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Clinical Question
In patients having gastric tubes inserted in the emergency department setting, which bedside technique is best for confirmation
of accurate placement immediately after tube insertion compared to radiograph?

Background and Significance
Gastric tube (GT) placement is a common bedside procedure performed by registered nurses in the emergency depart-
ment (ED). Although often considered an innocuous procedure, incorrect GT placement can result in serious and even
lethal complications such as respiratory distress or death. The standard of care requires verification of the GT placement
prior to its use to minimize complications resulting from incorrect placement. Radiographic verification is the preferred
method of confirmation (Leschke, 2003), and is considered by many to be the gold standard, especially for feeding tubes
(Ellett, 2004; Ellett, et al., 2014; Elpern, Killeen, Talla, Perez, & Gurka, 2007; Kearns & Donna, 2001). However,
bedside methods are commonly used as a proxy for radiographic verification when large bore GTs are inserted due to the
associated cost, time delay, and radiation exposure. In addition, a radiographic test cannot be performed by the bedside
nurse. It has been well documented for more than 20 years that auscultation, a common bedside method, is often
inaccurate (Metheny, Stewart, & Mills, 2012); however, it is still widely practiced. Additional bedside testing methods
should also be considered by the bedside clinician, including testing of gastric pH, bilirubin, and carbon dioxide (Ellett
et al., 2014). This Clinical Practice Guideline (CPG) aims to evaluate various bedside GT placement verification methods
as alternatives to radiography.

Methods
This CPG was created based on a thorough review and critical analysis of the literature following the multiple literature
searches performed for its two previous updates (2014 and 2017). In the original CPG publication, initial searches were
limited to English language articles on human subjects from October 2005 through 2010. The original limitation to the
preceding five years for literature was found to be inadequate. As a result, the time frame was expanded to 1994 and an
author search performed for Metheny’s publications because of the seminal nature of her work. With recent CPG re-
visions, additional comprehensive literature searches were completed in 2014 and 2017 to identify articles relevant to the
topic. For the current revision, the following databases and repositories were searched: MedlinePlus, CINAHL, Cochrane
- British Medical Journal, Agency for Healthcare Research and Quality, and the National Guideline Clearinghouse.
Searches were conducted using the search terms: nasoenteral tubes, tube placement determination, gastric tubes, gastric
tube placement confirmation, gastric tube placement, and nasoenteral tubes, catheters and tubes. In addition, the refer-
ence lists in the selected articles were scanned for pertinent research findings. Research articles from ED settings, non-
ED settings, position statements, and guidelines from other sources were also reviewed. Clinical findings and levels of
recommendation regarding patient management were made by the CPG Committee according to ENA’s classification of
levels of recommendation for practice (Table 1) (Melnyk & Fineout-Overholt, 2015). The articles reviewed to formulate
the recommendations in this CPG are described in Appendix 1.
915 Lee Street, Des Plaines, IL 60016-6569 � 800.900.9659 � www.ena.org � Follow us



Table 1. Levels of Recommendation for Practice
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Summary of Literature Review
GASTRIC TUBES

Gastric tubes may be inserted nasally or orally. Regardless of the insertion route, GTs are used for multiple indications in the
ED. Large- and small-bore gastric tubes have been designed to meet treatment needs. Large-bore GTs, which are inserted via
the nose or mouth and guided into the stomach, are considered for short term use and aid in the removal of stomach contents
and the instillation of liquids or medications. Small-bore GTs, also known as feeding tubes, are advanced through the
gastrointestinal track via the stomach into the small intestine, remain in place for a longer period of time, and are reserved for
the instillation of enteral nutrition, liquids, and medications. Large-bore GTs, not feeding tubes, are typically inserted in the
ED.

Most studies of bedside verification methods for gastric tube insertion focus on small-bore feeding tubes. A limited number of
studies conducted in ED settings using large-bore GTs are also included in this review. The most common bedside verification
methods can be categorized as non-aspirate or aspirate. Non-aspirate methods include auscultation, carbon dioxide detection,
transillumination, ultrasound, and magnetic detection; aspirate methods are visual characteristics, pH, bilirubin, combination
pH/enzyme tests, and additional enzyme tests.

