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Original Article

Bedside ultrasonography for the confirmation of gastric tube
placement in the neonate

ABSTRACT

Background: Naso/Orogastric tube (NOGT) misplacement can lead to significant complications. Therefore, the assessment
of tube position is essential to ensure patient safety. Although radiography is considered the gold standard for determining
NOGT location, new methods may be helpful in reducing repetitive radiation exposure, especially for neonates. In this study,
we sought to investigate if bedside ultrasonography (BUSG) can be used to verify NOGT placement in neonatal intensive
care patients.

Materials and Methods: Infants requiring NOGT placement were enrolled. After insertion of the NOGT, the location was
first identified using BUSG and then confirmed using abdominal radiography for comparison.

Results: The study cohort included 51 infants with an average gestational age of 34 + 4.9 weeks. BUSG determined the
NOGT location correctly with a sensitivity of 92.2%. The location of the NOGT could not be determined by BUSG in four
neonates (7.8%). In one infant, the NOGT was positioned in the esophagus, as determined both by BUSG and radiography.
Conclusion: BUSG is a promising diagnostic tool for determining NOGT location in neonates, thereby eliminating the need
for abdominal radiography.
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Introduction pulmonary hemorrhage.?* The risk of NOGT misplacement

is higher in various clinical scenarios, including patients with

The placement of a naso/orogastric tube (NOGT) is commonly
performed in the neonatal intensive care unit (NICU) for
enteral feeding, medication administration, and gastric
decompression.!"! Misplacement of the NOGT may result in
serious complications related to the location or inadvertent
trauma including gastric perforation, placement within
the tracheobronchial tree, aspiration, pneumothorax, and
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neurologic disabilities or sedated and critically ill newborns.P!
The incidence of misplacement has been reported to be
as high as 1.3-2.4% with the most serious complications
related to misplacement into the tracheobronchial tree
and respiratory tract.l’ Sites of incorrect placement also
include the upper esophagus and too deep into the stomach,
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representing 6% and 61% of cases, respectively.” While
pneumonia, atelectasis, lung abscess, apnea, bradycardia,
desaturation, and aspiration may result from inadvertent
placement into the tracheobronchial tree, incorrect
placement within the GI tract may result in gastroesophageal
reflux, esophageal perforation, malabsorption, diarrhea,
dumping syndrome, and inadequate weight gain, especially
in low-birth weight neonates.”” Therefore, it is essential
to ensure correct placement and verify the NOGT location
during placement and before use.

Verification methods such as measuring the NOGT length,
auscultation, capnography, observation of gastric aspirate,
gastric pH testing, and radiography have specific limitations.”!
While standard radiography is accepted as the gold standard
method, its use may be limited because of concerns related
to repeated radiation exposure for multiple placement
verifications. Furthermore, abdominal radiography does not
define the position of the gastroesophageal junction and the
pylorus, which are critical landmarks in ensuring the correct
NOGT location and cannot be used in real time during tube
placement.!"" Currently, there are no radiological standards
to confirm NOGT placement, especially in neonates, and
therefore, new methods for bedside confirmation of NOGT
placement and ongoing verification of its location in neonates
are needed.”

Ultrasonography is being used more frequently in various
clinical scenarios. Advantages of ultrasonography include its
ready availability in most ICUs, lack of radiation exposure,
and lower cost.l"l The efficacy of ultrasonography for the
verification of the NOGT location has been reported for
adult patients in various settings including prehospital
management, the emergency room, and the intensive
care unit.">" We have previously shown that bedside
ultrasonography (BUSG) can confirm NOGT location in
patients in the pediatric intensive care unit when performed
by a radiologist."® The current study prospectively evaluates
the efficacy of BUSG when determining NOGT location
in neonates. Since it is not always feasible to consult a
radiologist to perform BUSG for the verification of the
NOGT location, we also investigated whether a critical care
physician could perform BUSG.

Materials and Methods

This prospective study was performed over a 4-month
period in a tertiary NICU. The local clinical research ethical
committee approved the study (Ethics Committee Approval:
OMU-KAEK 2016/158), and written informed consent was
obtained from parents. According to the statistical power

analysis (statistical power of 98% and an alpha of 5%),
51 neonates requiring NOGT insertion were included in the
study. The decision to place the NOGT was made by the
attending neonatologist. All NOGTs were inserted by NICU
physicians. The depth of insertion was determined by
measuring the distance from the tip of the patient’s nose or
the corner of mouth to the earlobe and then from the earlobe
to the distance midway between the xiphoid process and
the umbilicus (Nose-ear-mid-umbilicus (NEMU) method).!"”)
According to our standard NICU protocol, the NOGT position
was confirmed using plain abdominal radiography before its
use for enteral feeding or medications.

