functioning patients can exhibit different swallowing behaviors following extubation. Silent aspiration occurred in 20% of the subjects,
suggesting that an objective assessment of the pharyngeal phase of swallowing, e.g., with a FEES, can identify
aspiration and could potentially prevent pulmonary complications [16].
It is known that alteration of the chemo- and/or
mechanoreceptors involved with the swallowing reflex,
located in the pharyngeal and laryngeal mucosae, are
altered by the presence of an orotracheal tube [2]. Inhibition of the sensory abilities of the larynx was demonstrated by the absence of a cough or any other behavioral
signs of aspiration in patients challenged with a liquid
bolus both immediately and 4 hr following extubation,
with the detrimental effect reduced significantly within 8
hr postextubation [19].
Pharyngeal phase dysphagia resolved spontane-
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ously following extubation (mean of 5 days) in the present study, thereby allowing previously aspirating patients
to resume an oral diet without development of pulmonary infectious complications. This finding was consistent with previous reports which found that delayed
swallowing responses were no longer observed 2 days
following extubation [2]; healing of most mucosal
lesions caused by orotracheal tubes occurred rapidly following extubation [5]; and aspiration following extubation was transient [2,4] with increased aspiration occurring closer to the time of extubation [19]. It is recommended, therefore, to assess objectively dysphagia and
aspiration and/or delay oral intake for at least 24–48 hr
[4] to allow for optimal swallowing success.
The FEES allows for direct visualization of the
pharynx and larynx before, partially during, and after the
swallow. Before an actual swallow is attempted, visual
confirmation of pooled secretions in the valleculae, pyriform sinuses, and especially the laryngeal vestibule, are
highly predictive of aspiration of food or liquid [20].
Overt and silent aspiration before and during the initiation of the swallow, due to spillage of the bolus into the
laryngeal vestibule, glottis, and trachea can be observed.
Also, overt and silent aspiration both immediately after
the swallow and later due to retention of the bolus in the
valleculae, pyriform sinuses, posterior commissure, and
laryngeal vestibule can be clearly identified via the endoscopic image. Major advantages of the FEES, therefore, when compared with radiological assessment of
dysphagia in the critically ill trauma population, include
ability of performing the evaluation at bedside, avoidance of irradiation exposure and use of barium, no time
limit in performing the procedure, and repeatability
[16,21].
Consistent with previous reports [2,22–24], the
presence of a nasogastric tube did not influence aspiration status. In addition, age of the subjects did not influence incidence of aspiration, as 8 of 9 subjects who aspirated were 50 years of age or less (mean of 35 years)
(Table 1). It has been reported, however, that incidence
of aspiration increased in tracheotomized patients who
were 65 years and older [22]. In this study, if more
subjects were older than 65 years of age, a greater incidence of aspiration may have been observed. Nevertheless, aspiration occurred in 8 of 20 (40%) subjects who
were 50 years of age or less, indicating an increased
aspiration risk in even young trauma patients. Also, in
agreement with a previous report [2], there was no difference between the duration of intubation and aspiration
status (Table 3).
Aspiration has been shown to occur in patients
with stroke [25,26], head and neck cancer [24,27,28],
tracheotomy [22,29–36], and ventilator dependency [33].
It is standard practice in our medical center and others to

211

delay oral feeding in patients who have documented aspiration in an effort to reduce the likelihood of aspiration
pneumonia. Although delaying oral feeding in previously
intubated trauma patients who have documented aspiration may increase length of stay, early identification of
aspiration is recommended.
Despite the relatively small population in the
present study, it is clear that critically ill trauma patients
have an increased risk of aspiration following extubation.
Aspiration in this population, however, is multifactorial.
Prospective research using a larger sample size is needed
to corroborate the findings of the present study and to
investigate further other potential risk factors that may
predict aspiration in this population. Specifically (1)
How does duration of orotracheal intubation, i.e., other
than a minimum of 48 hours, impact on aspiration status?
(2) Which subject variables, e.g., age, brain injury, traumatic intubation, sedatives and neuromuscular blockers,
and respiratory status, influence incidence of aspiration?
Ultimately, the question to be answered is: Can the
FEES, by identifying aspiration, especially silent aspiration [16], prevent the occurrence of pulmonary complications leading to a reduction in morbidity and, ultimately, hospital costs?
Acknowledgments. The authors wish to thank Bryan Dehaven, R.R.T.,
Clarence T. Sasaki, M.D., and Albert J. Varon, M.D. for their critical
reading and comments on this manuscript. This research was supported, in part, by the McFadden, Harmon, and Mirikitani Endowments.

References
1.

2.

3.

4.
5.

6.
7.
8.
9.

10.

DeVita MA, Spierer-Rundback L: Swallowing disorders in patients with prolonged orotracheal intubation or tracheostomy
tubes. Crit Care Med 18:1328–1330, 1990
de Larminat V, Montravers P, Dureuil B, Desmonts J-M: Alteration in swallowing reflex after extubation in intensive care
patients. Crit Care Med 23:486–490, 1995
Tolep K, Getch CL, Criner GJ: Swallowing dysfunction in patients receiving prolonged mechanical ventilation. Chest
109:167–172, 1996
Bishop MJ, Weymuller EA, Fink R: Laryngeal effects of prolonged intubation. Anesth Analg 63:335–342, 1984
Stauffer JL, Olson DE, Petty TL: Complications and consequences of endotracheal intubation and tracheotomy. Am J Med
70:65–76, 1981
Whited RE: A prospective study of laryngotracheal sequelae in
long-term intubation. Laryngoscope 94:367–377, 1984
Colice GL, Stukel TA, Dain B: Laryngeal complications of prolonged intubation. Chest 96:877–884, 1989
Colice GL: Resolution of laryngeal injury following translaryngeal intubation. Am Rev Resp Dis 145:361–364, 1992
Leder SB: Use of serial fiberoptic endoscopic swallowing evaluations in the management of patients with dysphagia. Arch Phys
Med Rehab (in press)
Langmore SE, Schatz K, Olsen N: Fiberoptic endoscopic examination of swallowing safety: a new procedure. Dysphagia
2:216–219, 1988

212
11.