NON-ASPIRATE METHODS

Auscultation

Verification of GT placement solely by auscultation, which involves instillation of air into the tube while simultaneously
listening with a stethoscope over the epigastric region for the sound of air, is no longer recommended. Multiple studies have
demonstrated that using auscultation alone as a GT placement verification method is not reliable (Boeykens, Steeman, &
Duysburgh, 2014; Ellett, Croffie, Cohen, & Perkins, 2005; Metheny, Reed, Berglund, &Wehrle, 1994; Yardley &Donaldson,
2010). Pursuit of a reliable, valid, bedside verification method for GT placement has led researchers to investigate alternative
methods to auscultation.

Carbon Dioxide Detection Monitoring

Misplacement of the GT into the pulmonary system warrants immediate detection to prevent respiratory complications.
Studies using CO2 detection methods (CO2 monitoring/capnography) were conducted to determine if these accurately detect
incorrect GT placement (Burns et al., 2006; Elpern et al., 2007). Burns et al. (2006) reported 100% agreement between
colorimetry and capnography in the identification of CO2 when the GT was placed with CO2 detection monitoring in 130
adult medical intensive care unit patients undergoing large bore GT placement. Twenty-seven percent of participants expe-
rienced insertion failure and GT misplacement was correctly identified by capnography in all patients (Burns et al., 2006).
Gastric tube insertion failures were associated with a nasal insertion route (p¼ 0.03) and among spontaneously breathing/non-
intubated patients (p¼ 0.01). In a study completed by Elpern et al. (2007), capnometry and air insufflations/auscultation were
compared to abdominal radiograph for accuracy in detecting misplaced GTs during initial insertion in 91 adult critical care and
telemetry patients. Using abdominal radiography, a 100% success rate in placing the GT into the stomach was reported.
Capnometry when compared with abdominal radiographs, identified 16% of GTs as incorrectly placed in the pulmonary tract;
similarly, there were 5% misidentifications by air insufflation/auscultation (Elpern, 2007). The likelyhood of false readings
does not immediately jeopardize patient safety, but does require the use of additional verification methods to ensure correct
tube location. Study limitations included small sample sizes and adult-only study populations.
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Chau, Lo, Thompson, Fernandez, and Griffiths (2011) conducted a meta-analysis of eight studies to determine if the use of
capnometry accurately detected GT placement. These authors concluded that in adult patients, carbon dioxide detection was
an effective method for differentiating between tube placement in gastric and pulmonary systems, and that there is evidence to
support the use of capnography or colorimetric capnography for detection of proper GT placement. Study limitations included
different index tests used by different authors in the review and the majority of the studies excluded patients who were me-
chanically ventilated. Ellett et al. (2014) suggested that the optimal method of ensuring proper GT placement in children is to
use a combination of capnography and analysis of gastric aspirate via point-of-care bedside testing (POCT). Limitations of the
Ellett et al. (2014) study include small sample size and no unsuspected respiratory placements. As in the adult cases, signs and
symptoms of respiratory distress are a primary indication to remove an incorrectly located tube.

Further research is needed to determine the role of carbon dioxide in GT placement detection. Carbon dioxide detection and
monitoring equipment is commonly found in the ED because of its use with endotracheal intubation and sedation; research to
support its use with GT placement in the ED remains limited, however.
Transillumination and Magnetic Detection

Research has also been conducted to determine the feasibility of transillumination or magnetic detection for GT placement
verification. Rulli et al. (2007) studied a fiber optic method for GT placement and verification. A flexible fiber optic cable was
inserted into the GT of 16 patients, 8 adults and 8 children, who were undergoing a surgical procedure. Transillumination of
the epigastric abdominal area was used to indicate correct placement of the GT. Gastric tube placement was confirmed in
100% of the patients. While the study was highly relevant, limitations included small sample size, lack of commercially
available equipment, and the operating room practice setting.

Magnetic detection was used to determine the position of the GT in 88 volunteer subjects aged 18–75 years (Tobin, Gonzales,
Golden, Brown, & Silverstein, 2000). A commercial feeding tube wasmodified by substituting a magnet for the tungsten weights
in the tip of the GT. Prototype magnet detectors determined real-time GT location, orientation, and depth of the distal end of the
feeding tube. Gastric tubes were determined by fluoroscopy to be below the diaphragm 100% of the time. A prospective blinded
study of 134 patients compared fourGT verificationmethods: electromagnetic technique, auscultation, aspiration, and pH (Kearns
& Donna, 2001). When used to identify GT placement, the electromagnetic method was correct 90% of the time, compared with
53% for the aspiration method. Several study limitations included lack of commercially available equipment for magnetic field
detection, a laboratory setting, and the lack of testing for GTs errantly placed in the pulmonary system. Magnetic detection is
primarily used for feeding tube insertion and is not recommended for use in the ED as primary confirmation of GT placement.
Ultrasound

