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Abstract

Background Videofluoroscopic swallowing study (VFSS)
is considered to be the gold standard method in assessing
the risk of aspiration. Not infrequently, children who
undergo VFSS are on tube feeds.

Objective To investigate the reliability of the findings of VFSS
when a nasogastric tube is in place at the time of the study.
Materials and methods A retrospective review of VFSS
covered a 6.5-year period. This review included only
patients who had studies performed both with and without
a nasogastric tube in place. Ninety-two studies (46 with and
46 without a nasogastric tube) were assessed in 46 children
(30 boys, 16 girls) with a mean age of 6.7 months. The
VFSS checklist of findings included weak sucking, incoor-
dination, nasopharyngeal reflux, valecular and pyriform
sinus pooling, penetration, aspiration and associated cough
or respiratory compromise. We compared the occurrence
rates of these events between studies with and without a
nasogastric tube.

Results No significant statistical difference was found in
the occurrence of the different swallowing events during
VFSS in the two groups. The presence of a nasogastric tube
does not significantly alter the association of cough;
however, it shows a moderately significant (P=0.06) higher
incidence of clinical respiratory compromise if aspiration
does occur (8.5% of aspiration events).

Conclusion The presence of a nasogastric tube does not
alter the findings of VFSS; however, it might increase the
incidence of respiratory compromise when aspiration is
present.
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Introduction

The videofluoroscopic swallowing study (VFSS) is com-
monly used in infants and children. It is considered to be
the gold standard method for assessing the risk of aspiration
[1]. The main aim of VFSS is to identify the food
consistencies that can be safely swallowed by the child
and to guide dietary management to reduce the likelihood
of aspiration. Not infrequently, infants and children with
feeding difficulties who undergo VFSS are on enteral feeds
via a nasogastric tube (NGT). During a 6.5-year period a
total of 1,964 VFSS procedures were performed in our
department, of which 113 studies (5.8%) were performed
with an NGT in place. Our study investigated the reliability
of VFSS findings with an NGT in place.

Huggins et al. [2] conducted VFSS in 10 normal young
adults and examined the effects of an NGT on their
swallowing mechanisms. They concluded that NGTs slow
swallowing, but do not alter its functions, namely clearance
and airway protection. They also suggested that the NGT
actually prevents aspiration by stimulating earlier closure of
the laryngeal vestibule. This study only determined NGT
effects on normal adults and the observations were limited
to the short-term effects of NGT. Hiorns and Ryan [1] in
their review of current practice in paediatric videofluoro-
scopy considered removing the NGT before conducting
VFSS unnecessary in most cases. More recently, Leder and
Suiter [3] examined the effects of NGT on the incidence of
aspiration in two separate groups of patients with dyspha-
gia, one with and one without an NGT [3]. They injected
liquid and puree during a fiberoptic endoscopic evaluation
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of swallowing (FEES) and found no statistically significant
difference in aspiration status. Their population sample was
heterogeneous and did not reflect subjects at age extremes
such as very young patients; in addition, they did not study
NGT effects in the same individual.

Our study investigates the effects of an NGT on the oral
and pharyngeal phases of swallowing in infants and
children with swallowing dysfunction based on a compar-
ison between similar food consistencies given orally with
both an NGT tube present and not present in the same
patient.

Materials and methods

Our institutionally approved review is a retrospective
analysis of videofluoroscopic swallowing studies performed
in a 6.5-year period (January 2002 to June 2008) using the
VFSS assessment sheets completed by the radiologist at the
time of the study and stored on our PACS. The actual video
of the VFSS was not reviewed. Only children having
studies done with and without NGTs were included. The
score sheets of 92 studies were reviewed (46 children on
two occasions, 30 boys and 16 girls), with each child
having one study performed with and one without an NGT
in place. Studies done with similar consistencies and with
the closest intervals were chosen.

