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Importance: When a neonate’s sucking, swallowing, and breathing are disorganized, oropharyngeal aspiration often occurs and
results in illness, developmental problems, and even death. Occupational therapists who work in the neonatal intensive care unit
(NICU) need to identify neonates who are at risk for aspirating so they can provide appropriate treatment.

Objective: To ascertain whether client factors and performance skills of infants ages 0–6 mo during occupational therapy feeding
evaluations are related to results of videofluoroscopic swallowing studies (VFSSs).

Design: Retrospective chart reviews.

Setting: 187-bed NICU in a nonprofit teaching hospital.

Participants: A purposive sample of 334 infants ages 0–6 mo, ≥33 wk gestational age at birth, admitted to a Level II, III, or IV NICU
as defined by the American Academy of Pediatrics.

Outcomes and Measures: Neonates were administered a feeding evaluation by an occupational therapist and a VFSS by a
speech-language pathologist, which yielded information about client factors and performance skills.

Results: Signs and symptoms of aspiration on the evaluations were significantly associated with VFSS results. Of 310 patients, 79
had silent aspiration. Of 55 infants who demonstrated no aspiration symptoms during the feeding evaluation, 45% demonstrated
aspiration symptoms on the VFSS, and 55% aspirated on the VFSS but demonstrated no symptoms of aspiration.

Conclusions and Relevance: Aspiration among infants occurs inconsistently and depends on client factors, contexts, and
environments. Occupational therapists are encouraged to assess an infant’s feeding over several sessions to obtain a more
accurate picture of the infant’s feeding status.

What This Article Adds: This study provides information that helps occupational therapists identify infants at risk for aspiration and
make optimal recommendations regarding safe feeding practices and appropriate referrals for a VFSS. Making appropriate referrals
for VFSS is also important in preventing unnecessary exposure to radiation for preterm infants.

Oral nipple feeding is a significant occupation of infants, and attainment of nutritive sucking is often the

primary criterion determining an infant’s readiness for discharge from the hospital (American Academy of

Pediatrics, 2008; Bertoncelli et al., 2012; Lau & Smith, 2011). Integrating sucking, swallowing, and breathing while in an

appropriate behavioral state is an infant’s most highly organized performance skill (Bertoncelli et al., 2012; Tamilia et al.,

2014). Swallowing safely is essential for growth and life (Rommel et al., 2014; Ulualp et al., 2013), and coordinated

feeding mechanisms are essential for speech (Selley et al., 1990) as well as for an infant’s social interaction and cultural

identity (AOTA, 2017). When sucking, swallowing, and breathing are disorganized, numerous difficulties can arise,

including aspiration. Aspiration occurs in two ways: (1) ingestion of food, liquid, or foreign objects into the airway

(oropharyngeal aspiration) and (2) movement of gastric contents into the lungs (Thach, 2007, 2008; Tutor & Gosa, 2012).

In this article, we address oropharyngeal aspiration during oral nipple feeding of infants ages 0–6 mo in the

neonatal intensive care unit (NICU).
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Consequences and Symptoms of Aspiration
Infants who aspirate are at risk for many problems, including minor respiratory problems, chronic lung disease,

pneumonia, asthma, malnutrition, neurodevelopmental problems, brain damage and other injuries, and even death

(Altkorn et al., 2008; Altmann & Ozanne-Smith, 1997; Beligere & Rao, 2008; Lefton-Greif et al., 2006; Oğuzkaya et al.,

1998; Prasse & Kikano, 2009; Thach, 2008; Tutor & Gosa, 2012). The presence of the laryngeal chemoreflex (LCR) in

younger infants is a symptom of oropharyngeal aspiration (Thach 2007, 2008). The LCR clears the airway of younger

infants and protects them from aspirating. As the LCR matures, apnea decreases, and coughing occurs or increases

(Thach, 2007, 2008). Other symptoms of aspiration are gagging, hiccups, cyanosis, dyspnea, choking, apnea,

bradycardia, wheezing, wet breathing, wet voice, nasal regurgitation, and noisy breathing (Rommel et al., 2014; Saki

et al., 2009; Shany et al., 2002; Sheikh et al., 2001).