Evidence has emerged over the last several years regarding the use of ultrasound as an alternative for confirming gastric tube
placement in adults (Atalay et al., 2016; Kim, So, Jeong, Choi, & Park, 2012; Lin et al., 2017). Many EDs now have
ultrasound equipment readily available; using it as a tool for tube placement verification may therefore be feasible. In studies
performed using ultrasound as a confirmation method for tube placement, radiologists or other physicians performed the
ultrasound (Atalay et al., 2016; Kim et al., 2012; Lin et al., 2017). In order for nurses to be able to perform and interpret this GT
confirmation technique, adequate training must be in place that involves verification of competency. Further, changes in
institutional policies are needed to shift this method of tube placement verification into the nurses’ scope of practice. This
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technique may be promising for verification of feeding tube placement, however there is limited data on its use with large-bore
GTs in the ED setting (Atalay, 2016; Kim et al., 2012; Lin et al. 2017).

A systematic review and meta-analysis investigating the diagnostic accuracy of ultrasonography for detecting GT placement
was conducted by Lin et al. (2017). Utilizing the Cochrane Collaboration recommendations for systematic reviews, five
studies met inclusion criteria. The total pooled sample size was 420 cases of adult patients undergoing NG tube placement.
Statistical evaluation yielded a sensitivity of 0.93 (95% CI 0.87–0.97) and a specificity of 0.97 (95% CI 0.94–0.98), indicating
that using ultrasound to confirm correct GT placement may be useful (Lin et al., 2017).

Kim et al. (2012) investigated the effectiveness of using bedside verification methods to confirm placement of GTs for adults
in the ED with altered levels of consciousness. In this study, all patients (N¼ 47) had GT placement verified by auscultation,
gastric aspirate with pH testing, bedside ultrasound, and chest X-ray. Gastric tube placement was correct in 44 of the 47
patients. Correct placement was confirmed by bedside ultrasound in 38 patients (sensitivity 86.4%). Of the 3 three patients
with the tube incorrectly placed, ultrasound was able to identify incorrect placement in two cases (specificity 66.7%). Testing
of pH identified the correct position in 31 of 34 cases tested (sensitivity of 91%) and incorrect position in two cases (specificity
66.7%). Correct placement was identified by auscultation in 44 patients (sensitivity 100%) and incorrect placement in one case
(specificity 33.3%). The authors concluded that ultrasound is useful to confirm GT placement in patients with decreased level
of consciousness, with the recommendation that if other means of testing do not indicate gastric placement, a chest X-ray
should be performed (Kim et al., 2012).

ASPIRATE METHODS

Tests evaluating aspirate content offer an alternative method for verifying GT placement. Visual inspection and biochemical
markers such as pH, bilirubin, and enzymes were the most frequent aspirate methods used to study GT placement. Visual
inspection of aspirate involves differentiating between the appearance of those from the stomach, small intestine, and lungs.
Metheny et al. (1994) reported that critical care nurses were able to differentiate between gastric and intestinal aspirate 90.47%
of the time yet were unable to distinguish between gastric and pulmonary aspirate.

Several studies investigated the use of biochemical markers (pH, bilirubin, pepsin, and trypsin) to determine GT placement
(Christensen 2001; Ellett et al., 2005; Kearns &Donna 2001;Metheny et al., 1994;Metheny et al., 1997;Metheny et al., 1999;
Metheny & Titler, 2001; Phang, Marsh, Barlows, and Schwartz, 2004). Biochemical marker threshold values varied among
the studies (ranging from gastric pH values of less than 3.9 up to 7, and bilirubin less than 5 milligrams per deciliter) to
differentiate GT placement in the stomach versus the pulmonary system. Participants in these studies received acid
suppressive therapy and tube feedings, both of which influence gastric pH. Reliability of pH testing to determine tube
placement within the gastrointestinal tract ranged from 84% (Stock, Gilbertson, & Babl, 2008) to 97% (Metheny, Smith, and
Stewart, 2000), compared to bilirubin test reliability of 91% (Metheny et al., 1999), pepsin enzyme reliability of 91.2%, and
trypsin enzyme reliability of 91.8% (Metheny et al., 1997). Study results reported an alteration in pH test results for patients
receiving acid suppression medication. In fact, Taylor and Clemente (2005) reported a 58% reduction in pH confirmation of
GT placement for patients receiving acid-inhibiting medications.