The findings noted on the VFSS assessment sheets
included weak sucking, incoordination, nasopharyngeal
reflux (NPR), valecular and pyriform sinus pooling,
laryngeal penetration, tracheal aspiration and associated
cough or respiratory compromise. In each child, the
occurrence rates of each of the different events were
estimated and compared between the studies done with
and without an NGT.

The mean age of the children included in the review was
6.7 months at the time of their first study (2 weeks to
6.5 years) with 38 children (83%) being younger than
1 year of age. The time interval between the studies done
with and without NGTs was 2 weeks to 18 months, with a
mode of 3 months.

Most children had underlying medical conditions that
might impair their swallowing mechanism, with genetic
syndromes and post-cardiac and tracheo-oesophageal fistula
surgery being among the commonest (Table 1).

The main indication of the second VFSS was to optimize
the safest food consistency appropriate for the child’s age
and nutritional and developmental status. In those having
their first study done with an NGT, the study was repeated
after the removal of the NGT to confirm the persistence of
the findings.

The studies were conducted in conjunction with an
occupational therapist and were performed on an Advantx
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Table 1 Underlying medical conditions

Medical disease n=46 Percentage (x100/n)
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Genetic syndromes:
Trisomy 21

22q11 deletion

VACTERL association

Cri du chat syndrome
CHARGE association
Treacher Collins syndrome
Leigh disease

Larsen syndrome

1P-36 deletion
Chromosome 1 deletion
Mosaic trisomy 9

Spinal muscular atrophy 1
Blepharophimosis syndrome
ATRX syndrome

Not yet diagnosed

(NSRS RS B L I S R S e S e S S L
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Vocal cord paralysis

Ju—
W

Oesophageal Atresia and TEF

0
9

Developmental delay

A
9

Aspiration pneumonia

N

Chronic lung disease
Seizure disorders
Gastro-oesophageal reflux disease

Oesophageal trauma

L I S T VS R o N B e e S 2 S I SR S ]

NN A

Hypotonia

SFX R/F unit (GE Healthcare, Waukesha, WI, USA) before
January 2006, then on a pulsed fluoroscopic unit (Precision
500D; GE Healthcare, Waukesha, WI, USA) thereafter.

Results

Statistical analysis was performed using SPSS version 14.0.
Table 2 summarises the results.

The mean age of patients without an NGT was
9.9 months compared to a mean age of 7.4 months for the
group with an NGT (P value of 0.70).

Aspiration was found in 47 studies (51% of all studies).
Twelve children had aspiration in studies done both with
and without NGT, 16 children had aspiration only with an
NGT and 7 only without an NGT with no significant
differences noted between groups (P value=0.22). Aspira-
tion was silent in 40 studies (85%). In five studies, cough
occurred with an NGT in place; in two studies, it occurred
without an NGT (P value=0.23). Respiratory desaturation
occurred in four studies (4.3% of all studies) with all
incidences occurring after aspiration (8.5%) and with an
NGT in place (P value=0.06). Three of the four patients
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Table 2 Data analysis of differ-

ent events occurring in video- Swallowing event Studies n (Incidence)  Event occurrence (number of patients) P value

fluoroscopic swallowing studies:

“n” is the total number of With and Only with ~ Only without

studies in which the events without NGT ~ NGT NGT

occurred, the numbers in the

next three columns represent the ~ Aspiration 47 (51%) 12 16 7 0.22

number of patients with the /with cough 7 (15%) 0 5 0.23

event /with resp. compromise 4 (8.5%) 0 4 0 0.06
Penetration 45 (49%) 11 13 10 0.34
Valecular pooling 20 (22%) 1 7 11 0.24
Pyriform sinus pooling 16 (17.5%) 1 9 5 0.21
Nasopharyngeal reflux 18 (19.6%) 4 4 6 0.38
Incoordination 6 (6.5%) 0 4 2 0.34
Weak sucking 4 (4.3%) 0 2 2 0.69

with respiratory compromise were neonates with serious
underlying medical conditions (two post-EA/TEF surgical
repair and one with Cri du chat).