Not all infants cough, choke, or exhibit respiratory symptoms, however, when they aspirate (silent aspiration;

Arvedson, 2008; Ayoob & Barresi, 2007; Weir et al., 2011). Silent aspiration may occur as a result of numerous client

factors, including sensory and feedback deficits. Without symptoms, aspiration often goes undetected or is mis-

diagnosed andmay eventually causemorbidity and evenmortality (Shany et al., 2002). Infants with silent aspiration are

at high risk for developing pneumonia and other respiratory disorders (Oğuzkaya et al., 1998; Saki et al., 2009).

Risks for Aspiration
Many risks for oropharyngeal aspiration among infants have been identified, including anatomical differences between

infants and older children (John & Swischuk, 1992), deficient cough reflex in infants (Thach, 2007, 2008), and difficulty

coordinating swallowing and breathing (Altmann & Ozanne-Smith, 1997; Tamilia et al., 2014). Premature infants are

often intubated because of respiratory distress, pneumonia, bronchopulmonary dysplasia, or apnea, which increases

their risk of aspirating (Goodwin et al., 1985; Uhm et al., 2013). Goodwin et al. (1985) reported that 80% of premature

infants who have been intubated aspirate. Dysphagia often leads to aspiration (Arvedson et al., 1994; Lefton-Greif

et al., 2006). Kim et al. (2014) reported supraglottic penetration and subglottic aspiration in 33% of children with

dysphagia.

Disorders linked to aspiration among infants include laryngomalacia (Midulla et al., 2004), cleft palate, and cra-

niofacial syndromes (Miller, 2011). Children with Down syndrome are reported to be prone to aspiration, and O’Neill and

Richter (2013) recommended that all children with Down syndrome receive a videofluoroscopic swallowing study

(VFSS). Aspiration also occurs in typically developing full-term infants, who sometimes silently aspirate without any

known diagnosis (Rommel et al., 2014). According to Sheikh et al. (2001), typical infants who silently aspirate may

present with unexplained and isolated respiratory problems.

Tools to Assess Aspiration
Several tools are used to diagnose aspiration, including auscultation (Frakking et al., 2013; Vice et al., 1995),

radiography (Tutor & Gosa, 2012), fiberoptic endoscopic evaluation of swallow (Ulualp et al., 2013), automated

impedance manometry (Rommel et al., 2014), ultrasound (Arvedson, 2008), the Blue Dye Test (Altkorn et al., 2008;

John & Swischuk, 1992), and VFSS or modified barium swallow (Kim et al., 2014; López et al., 2014; Noll et al., 2011;

Silva-Munhoz et al. 2015).

VFSS is the gold standard for assessing swallowing disorders (Arvedson, 2008). Information from a VFSS

includes whether food enters the airway rather than the stomach, which oropharyngeal components function

incorrectly, which foods are safe to swallow, and which strategies facilitate swallowing (American Speech-Language-

Hearing Association, n.d.). A VFSS helps occupational therapists determine the most effective way to feed an

infant. Despite the benefits of VFSS, its use is controversial because it is invasive (Rommel et al., 2014) and can

cause harm. VFSS involves exposure to radiation, and the possible long-term effects of radiation on infants are a
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concern. Hall (2002, 2006) reported that children are more sensitive to radiation-induced cancer than adults, with

reported exposure resulting in leukemia, breast cancer, and developmental delay. Infants are often not referred for

VFSS until they present with a serious respiratory illness (Noll et al., 2011). Occupational therapists need evidence

to identify infants ages 0–6 mo in the NICU who would benefit from having a VFSS. Therefore, the relation of VFSS

results to client factors and performance skills assessed during oral feeding evaluations by occupational therapists

needs to be determined.