For the purpose of this study, verification was first
conducted after insertion using BUSG followed by
abdominal radiography. A critical care physician who had
ultrasound experience for other clinical uses (central
venous catheter placement) received additional training on
esophageal and gastric ultrasound from a radiologist. The
gastric ultrasound was then performed by the physician
and the radiologist. As part of the training, the critical care
physician observed gastric ultrasound and verification of the
NOGT by the radiologist in 10 neonates. Afterward this, the
critical care physician performed the ultrasonography and
the radiologist evaluated his performance in an additional
cohort of neonates. When the technique and expertise of
the NICU physician were approved by the radiologist, the
critical care physician was approved to participate in the
evaluation of the 51 patients that were included in this
study.

Ultrasonography was performed using the Toshiba Xario
SSA-770A (Toshiba Medical Systems Corporation, Otawara,
Japan) with a 12-MHz linear-array transducer. The ultrasound
examinations included a longitudinal scan performed in
the sternal region. Two parallel hyperechogenic lines in
the esophageal lumen were visualized behind the heart
during longitudinal scanning using a cardiac window,
and the location of the NOGT was verified in the thoracic
esophagus [Figure 1a]. After visualizing the NOGT in the
esophagus, the NOGT was followed with a transducer
through the esophagogastric (EG) junction. At the EG
junction, the transducer was directed into the semi-sagittal
plane and the NOGT was visualized in the stomach using a
liver window [Figure 1b]. Confirmation was verified using
an abdominal radiograph [Figure 2]. The location of the
NOGT was then recorded using these two different methods.
Feeding and/or enteral medications were administered after
verification of the NOGT tip in the stomach. The time required
to perform the ultrasonography (procedure time) was also
recorded for each patient.
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Figure 1: (a) A transverse sonogram showing a naso/orogastric tube (arrows)
in the esophagus. The heart (H) and liver (L) can also be observed.
(b) A coronal oblique sonogram showing the naso/orogastric tube in the
stomach (S) entering through the esophagogastric junction. The liver
(I) can be observed

Statistical analyses were performed using SPSS 18.0
for Windows (SPSS Inc., Chicago, IL, USA). The data are
presented as the mean * standard deviation, median
(minimum-maximum), and frequency (%). The Shapiro—-Wilk
test was used to analyze the normal distribution assumptions
of the quantitative outcomes. The data were then analyzed
using a Mann-Whitney U test for non-normal data.
Sensitivity and positive predictive values were also evaluated.
A P value <0.05 was considered statistically significant.

Results

Fifty-one patients were included in the study including
22 (43%) preterm neonates. The average gestational
age was 34 = 4.9 weeks and the birth weight was
1910 = 895 g [Table 1]. During the study process, 72.5%
of the neonates were breathing spontaneously while the
remainder of the cohort (27.5%) was receiving positive
pressure support (mechanical ventilation in 11.8% and nasal
continuous positive airway pressure in 15.7%).

Ultrasonography verified the correct location of the NOGT
with a sensitivity of 92.2% (84.8-99.5%). The positive
predictive value was 100%. In one term neonate, the NOGT
was identified in the esophagus using ultrasonography and
then subsequently confirmed by direct radiography. The NOGT
could not be visualized in four (7.8%) patients (confidence
level: 95%). Two patients had gas bowel interposition
and two had hepatomegaly that obscured visualization
of the stomach during ultrasonography. Table 2 lists
the verification percentage of the NOGT location using
ultrasonography and radiography. The mean time to
perform the ultrasound (procedure time) was 3.6 = 2.1 min
(range: 1.4-10 min). The procedure time for the first
25 patients was 3.9 = 2.2 min and 3.2 = 2.0 min for the last
26 patients (P = 0.17).

Figure 2: A plain radiograph showing the naso/orogastric tube (arrows)
in the stomach

Table 1: Demographic and procedure data of the study cohort

Demographic n (%); Median (range); mean=SD

Gender
Male 28 (54.9)
Female 23 (45.1)
Gestational age (weeks) 34+4,932 (23-40)
Weight (g) 1910=+8951; 570 (500-3970)
Diagnosis
Prematurity 22 (43.1)
Respiratory distress syndrome 15(29.4)
Transient tachypnea of the 5(9.8)
newborn
Meningomyelocele 2(3.9)
Chromosomal disorders 2(3.9)
Intracranial hemorrhage 1(2)
Choanal stenosis 1(2)
Hypothyroidism 1(2)
Hydronephrosis 1(2)
Neonatal pneumonia 1(2)
Total 51 (100)

Data are presented as the frequency (%), mean+SD, or median (range). Study
cohort=>51 patients. SD: Standard deviation

Discussion

The current study evaluates the efficacy of BUSG for
confirmation of NOGT placement in neonates and compares
these results with abdominal radiography. BUSG has a high
sensitivity when determining NOGT location in this patient
population. BUSG was performed quickly with an average
procedure time of 3.6 min. The major obstacle with BUSG
identified in our study was failure to identify the NOGT in 4 of
51 patients due to the presence of bowel gas or hepatomegaly.
One other concern is that for the current study, the NOGT was
placed by a physician which may not be standard practice in
other countries and other clinical scenarios. As such, further
studies are needed to identify whether the NOGT and use of
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Table 2: Verification percentages using ultrasonography and
radiography

Modality and tube location Frequency (%)

Ultrasound
Gastric 46 (90.2)
Esophageal 1(2)
Not identified 4(7.8)
Radiography
Gastric 50(98)
Esophageal 1(2)
Not identified 0(0)
Total 51 (100)

ultrasound can be accomplished by the nursing staff or other
health-care providers.