No significant statistical difference for laryngeal pene-
tration was found (P=0.34). Penetration was seen in 45
studies (49% of all studies). Eleven children had penetra-
tion in studies done both with and without an NGT, 13 had
penetration with an NGT and 10 without.

Similarly, valecular and pyriform sinus pooling did not
demonstrate any significant difference between the two
groups (P values of 0.24 and 0.21, respectively). Nasopha-
ryngeal reflux (NPR), incoordination and weak sucking
also showed no significant statistical differences with
P values of 0.38, 0.34 and 0.69, respectively.

Discussion

Feeding and respiration are fundamental activities essential
for survival. These activities intersect in the upper aero-
digestive tract, which represents one of the most complex
neuromuscular units in the human body [4].

There are four phases of swallowing: the oral prepara-
tory, oral, pharyngeal and oesophageal. These occur in
three distinct anatomical regions, the oral cavity, pharynx
and oesophagus.

VESS (also called modified barium swallow) provides
fluoroscopic evaluation of the unseen portion of swallow-
ing. The patient is examined in a sitting or semi-sitting
position and is orally given a range of fluid and food
textures mixed with barium or other contrast media.

There are variable protocols regarding the correct order
of presentation of the different food consistencies to be
assessed. Some prefer to start with the safest consistency
(puree/soft food), others prefer to start with the consistency
that is least likely to cause residue after swallowing
(liquids), while others prefer to start with a child’s favourite
food to gain cooperation [1]. Most of the time, the texture

about which there is most concern is the first to be
examined.

Not infrequently, infants and children with feeding
difficulties and swallowing disorders will have an NGT in
place at the time of their feeding study, 5.7% of the VFSS
in our experience. Most feeding tubes are made of a silastic
material, which makes them smaller and softer than
polypropylene gastric tubes.

Our data showed no significant statistical difference
when correlating a child’s age with presence or absence of
an NGT (P value of 0.70). This indicates a homogeneous
age distribution and eliminates age as an effective variable.

Most abnormal swallowing events occur during the
pharyngeal phase, aspiration being the most common in
our series (51% of all studies) followed by penetration and
valecular pooling (49% and 22%, respectively). Aspiration
is defined as barium entering the airways and extending
below the level of the vocal cords; the latter are marked by
the inferior tips of the pyriform sinuses (Fig. 1) [5]. A
nasogastric tube is thought to interfere with the anatomical
integrity of the esophagus and partially obstruct its upper
sphincter. It is also believed to repetitively stimulate the
pharynx, causing desensitization of its reflexes and increas-
ing the pharyngeal secretions [2, 6]. Theoretically, all of
these factors would increase the incidence of aspiration;
however, our data confirm Huggin’s and Leder’s results that
no statistically significant effects of an NGT are found on
the incidence of aspiration (P=0.22) [2, 3]. Our study also
shows that an NGT does not protect against aspiration, as
Huggin’s previously suggested [2].

In our series, aspiration was silent in 85%, which is close
to what is estimated in the literature (70-94%) [1]. This
percentage would likely be even higher in children with
neurologically based dysphagia. The presence of an NGT
did not significantly alter the association of cough (P value
of 0.23); however, it was associated with moderately
significant (P=0.06) higher incidence of respiratory com-
promise if aspiration did occur (8.5% of aspirations).

@ Springer



320

Pediatr Radiol (2011) 41:317-321

Fig. 1 Tracheal aspiration. VFSS fluoroscopic spot view shows a
tracheal aspiration with thin liquid consistency in a child with
posterior fossa neoplasm and vocal cord palsy

Neonates and those with serious medical illnesses are at
a higher risk of respiratory compromise during a VFSS.
In our experience, the presence of a qualified nurse and
pulse oximetry and functioning resuscitation equipment,
including suctioning and oxygen delivery devices, are
appropriate.