Purpose
The purpose of this study was to ascertain whether clinical indictors of aspiration observed by occupational therapists

during oral nipple feeding evaluations of infants ages 0–6 mo admitted to a Level II, III, or IV NICU after birth were

significantly associated with aspiration during a VFSS.With better identification of the client factors associated with the

results of a VFSS, occupational therapists can help prevent infants who do not need a VFSS from being exposed to

radiation. The research question was “Which factors in occupational therapy oral feeding evaluations are associated

with a diagnosis of aspiration on the VFSS?”

Method
We conducted a retrospective chart review of 334 infants who met the following inclusion criteria: ages 0–6 mo;

admitted after birth to a Level II, III, or IV NICU as described and defined by the American Academy of Pediatrics (2012);

had a gestational age (GA) ≥33 wk; and had a feeding evaluation by an occupational therapist and a VFSS by a

speech-language pathologist. GA was defined as age at birth from last known menstrual cycle calculated in days. No

early preterm (<32 wk) infants were included because oral feeds are initiated later. Only data obtained from the infant’s

first feed with an occupational therapist were collected and analyzed. Data from additional feeding sessions with an

occupational therapist were excluded.

We used International Classification of Diseases, 10th Version (World Health Organization [WHO], 2016) codes

to obtain the purposive sample. Client factors and performance skills examined included demographics; medical di-

agnosis; behavioral state; muscle tone; gag reflex; coordination of suck, swallow, and breathing; tongue function;

aspiration signs and symptoms (apnea, bradycardia, choking, coughing, gagging, increased nasopharyngeal congestion,

tachycardia, tachypnea, wet breath sounds); wet chest after feeds; wet voice after feeds; signs and symptoms of reflux

(apnea, arching, avoidance behaviors, bradycardia, choking, congestion, emesis, frequent pulls away from nipple,

gagging, increased nasopharyngeal congestion, increased irritability, oral aversion, poor weight gain, wet burps, wet

hiccups, other); and changes in vital signs during feeding. A copy of the occupational therapy (OT) feeding evaluation

may be obtained from O. Jayne Bowman. Three data collectors (graduate occupational therapy students) were trained

to record data from medical records and to code and enter the data into the database. Raters obtained 85% agreement

with the primary trainer (Rose Toruno) before initiating data collection. Agreement between data collectors and the

trainer ranged from 87% to 95%. Approval was obtained from the appropriate institutional review boards.

Results
We used the x2 test to examine bivariate associations of categorical variables with aspiration andWilcoxon rank-sum

and Mann–Whitney U tests to investigate associations with quantitative variables. Logistic regression was used to

investigate multivariate associations of risk factors with presence of aspiration. All candidate predictors exhibiting a

statistically significant (a = .05) bivariate association with aspiration were included in the multivariate logistic re-

gression model. We used SAS (Version 9.4; SAS Institute Inc., Cary, NC) for all data analyses except the receiver

operating characteristic (ROC) curve analysis, which was performed using IBM SPSS Statistics (Version 23; IBM

Corporation, Armonk, New York). A power analysis using the Fleiss et al. (1980) method indicated that 117 patients
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with aspiration present and 172 patients without aspiration would provide 81% statistical power to detect a true odds

ratio of 2.00.

Three hundred thirty-four infants met the inclusion criteria, with 136 (41%) diagnosed with aspiration and 195 (59%)

not diagnosed with aspiration (aspiration data were missing for 3). The number of preterm infants who met the inclusion

criteria was 167 (50%; Table 1). The bivariate odds ratio indicated no statistical differences between middle preterm

infants (GA 32 wk, 0 days–33 wk, 6 days) and late preterm infants (GA 34 wk, 0 days–36 wk, 6 days). Silent aspiration

data were available for 310 (93%) of the 334 patients, of whom 79 (25%) had silent aspiration. The majority of patients

had respiratory disorders (72%) and congenital heart anomalies of the sternum (69%).

