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Abstract Debate continues regarding an association
between tracheotomy and aspiration status. The aim of this
research was to perform a direct replication study to
investigate further the causal relationship, if any, between
tracheotomy and aspiration. Twenty-five consecutive adult
hospitalized patients participated. Inclusion criteria were a
pretracheotomy dysphagia evaluation, subsequent trache-
otomy and tracheotomy tube placement, then a post-tra-
cheotomy dysphagia reevaluation prior to decannulation.
Twenty-two (88%) participants exhibited the same aspira-
tion status or resolved aspiration pre- versus post-trache-
otomy. Three participants exhibited new aspiration post-
tracheotomy due to worsening medical conditions. Con-
versely, four participants exhibited resolved aspiration
post-tracheotomy due to improved medical conditions.
Excluding these seven participants, all nine participants
who aspirated pretracheotomy also aspirated post-trache-
otomy and all nine participants who did not aspirate pre-
tracheotomy also did not aspirate post-tracheotomy
(P > 0.05). No statistically significant differences were
found between aspiration status and days since tracheot-
omy (3> = 0.08, P > 0.05) or between age and aspiration
status (P > 0.05). The absence of a causal relationship
between tracheotomy and aspiration status was confirmed.
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Introduction

Poor methodology has led to the erroneous finding of a
purported association between tracheotomy and increased
incidence of aspiration, with the fundamental flaw being
that no pretracheotomy aspiration data were collected [1-
7]. The difficulties associated with collecting pretracheot-
omy data do not justify their omission, i.e., it cannot be
predicted who will undergo a tracheotomy in the future,
and once the decision to perform a tracheotomy has been
made the patient is either too medically compromised to
have a dysphagia evaluation or an endotracheal tube is
present. When aspiration status was investigated appro-
priately, i.e., both pre- and post-tracheotomy, no causal
relationship was found [8].

Many individuals who will require a tracheotomy are at
increased risk for swallowing disorders, with the result
being undocumented aspiration pretracheotomy due to the
medical, neurologic, or surgical sequelae that necessitated
a tracheotomy in the first place [9-11]. When these indi-
viduals subsequently undergo a tracheotomy, any newly
documented “increased” incidence of aspiration will be
incorrectly attributed to the tracheotomy [8].

Although no causal relationship was found between
tracheotomy and aspiration status [8], debate continues
regarding an association between tracheotomy and aspira-
tion risk [12, 13]. Therefore, corroboration with a larger
sample size via direct replication is warranted [14]. Rep-
lication provides two basic functions essential for the
substantive base of any scholarly field: verification and
disconfirmation, i.e., a fact is not a fact until it is replicable
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[14]. Specific to the current issue, a causal relationship
exists when a tracheotomy is a sufficient condition for the
occurrence of aspiration. That is, if the effect (aspiration)
occurs before its cause (tracheotomy), a causal relationship
does not exist [15]. The purpose of the current direct rep-
lication study was to confirm the lack of a causal rela-
tionship between tracheotomy and aspiration status [8] by
documenting prospectively the incidence of aspiration in
the same individual first pretracheotomy and then again
post-tracheotomy.

Materials and Methods
Subjects

This study was approved by the Human Investigation
Committee, Yale University School of Medicine. In a
prospective manner, between July 2002 and October 2008,
25 adult hospitalized patients from a large tertiary-care
teaching hospital met the criteria for inclusion in this study,
i.e., they underwent a pretracheotomy objective dysphagia
evaluation followed by tracheotomy and tracheotomy tube
placement and then a post-tracheotomy objective dyspha-
gia evaluation prior to decannulation. Participant demo-
graphics and aspiration status are shown in Table 1.

Procedures

All participants had a fiberoptic endoscopic evaluation of
swallowing (FEES) [16, 17] first pre- and then post-tra-
cheotomy. The basic FEES protocol was followed with
slight modifications [16, 17]. Briefly, each naris was
examined and the scope passed through the most patent
naris without administration of a topical anesthetic or
vasoconstrictor to the nasal mucosa, thereby eliminating
any potential adverse anesthetic reaction and assuring the
endoscopist of a safe physiologic examination [18]. The
base of tongue, pharynx, and larynx were viewed and
swallowing was evaluated directly with food boluses of
approximately 5 ml each. All patients were allowed to
swallow spontaneously, i.e., without a verbal command to
swallow [19]. Equipment consisted of a 3.6-mm-diameter
flexible fiberoptic rhinolaryngoscope (Olympus, ENF-P3),
light source (Olympus, CLK-4), camera (ELMO,
MN401E), and color monitor (Magnavox, RJ4049WAO1).