Laryngeal penetration occurs when contrast agent enters
the airways, but does not extend below the level of the vocal
cords. Its presence suggests incomplete airway protection.
The differentiation between deep penetration and aspiration
can sometimes be difficult. In our experience, it would be
more common to misinterpret deep penetration as an
aspiration rather than the opposite. The visualization of
barium coating the upper trachea is a frequent indicator of
aspiration. The presence of an NGT showed no significant
statistical difference in the status of penetration (P=0.34).

If there are difficulties in sensory awareness or problems
with timing and coordination, contrast medium will remain
in the pharynx during periods of airway opening. This is
seen as valecular and pyriform sinus pooling, which is a
high-risk situation for a delayed penetration or aspiration
(Fig. 2). It was shown that the duration of both pharyngeal
response and transit will increase with an NGT in place [2].
One would assume this would increase the incidence of
pooling; however, no significant differences were found in
our study (P values of 0.24 and 0.21 for valecular and
pyriform pooling, respectively) or in Huggin’s study [2].
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Fig. 2 Valecular and pyriform sinus pooling. Lateral fluoroscopic
spot view of a VFSS in a 6 1/2-year-old girl with prematurity, chronic
lung disease and Klippel-Feil syndrome

Fig. 3 Nasopharyngeal reflux. VFSS shows poor feeding coordina-
tion with thin liquid as well as thin puree consistencies in a young
infant with lissencephaly. Note the presence of a nasogastric feeding
tube
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Children unable to elevate the soft palate (neurologically
impaired) experience nasopharyngeal incoordination and
reflux (Fig. 3) [7]. NGTs were shown to prolong the duration
of velar elevation [2]; however, in our series there was no
significant difference in the incidence of nasopharyngeal
reflux in the presence or absence of an NGT (P=0.38).

In the oral phase, the abnormality might have an
anatomical aetiology such as cleft lip and palate, micro-
gnathia or macroglossia or be related to sucking or oral
motor dysfunction. The maturation of sucking and swal-
lowing in infants can be summarized by increased sucking
and swallowing rates, longer sucking bursts and larger
volume per suck [4]. Preterm infants born before 34 weeks
of gestational age have poor muscular tone and minimal
energy reserve and lack coordination between sucking,
swallowing and breathing. Children on long-term tube
feeding are unused to oral feeding and might simply refuse
to eat. Those with severe neurological impairment might be
unable to suck or lack sufficient tongue control.

In regard to the relation between food texture and
aspiration, it is widely believed that food viscosity is
inversely proportional to the likelihood of aspiration [8];
however, this might not be the rule in children with
underlying neurological diseases or those with valecular
and pyriform sinus pooling, the latter being more common
with thicker consistencies. Of the 92 studies we reviewed,
only 6 studies in 4 children didn’t follow this rule.
Interestingly, three of those children showed significant
pooling.

Although our review suggests that NGTs do not increase
the risk of aspiration, this doesn’t mean that they do not
carry a higher risk for aspiration pneumonia. It is believed
that the presence of an NGT predisposes a patient to
contamination of the pharyngeal secretions by Gram-
negative bacteria, which if aspirated can cause contamina-
tion of the lower respiratory tract [6, 9].

By comparing VFSS performed in the same individual,
we tried to eliminate effects from many variables including
age, sex and underlying medical condition; however, there
were other factors we could not control, such as the severity
of the underlying illness at times of VFSS and lack of
standardised protocols in relation to consistencies, order of

presentation, modalities of introduction (spoon, cup, straw,
etc.) and bolus volumes. A prospective study conducting
VFSS with tube-in and tube-out conditions during the same
session would be the best way to negate these and other
variables. Observer variations and lack of standardized
terms and methodology remain a continuing problem in the
interpretations of VFSS [10].

Conclusion

A nasogastric tube does not alter the findings of VFSS and
does not increase the risk of aspiration; however, it might
increase the incidence of respiratory compromise when
aspiration is present.
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