Ellett et al. (2014) prospectively compared the predictive validity of pH, bilirubin, and carbon dioxide to detect correct
placement of GTs in 276 children aged 24 weeks to 212months; all patients also received radiographic exams. The researchers
concluded that measurement of pH, bilirubin, and CO2 did not detect a misplaced GT. Lack of gastric aspirate does not ensure
that the GT is improperly placed (Ellett et al., 2014). The tube may be in the proximal portion of the stomach or may have
collapsed during the aspiration attempt (Ellett, et al., 2014).
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Metheny et al. (2000) reported combined test results of pH greater than 5 and bilirubin less than 5 milligrams per deciliter
successfully identified 98.6% of the 141 cases as gastric placement. Bilirubin, pepsin, and trypsin testing are typically
performed in the laboratory, hence these are not bedside point-of-care methods. There is limited information on the use of
urine bilirubin test strips for bedside verification (Metheny et al., 2000).

Gilbertson, Rogers, and Ukoumunne (2011) conducted a prospective observational study where they sought to determine a
reliable and practical pH value to confirm GT placement in pediatric patients older than 4 weeks receiving enteral nutrition.
These researchers reviewed 4330 gastric aspirate samples from 645 patients. They concluded that a pH of less than 5 would
simplify the process for confirmation of GTs, and that when pH was greater than or equal to 5, further investigation with
radiographic examination was needed.

In two prospective studies, Anderson, Carr, Harbinson, and Hanna (2016) concluded that a combination of gastric lipase and
pH tests demonstrated accurate placement of GTs. The initial study was conducted to develop a point-of-care test (POCT) to
check gastric aspirate for lipase. This test was used to increase the accuracy of verification of GT placement at the bedside. A
subsequent study determined the reliability of the POCT test. In a sample of 36 patients at a tertiary referral acute teaching
hospital in the UK, the pH test had a sensitivity of 65.7% with 100% specificity, and the sensitivity of lipase was 97.2% with
100% specificity. New findings indicate that lung aspirate does not contain gastric lipase, and false negatives for pH due to
acid-reducing medications were corrected by the lipase test (Anderson, et al., 2016). Limitations to the study include small
sample size, inaccuracy in patients without a gastric fundus, and the lack of availability of gastric lipase testing.

COMBINED NON-ASPIRATE AND ASPIRATE METHODS

Algorithmic Approach

The rate of GT placement confirmation accuracy increases when aspirate methods are combined with non-radiological
verification methods rather than relying on a single bedside method for verification of tube placement (Metheny & Titler,
2001). Metheny and Titler (2001) recommend an algorithm for newly inserted large-bore GT placement verification,
beginning with auscultation and followed by pH and visual inspection of aspirate. This literature supports the use of a
combination of methods for bedside verification of GT placement; however, Metheny and Titler suggest additional research is
needed to determine which methods are the most accurate and in what sequence they should be used.
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Synopsis
CLINICAL QUESTION:

In patients having gastric tubes inserted in the emergency department setting, which bedside technique is best for confirmation
of accurate placement immediately after tube insertion compared to radiograph?

PROBLEM:

Gastric tube (GT) placement is a common bedside procedure performed by registered nurses in the emergency department
(ED). Although often considered an innocuous procedure, incorrect GT placement can result in serious and even lethal
complications such as respiratory distress or death. The standard of care requires verification of the GT placement prior to its
use to minimize complications resulting from incorrect placement. Radiographic verification is the preferred method of
confirmation (Leschke, 2003) and is considered by many to be the gold standard (Anderson et al., 2016; Ellet, 2004; Ellett
et al., 2014; Elpern, Killeen, Talla, Perez, & Gurka, 2007; Kearns & Donna, 2001). However, bedside methods are commonly
used as a proxy for radiographic verification when large bore GTs are inserted due to the associated cost, time delay, and
radiation exposure. In addition, a radiographic test cannot be performed by the bedside nurse. It has been well documented for
almost 20 years that a common bedside method (auscultation) is often inaccurate; however, it is still widely practiced
(Metheny, Stewart, & Mills, 2012). This Clinical Practice Guideline (CPG) aims to evaluate various bedside gastric tube
placement verification methods as an alternative to radiography.
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