The first food challenge consisted of three boluses of
puree consistency (yellow pudding), followed by three
liquid boluses (white milk) because these colors have
excellent contrast with pharyngeal and laryngeal mucosa
[20]. A solid bolus (cracker) was given if the patient had
adequate dentition for mastication. Aspiration was defined
as the entry of material into the airway below the level of
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the true vocal folds [21]. No attempt was made to quantify
amount of aspiration. A safe swallow was defined as no
aspiration during FEES.

A 100% nonblinded agreement between the endoscopist
and assisting healthcare professional, e.g., physician, reg-
istered nurse, or respiratory therapist, was required to
confirm aspiration status. Also, the endoscopist was blin-
ded to results of the pretracheotomy FEES. In addition, the
endoscopist who performed all FEES testing in the present
study (SBL) participated in a recent investigation that
reported an intrarater reliability of 100% for tracheal
aspiration with FEES [20].

Statistical analysis was performed using SPSS 16.0
(SPSS Inc., Chicago, IL). Differences between duration of
tracheotomy tube placement and age were analyzed with
the Student’s r-test and the y° test was applied for non-
parametric nominal data.

Results
Direct Replication Study

Table 1 shows aspiration status for all participants pre- and
post-tracheotomy. Results indicated that 22 of 25 (88%)
participants exhibited either the same aspiration status or
resolved aspiration pre- versus post-tracheotomy. Post-
tracheotomy, three participants exhibited deteriorated
medical conditions which resulted in new occurrences of
aspiration and four participants exhibited improved medi-
cal status which resulted in resolved aspiration (Table 2).
Excluding these seven participants, all nine participants
who aspirated pretracheotomy also aspirated post-trache-
otomy, and all nine participants who did not aspirate pre-
tracheotomy also did not aspirate post-tracheotomy
(P > 0.05). Chi-squared analysis indicated that aspiration
status was independent of tracheotomy (3* = 0.08, df = 1,
P > 0.05).

Examination of Table 1 reveals that the number of days
post-tracheotomy was not statistically significantly different
(P > 0.05) for participants who aspirated (X = 8.8 days)
versus participants who did not aspirate (X = 9.2 days).
Participants who aspirated pretracheotomy were not statis-
tically significantly older than participants who aspirated
post-tracheotomy (X = 63.2 years, SD [standard devia-
tion] = 10.37 versus 64.8 years, SD = 10.92, P > 0.05).
Similarly, participants who did not aspirate pretracheotomy
were not significantly older than participants who did not
aspirate post-tracheotomy (X = 60.6 years, SD = 9.38
versus X = 59.3 years, SD = 8.17, P > 0.05).

In addition, there was no statistically significant
difference for the number of days between pretracheotomy
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Table 1 Participant demographics and aspiration status

# Sex Age (years) Diagnosis/procedure Aspiration status Days since
tracheotomy
Pre-tracheotomy Post-tracheotomy
1 M 50 Respiratory failure —Aspiration —Aspiration 3
2 F 70 Thoracic aneurysm repair + Aspiration —Aspiration® 10
3 F 55 Respiratory/heart failure — Aspiration — Aspiration 3
4 F 83 COPD + Aspiration + Aspiration 10
5 M 56 Respiratory failure + Aspiration + Aspiration 14
6 F 55 MVC + Aspiration + Aspiration
7 F 58 Respiratory failure + Aspiration —Aspiration®
8 F 68 Fever, dehydration + Aspiration —Aspiration® 34
9 F 64 Cancer cervix + Aspiration + Aspiration 7
10 M 58 ARDS —Aspiration —Aspiration
11 M 57 Pneumonia — Aspiration + Aspirationb 3
12 M 69 Basal ganglion hemorrhage —Aspiration —Aspiration 1
13 M 43 Fall/paraplegia + Aspiration —Aspiration® 19
14 F 84 Myasthenia gravis —Aspiration + Aspiration” 6
15 M 54 Pneumonia —Aspiration + Aspiration” 6
16 M 59 Respiratory failure + Aspiration + Aspiration
17 M 61 Brainstem stroke + Aspiration + Aspiration 5
18 M 61 Tetralogy of Fallot repair — Aspiration — Aspiration 17
19 F 53 Respiratory failure —Aspiration —Aspiration 14
20 M 79 Subtotal colectomy + Aspiration + Aspiration 33
21 M 62 Basilar artery aneurysm + Aspiration + Aspiration 6
22 F 67 Respiratory failure —Aspiration —Aspiration 3
23 M 55 Cardiac arrest —Aspiration —Aspiration 5
24 M 63 Bladder cancer + Aspiration + Aspiration 9
25 F 64 Respiratory failure —Aspiration —Aspiration 7
Total
14 M Mean age = 61.9 + Aspiration = 13/25 (52%) 12/25 (48%) Mean days = 9.0
11 F Range = 43-84 —Aspiration = 12/25 (48%) 13/25 (52%) Range = 1-34