In the bivariate analysis, aspiration signs and symptoms (x2 = 6.1, p = .009), other diagnoses (x2 = 8.3, p = .004),

genetic disorders (x2 = 6.2, p = .013), vocal cord paralysis or paresis (x2 = 5.5, p = .019), history of intubation (x2 = 11.5,

p < .001), thoracic congenital heart anomalies (x2 = 7.0, p = .008), and pneumonia or atelectasis (x2 = 12.4, p < .001)

were all significantly associated with increased risk of aspiration. However, in the multivariate analysis, only aspiration

signs and symptoms (x2 = 5.6, p = .018), history of intubation (x2 = 5.8, p = .016), and pneumonia or atelectasis (x2 = 5.1,

p = .024) significantly increased the risk of aspiration after adjusting for the other

covariates in the logistic regression model (Table 2).

The fitted multivariate logistic regression model contributed significantly to

prediction of the presence of aspiration (x2 = 35.6, p < .001), with 70% of the area

under the ROC curve (Figure 1). The Hosmer–Lemeshow goodness-of-fit test

did not indicate a significant lack of fit for the multivariate logistic regression

model (x2 = 4.3, p = .746). The highest overall accuracy (66%) of the fitted logistic

regression model in predicting the presence of aspiration was obtained by using

a cutoff that considered any patient with a predicted probability of aspiration

higher than 46% as positive and any patient with a predicted probability of as-

piration of 46% or lower as negative. This cutoff yielded a sensitivity of 52%,

specificity of 76%, a false-positive rate of 41%, and a false-negative rate of 31%.

Fifty-eight infants who did not demonstrate overt signs and symptoms of

aspiration during the OT evaluation aspirated during the VFSS. Of those 58

infants, 55 had data available on signs and symptoms of aspiration during the

VFSS. Of these 55 infants who did not demonstrate overt signs and symptoms of

aspiration on the OT evaluation, 25 (45%) demonstrated positive signs and

symptoms of aspiration during the VFSS, and 30 (55%) consistently demon-

strated no signs and symptoms of aspiration despite the presence of aspiration

on the VFSS. Moreover, in the total data set, 79 infants (24%) demonstrated silent

aspiration during the VFSS.

Discussion
In the bivariate analysis, aspiration signs and symptoms from the OT feeding

evaluations were significantly associated with increased risk of aspiration and

were also significant in the multivariate logistic regression model, thus an-

swering the research question. However, the sensitivity (52%), specificity (76%),

positive predictive value (48%), and negative predictive value (66%) were fairly

low, with an overall accuracy of 57%.

Much literature on aspiration in infants is available; however, we were unable

to locate any that examined associations between performance of infants

Table 1. Client Factors (N = 334)

Client Factor n (%)

Gender (N = 333)
Male 189 (57)
Female 144 (43)

Ethnicity (N = 313)
White/non-Hispanic 111 (35)
White/Hispanic 52 (17)
Black 129 (41)
Other 21 (7)

Gestational age at birth (N = 334)
<37 wk 167 (50)
≥37 wk 167 (50)

Aspiration (N = 331)
Present 136 (41)
Absent 195 (59)

History of intubation 112 (34)
Diagnosesa (N = 334)
Intraventricular hemorrhage 53 (16)
Hydrocephalous 32 (10)
Hypoxi-ischemic encephalopathy 13 (4)
Genetic disorder 80 (24)
Metabolic mitochondrial disorder 14 (4)
Sternum congenital heart anomaly 230 (69)
Thoracic congenital heart anomaly 64 (19)
Respiratory disorder 242 (72)
GI disorder 162 (49)
Transesophageal echocardiogram 4 (1)
Stridor (high-pitched breathing) 55 (16)
Tracheomalacia 15 (5)
Vocal cord paralysis or paresis 48 (14)
Craniofacial anomalies 42 (13)
Pneumonia or atelectasis 81 (24)

