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A B S T R A C T

Background: The effect of delivering enteral nutrition or medications via a nasogastric tube

that is inadvertently located in the tracheobronchial tract can cause respiratory

complications. Although radiographic examination is accepted as the gold standard for

confirming the position of patients’ enteral tubes, it is costly, involves risks of radiation,

and is not failsafe. Studies using carbon dioxide sensors to detect inadvertent nasogastric

tube placements have been conducted in intensive care settings. However, none involved

patients in general wards.

Objective: The objective of this study was to ascertain the diagnostic measure of

colorimeter, with radiographic examination as the reference standard, to confirm the

location of nasogastric tubes in patients.

Design: A prospective observational study of a diagnostic test.

Setting: This study was conducted in the general wards of an approximately 1100-bed

acute care tertiary hospital of an Academic Medical Center in Singapore.

Participants: Adult patients with nasogastric tubes admitted to the general wards were

recruited into the study.

Methods: The colorimeter was attached to the nasogastric tube to detect for the presence

of carbon dioxide, suggestive of a tracheobronchial placement. The exact location of the

nasogastric tube was subsequently confirmed by a radiographic examination.

Results: A total of 192 tests were undertaken. The colorimeter detected carbon dioxide in

29 tested nasogastric tubes, of which radiographic examination confirmed that four tubes

were located in the tracheobronchial tract. The colorimeter failed to detect carbon dioxide

in one nasogastric tube that was located in the tracheobronchial tract, thus, demonstrating

a sensitivity of 0.80 [95% CI (0.376, 0.964)]. The colorimeter detected absence of carbon

dioxide in 163 tested nasogastric tubes in which radiographic examination confirmed

160 gastrointestinal and one tracheobronchial placements, demonstrating a specificity of

0.865 [95% CI (0.808, 0.907)]. The colorimeter detected one tracheobronchial nasogastric

tube placement that the radiographic examination was misinterpreted.

Conclusion: The study found that the use of the colorimeter in the general ward setting

was not 100% sensitive or specific in ascertaining the location of a nasogastric tube as

previously reported by many studies undertaken in intensive care settings. This is the first

study on the use of a colorimeter to confirm the placement of a nasogastric tube in adult
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What is already known about the topic?

� Aspirate of pH value of 5.5 or less suggests that the NGT is
in the stomach. However, the gastric fluid aspirate might
be affected by proton-pump inhibitors such as H2-
blockers and antacids, which may increase the pH value
of the aspirate to 6 or higher.
� Aspirate of pH value of 6 or more suggests tip of NGT may

be in the stomach or tracheobronchial tract (incorrect
location).
� Radiographic examination is the gold standard in

confirming the position of the NGT in doubtful place-
ments. However, there are still issues of incorrect
interpretation of the radiographic imaging.
� In the mechanically ventilated patients that is admitted

to the intensive care unit, the colorimeter is close to 100%
sensitive and specific in confirming the placement of
NGT when tested against the reference standard – X-ray.

What this paper adds

� Use of the colorimeter was not 100% sensitive and
specific in determining the location of the nasogastric
tube when tested against the X-ray in the adult general
ward setting.
� Excessive respiratory secretions may cause blockage of a

patient’s nasogastric tube that is located in the tracheo-
bronchial tract which may have resulted in the
colorimeter test showing an absence of carbon dioxide
(false negative finding).
� The colorimeter served as an additional test to ascertain

placement of the nasogastric tube in the tracheobron-
chial tract in one instance where radiographic image was
wrongly misinterpreted as being in the gastric region.

1. Introduction

Nutrition plays a crucial role in patients’ health and
well-being. Patients who require enteral nutrition are
commonly quite ill or debilitated, may be experiencing
malnutrition, or have the potential for malnutrition. The
insertion of a nasogastric tube (NGT) for enteral nutrition
may be ordered for patients in situations where their
nutritional intake is inadequate or consuming food via the
mouth is unsafe, such as in those with dysphagia (National
Institute for Health and Clinical Excellence, 2006). Given
that an NGT is mainly inserted as a blind procedure, it may
be inadvertently inserted or dislodged into the respiratory
system. Administered feeds via a misplaced NGT has a
potential risk of causing serious complications (Metheny
et al., 2007) such as aspiration pneumonia or death

(Phillips and Nay, 2008). In the UK, the National Health
Service (England) reported 21 deaths and 79 cases of harm
associated with malpositioned NGT feeding between
September 2005 and March 2010 (National Patient Safety
Agency, 2011). A systematic review (Sparks et al., 2011) of
complication arising from the blind placement of nasoen-
teric feeding tubes found that 1.9% (n = 187) of the
nasoenteric tubes were malpositioned in the tracheoon-
chial tract of patients. Pneumothorax and death were
complications cited in the review (Sparks et al., 2011).

Complications arising from misplaced NGTs are pre-
ventable (Metheny et al., 2007). Thus, the National Health
Service (2015) designated misplaced NGTs as a ‘Never
Event’. Thus, confirming the position of an NGT prior to
commencing enteral nutrition is imperative to ascertain
that an NGT is not in the respiratory system after the initial
insertion, as well as prior to administering medication or
feeds via the NGT (National Health Service, 2013). The
National Patient Safety Agency (2011) recommends
performing a pH test of the NGT aspirate as a first-line
test to confirm the internal position of the NGT. A pH value
of 5.5 or less suggests that the NGT is in the stomach; a pH
value of 6 or more may indicate intestinal or respiratory
placements of the NGT (Taylor, 2013). The use of pH
indicators in some instances was limited in diagnosing the
correct placement of the NGT as it relied on the operator’s
interpretation of color change and testing technique
(Boeykens et al., 2014). Furthermore, the pH of the gastric
fluid aspirate may be increased to 6 or higher by antacids
and acid inhibitors (Boeykens et al., 2014; National Patient
Safety Agency, 2011). In a cross-sectional study, Taylor
(2013) found that 22% of the NGT positions could not be
confirmed using a pH test due to the interaction of patients’
aspirate with acid inhibitor medications, which altered the
pH of the gastric aspirate to alkaline.

Another reason for not being able to check the location
of the NGT using a pH test is when no aspirate can be
obtained from the NGT. When this occurs, or when a
patient is receiving medications such as H2-blockers, the
National Patient Safety Agency (2011) recommends
radiographic imaging (X-ray) as the second-line test for
confirming the placement of the NGT. Furthermore, an X-
ray is considered the gold standard (Metheny et al., 2007)
and the only acceptable method besides a pH test (National
Health Service, 2013) for confirming the position of an
NGT.

In fact, some institutions recommend in their policy
that a chest X-ray should be taken immediately after the
insertion of an NGT to confirm its correct placement and
prior to commencing enteral nutrition (Rauen et al., 2008).
However, the use of an X-ray for confirming the location of

patients in the general ward setting. More research on the use of a colorimeter in the

general ward setting and its potential use in certain processes for confirming the

placement of a nasogastric tube is warranted.
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