MVC motor vehicle crash, COPD chronic obstructive pulmonary disease, ARDS acute respiratory distress syndrome

# Improved medical condition post-tracheotomy

® Deteriorated medical condition post-tracheotomy

FEES and post-tracheotomy FEES based upon aspira-
tion status (N = 13 nonaspirators, X = 21.5 days, SD =
20.72, range = 6-69 days versus N = 12 aspirators, X =
25.7 days, SD = 22.13, range = 3-86 days, P > 0.05).
Finally, in order to determine when safe oral feeding could
begin, four patients (Nos. 4, 6, 16, and 20) who aspirated
pretracheotomy and two patients (Nos. 11 and 15) who
swallowed successfully pretracheotomy but exhibited dete-
riorated medical conditions (see Table 2) had two to four
FEES examinations post-tracheotomy. All six patients con-
tinued to aspirate during these post-tracheotomy serial FEES
evaluations and were kept nil by mouth.

Combined Data from Direct Replication Study
with First Leder and Ross [8] Study

Participant data from the current direct replication study
(N = 25) were combined with participant data from the
first study (N = 20) [8], permitting analysis of a much
larger sample size, i.e., total N = 45; 26 males and 19
females; X = 65.8 years, range = 43-84 years. This
allowed for achievement of an important goal of the current
direct replication study, i.e., verification of facts [14]
from the original study [8]. Results of aspiration status pre-
versus post-tracheotomy indicated that 41 of 45 (91%)
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Table 2 Reasons for pre- versus post-tracheotomy changes in aspi-
ration status

Deteriorating medical conditions resulting in new aspiration post-
tracheotomy

Participant 11: Hypercarbic respiratory failure requiring intubation

Participant 14: Acute decompensation due to myasthenia gravis
exacerbation

Participant 15: Hypercarbic respiratory failure requiring intubation
Improving medical conditions resulting in resolved aspiration post-
tracheotomy

Participant 2: Improving respiratory status, off ventilator completely,
and able to ambulate

Participant 7: Improving respiratory status and ventilator dependent
only at night

Participant 8: Improving respiratory status and off ventilator
completely

Participant 13: Improving mental status and off ventilator completely

participants exhibited either the same aspiration status or
resolved aspiration pre- versus post-tracheotomy. Number
of days post-tracheotomy was not significantly different
(P > 0.05) for participants who aspirated (X = 13.3 days)
versus participants who did not aspirate (X = 11.3 days).
Participants who aspirated pretracheotomy were not sig-
nificantly older than participants who aspirated post-tra-
cheotomy (X = 66.4 years, SD = 10.85 versus 67.4 years,
SD = 10.66, P > 0.05). Similarly, participants who did not
aspirate pretracheotomy were not significantly older than
participants who did not aspirate post-tracheotomy
(X = 65.1 years, SD = 12.26 versus 63.8 years, SD =
12.21, P > 0.05)

Discussion

The results from the initial study [8], the current direct
replication study, and the combined data are all in agree-
ment regarding the finding of no causal relationship
between tracheotomy and aspiration status. Specifically,
since over 90% of participants exhibited the same or
resolved aspiration status pre- and post-tracheotomy, the
lack of a causal relationship was confirmed between tra-
cheotomy and aspiration [8]. No statistically significant
differences were found for either number of days post-tra-
cheotomy and aspiration status or age and aspiration status.

What is of primary importance to resolution of
aspiration in this population is improvement in medical
condition, mental status, physical strength [22], and dis-
continuation of medications used to treat the critically ill,
i.e., high-dose corticosteroids, neuromuscular blocking
agents, and sedatives [11, 23]. In conjunction with the lack
of a causal relationship between tracheotomy and
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aspiration, additional evidence supports the fact that the
presence or absence of a tracheotomy tube is also irrelevant
to swallowing success or failure [24-26]. Furthermore,
research has shown that swallowing dysfunction can con-
tinue following decannulation [9] and, conversely, swal-
lowing improvement can occur when the tracheotomy tube
remains [11]. This is corroborated by the present study as
four participants exhibited resolution of aspiration with the
tracheotomy tube in place due to improvement in their
general medical condition.

Conclusions

This direct replication study confirmed previous findings
[8], i.e., there is no causal relationship between tracheot-
omy and the presence of a tracheotomy tube and aspiration
status. In addition, no statistically significant differences
were found for age, number of days between pre- and post-
tracheotomy FEES evaluations, and number of days post-
tracheotomy based on aspiration status.
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