Note. Ns for each client factor differ because
the number of missing responses for each
differed. GI = gastrointestinal.
aPatients could have multiple diagnoses.
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ages 0–6mo in the NICU on occupational therapy

feeding evaluations and on VFSS. This study

helps fill that void. Numerous methods to identify

feeding problems are available, but the clinician

must select the instrument that is most useful

(Martin-Harris & Jones, 2008). The VFSS is the

instrument of choice of most clinicians who treat

swallowing disorders because it provides infor-

mation that helps to confirm a diagnosis of aspi-

ration and helps develop treatment plans. VFSS

results can also help document improvement in

swallowing. The importance of feeding problems, including aspiration, as a topic for occupational therapists to in-

vestigate cannot be overemphasized. Arvedson (2008) reported that the incidence of feeding disorders is between

25% and 45% among typically developing children and as many as 80% in children with developmental disabilities.

WHO’s (2012) report revealed that feeding disorders are a worldwide problem.

Intubation was statistically significant in the multivariate analysis. It is difficult to determine whether post-extubation

played a role in causing aspiration because of issues such as subglottic edema or vocal cord injury or whether the acuity

of illness requiring intubation led to fragility and weakness in those infants, resulting in aspiration. Although the

multivariate analysis found that pneumonia and atelectasis were significant factors, we cannot determine whether

pneumonia occurred before the feeding evaluation and VFSS or whether the severity of illness in those infants led to

aspiration.

Regarding infants who aspirated during the VFSS but who demonstrated no overt signs and symptoms of aspiration,

the signs and symptoms manifested by many infants differed during the OT evaluation compared with the VFSS. More

than half (55%) of infants who demonstrated no overt signs and symptoms of aspiration during the OT evaluation or the

VFSS aspirated during the VFSS. Of the 334 infants in the data set, 79 (24%) demonstrated silent aspiration during the

VFSS. In their study of infants diagnosed with dysphagia, Newman et al. (2001) reported that 81% exhibited silent

aspiration on a VFSS. In addition to having a larger sample size, the current study included infants with clinical signs of

aspiration and those without, perhaps accounting for the difference.

This study’s results are consistent with the literature that aspiration in infants varies from feed to feed, depending on

the interaction of client factors (such as the infant’s behavioral state, degree of fatigue, extent of hunger, feeding

position, gastrointestinal conditions), textures of food and drink, temporal context, and environments. The results are

also consistent with occupational therapists’ emphasis that performance skills depend on the dynamic interaction

among client, context, and activity (AOTA, 2014). Although the patients’OT evaluations and the VFSS were conducted

during the same hospitalization, the physical and social environments of a VFSS and a bedside feeding evaluation by

an occupational therapist differ. Those differences can affect the outcomes of VFSS and occupational therapy feeding

evaluations. Because aspiration in infants ages 0–6 mo in the NICU is inconsistent in nature, more precise comparison

of occupational therapists’ findings with those of VFSS requires that occupational therapy evaluations occur con-

currently with VFSS to control for context and environment.

Limitations
Limitations of this study include that the analyses included only data from infants 0–6 mo who had a GA of ≥33 wk; who

were admitted to a Level II, III, or IV NICU after birth; and who received a feeding evaluation by an occupational therapist

and a VFSS from a speech-language pathologist during the same hospitalization and from an infant’s first OT feeding

evaluation.