Previous studies have demonstrated various methods
for identifying the correct location of a bedside NOGT
placement. While previous studies have investigated and
compared the efficacy of various techniques, each method
has its own limitations."®2 Although auscultation is one of
the most commonly used methods given its ease of use and
its noninvasiveness, it alone is not sufficient to determine
the correct placement of the NOGT as sounds from air
insufflation can be heard in various locations even when the
tip of the NOGT is in the lung, esophagus, or stomach.?*?’!
Therefore, this method is no longer recommended without
other confirmatory tests.??” Calculating the approximate
proper length of the NOGT may be the first step in preventing
potential insertion errors; however, various measuring
methods have been proposed to predict the proper length
of the NOGT. A commonly used and referenced technique
is to measure the distance from the tip of the patient’s nose
to the earlobe and then to the xiphoid process (Nose-ear-
xiphoid (NEX) method). However, esophageal placement of
the NOGT has been frequently noted with the NEX method.
Therefore, the NEMU method (direct measurement of the
distance from the nose to the ear to the mid-umbilicus) or
age, weight, and height-based placement techniques have
become more popular.®?! In the present study, the NEMU
method predicted the appropriate NOGT insertion length in
98% of the patients.

Other placement techniques have relied on aspirates from
the gastric tube to measure pH, pepsin, and trypsin. Among
these techniques, pH testing is the most simple and widely
available bedside test.?!! While a cutoff point of pH <4 has
been used to confirm gastric aspirate, the pH of the gastric
aspirate in pediatrics is often >4.7? In a study comparing
the sensitivity and specificity as well as the negative and
positive predictive values of different pH cutoff points
(<4.0, <4.5, <5.0, and <5.5), a pH <5 was a positive

predictor in 100% of infants.*® However, difficulties in
obtaining an adequate aspirate from small-bore tubes and
similarities of the pH between the stomach and intestine limit
the utility of the gastric aspirate, pH, bilirubin, and enzyme
testing techniques./?2%!

Powers et al. demonstrated the efficacy of an electromagnetic
device when verifying feeding tube placement compared
to abdominal radiography.”®! However, the smallest tube
diameter available for the electromagnetic device is excessive,
even for term infants. For the other nonradiological methods,
capnography can verify endotracheal misplacement, but
differentiation of the location (i.e., esophageal, gastric, or
intestinal) is not possible.B'’ Among the verification methods,
radiography remains the gold standard. However, this method
is not practical for the verification of every NOGT due to
multiple radiation exposures, feeding delays, and cost.?
These concerns may be magnified in the vulnerable, preterm
population where prolonged use of feeding tubes may result
in the need for repeated X-ray exposure.?’!

With these concerns in mind, it is necessary to find an ideal
technique to verify the accurate placement of a wide range
of feeding tube sizes (5 F-10 F) with reasonable cost and
portability. The efficacy and sensitivity of BUSG in verifying
gastric tube location has been reported in both adult and
pediatric ICU patients.['*'®33 Despite its efficacy, the routine
use of ultrasonography requires additional equipment,
which may delay the process when the equipment is located
outside of the intensive care unit. However, as BUSG has
seen increased use in the ICU setting for several indications,
routine availability of equipment is being more common. In
addition to equipment availability, the technique is dependent
on the user’s skills and training.!"” However, as demonstrated
by our study and other investigations, clinicians can gain
adequate ultrasound skills in a relatively short period of time
through didactic and hands-on courses.** Other limitations
of ultrasound when confirming nasogastric tube locations
include poor visualization due to obesity, hepatomegaly,
excessive patient movement, and bowel gas interposition.

Conclusions

In summary, the present study demonstrates that BUSG
can be used to verify NOGT location accurately with a high
sensitivity rate (92.2%) in the neonatal population. BUSG
may be an effective and promising tool for determining the
location of NOGT in neonates, even when performed by a
non-radiologist. This method can be used for the verification
of correct NOGT location following initial placement, as well
as subsequent verifications, which may lead to a reduction
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in radiation exposure and costs. Furthermore, it is feasible
to use this technique in real time to observe the passage
of the NOGT into the esophagus and the stomach. Future
studies with a larger cohort are needed to confirm these
preliminary results.
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