12.

13.

14.

15.
16.

17.
18.
19.

20.

21.

22.
23.
24.

S.B. Leder et al.: Aspiration in Trauma Patients
Langmore SE, Schatz K, Olson N: Endoscopic and videofluoroscopic evaluations of swallowing and aspiration. Ann Otol
Rhinol Laryngol 100:678–681, 1991
Bastian RW: Videoendoscopic evaluation of patients with dysphagia: an adjunct to the modified barium swallow. Otolaryngol
Head Neck Surg 104:339–350, 1991
Bastian RW: The videoendoscopic swallowing study: an alternative and partner to the videofluoroscopic swallowing study.
Dysphagia 8:359–367, 1993
Leder SB, Ross DA, Briskin B, Sasaki CT: A prospective,
double-blind, randomized study on the use of topical anesthetic,
vasoconstrictor, and placebo during transnasal flexible fiberoptic endoscopy. J Speech Lang Hear Res 40:1352–1357, 1997
Logemann JA: Evaluation and Treatment of Swallowing Disorders. San Diego, CA: College-Hill Press, 1983
Leder SB, Sasaki CT, Burrell MI: Fiberoptic endoscopic evaluation of dysphagia to identify silent aspiration. Dysphagia
13:19–21, 1998
Linden P, Siebens AA: Dysphagia: predicting laryngeal penetration. Arch Phys Med Rehabil 64:281–284, 1983
Teasdale G, Jennett B: Assessment of coma and impaired consciousness. Lancet 2:81–84, 1974
Burgess GE, Cooper JR, Marino RJ, Peuler MJ, Warriner RA:
Laryngeal competence after tracheal extubation. Anesthesiology
51:73–77, 1979
Murray J, Langmore SE, Ginsberg S, Dostie A: The significance
of accumulated oropharyngeal secretions and swallowing frequency in predicting aspiration. Dysphagia 11:99–103, 1996
Kidder TM, Langmore SE, Martin BJW: Indications and techniques of endoscopy in evaluation of cervical dysphagia: comparison with radiographic techniques. Dysphagia 9:256–261,
1994
Cameron JL, Reynolds J, Zuidema GD: Aspiration in patients
with tracheostomies. Surg Gynecol Obstet 136:68–70, 1973
Leder SB, Tarro JM, Burrell MI: Effect of occlusion of a tracheotomy tube on aspiration. Dysphagia 11:254–258, 1996
Leder SB, Ross DA, Burrell MI, Sasaki CT: Tracheotomy tube
occlusion status and aspiration in early postsurgical head and
neck cancer patients. Dysphagia 13:167–171, 1998

25.

26.

27.

28.

29.
30.
31.
32.
33.

34.
35.

36.
37.
38.

39.

Veis SL, Logemann JA: Swallowing disorders in persons with
cerebrovascular accident. Arch Phys Med Rehabil 66:372–375,
1985
Alberts MJ, Horner J, Gray L, Brazer SR: Aspiration after
stroke: lesion analysis by brain MRI. Dysphagia 7:170–173,
1992
Humphreys B, Mathog R, Miller P, Rosen R, Muz J, Nelson R:
Videofluoroscopic and scintigraphic analysis of dysphagia in the
head and neck cancer patient. Laryngoscope 97:25–32, 1987
Muz J, Hamlet S, Mathog R, Farris R: Scintigraphic assessment
of aspiration in head and neck cancer patients with tracheostomy. Head Neck 16:17–20, 1994
Betts RH: Post-tracheostomy aspiration. N Engl J Med 273:155,
1965
Feldman SA, Deal CW, Urquhart W: Disturbance of swallowing
after tracheostomy. Lancet 1:954–955, 1966
Bonanno PC: Swallowing dysfunction after tracheotomy. Ann
Surg 174:29–33, 1971
Elpern EH, Jacobs ER, Bone RC: Incidence of aspiration in
tracheally intubated adults. Heart Lung 16:527–531, 1987
Elpern EH, Scott MG, Petro L, Ries MH: Pulmonary aspiration
in mechanically ventilated patients with tracheostomies. Chest
105:563–566, 1994
Nash M: Swallowing problems in the tracheotomized patient.
Otol Clin North Am 21:701–709, 1988
Shaker R, Milbrath M, Ren J, Campbell B, Toohill R, Hogan W:
Deglutitive aspiration in patients with tracheostomy: effect of
tracheotomy on the duration of vocal cord closure. Gastroenterology 108:1357–1360, 1995
Pannunzio TG: Aspiration of oral feedings in patients with tracheostomies. AACN Clin Issues 7:560–569, 1996
Champion HR, Sacco WJ, Carnazzo AJ, Copes W, Fouty WJ:
Trauma score. Crit Care Med 9:672–676, 1981
American Medical Association Committee on Medical Aspects
of Automotive Safety: Rating the severity of tissue damage.
JAMA 215:277–280, 1971
Baker SP, O’Neil B, Haddon W, Long WB: The injury severity
score: a method for describing patients with multiple injuries
and evaluating emergency care. J Trauma 14:187–196, 1974