Table 2. Bivariate and Multivariate Associations With Aspiration

Risk Factor

Unadjusted Adjusted

OR [95% CI] p OR [95% CI] p

Aspiration signs & symptoms 1.76 [1.10, 2.83] .020* 1.84 [1.11, 3.04] .018*
Other diagnoses 1.94 [1.12, 3.37] .018* 1.78 [0.99, 3.21] .055
Genetic disorder 1.88 [1.10, 3.22] .021* 1.48 [0.81, 2.72] .207
Vocal cord paralysis or paresis 2.08 [1.08, 4.000] .029* 1.94 [0.97, 3.86] .060
History of intubation 2.35 [1.38, 3.99] .002* 2.00 [1.14, 3.52] .016*
Thoracic congenital heart anomaly 2.03 [1.11, 3.71] .021* 1.47 [0.74, 2.91] .268
Pneumonia or atelectasis 2.27 [1.33, 3.87] .003* 1.92 [1.09, 3.39] .024*

Note. CI = confidence interval; OR = odds ratio.
*Statistically significant association at a = .05.
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The broad diagnostic categories

used in the analyses may have diluted

the risk of aspiration for a specific di-

agnosis. For example, all infants with

intraventricular hemorrhage were in-

cluded in a single diagnostic category;

therefore, we cannot determine whether

an infant with a Grade 4 intraventricular

hemorrhage has a higher risk for as-

piration than an infant with a Grade 1

intraventricular hemorrhage. Moreover,

the signs and symptoms of aspiration

on the feeding evaluation were grouped

for the analysis; therefore, we cannot

ascertain whether a specific sign or

symptom was associated with aspira-

tion during a VFSS.

Implications for
Occupational
Therapy Practice
Feeding is the most significant occu-

pation in which infants 0–6 mo engage,

and oropharyngeal aspiration is a fre-

quent problem encountered when

feeding infants in the NICU. The gold

standard for diagnosing aspiration is

the VFSS, which is invasive andmay have long-term negative effects on infants because of their sensitivity to radiation.

The results of this study have the following implications for occupational therapy practice:
n Feeding evaluations of infants in the NICUmust be conducted over several sessions, and occupational therapists

must be vigilant in identifying the presence of aspiration over time.
n Occupational therapists must educate parents of at-risk infants in the signs and symptoms of aspiration and in safe

feeding practices so caregivers can help ensure the safety of their children after discharge.
n Signs and symptoms of aspiration from OT feeding evaluations were significantly related to VFSS results. This

information can help occupational therapists make optimal recommendations regarding safe feeding practices and

appropriate referrals for a VFSS.
n When conducting feeding evaluations, occupational therapists may need to give special attention to infants who

have a history of intubation, pneumonia, or atelectasis, regardless of the child’s diagnosis.

Conclusion
Aspiration in infants in the NICU may not occur with every feed because occupational performance depends on the

dynamic interaction of the client’s factors, textures ingested, temporal context, and social and physical environments of

the feeding session. Current practice is to promote early achievement of feeding and quick discharge of infants to

minimize costs. This may place infants who aspirate inconsistently at risk and lead to hospital readmissions. Ultimately,

this practice may be more costly and leads to greater morbidity among infants.

Figure 1. Receiver operating characteristic curve showing sensitivity
and specificity when using estimated probabilities from the multi-
variable regression model to predict aspiration.
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It is recommended that occupational therapists who evaluate feeding of infants in NICUs obtain information over

several feeding sessions. Moreover, in addition to teaching caregivers of high-risk infants appropriate feeding tech-

niques, occupational therapists must educate them to recognize signs and symptoms of aspiration. Roper and David

(1987) stated that the sharp decline in deaths of infants younger than age 3 mo from choking in England and Wales

resulted from educating caregivers in infant feeding practices. That decline suggests that a reduction in the morbidity

and mortality of infants in the United States from aspiration may also be possible if occupational therapists educate

caregivers about best feeding practices.

Because of their unique education and training, occupational therapists who work in the NICU are in an excellent

position to take a health promotion and risk prevention approach by identifying and treating aspiration in at-risk infants

and by educating caregivers. That approach may help reduce the morbidity and mortality of infants not only during

hospital stays but also after discharge. Helping infants improve their feeding skills and patterns will also facilitate their

engagement in the occupations of play participation and play exploration, which are requisite for their development.
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