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Nasogastric tubes (NGTs) are used as an alternative approach to deliver nutrition and medications, or a method to
remove stomach contents. Insertion of these tubes is considered a simple procedure; however, wrong placement
or dislodged tubes can lead to patient harm and possibly death. The risk of harm and death increases when
misplaced or dislodged tubes are not identified prior to using them. We queried the Pennsylvania Patient Safety
Reporting System for events that occurred between January 1, 2017, and June 30, 2020. We analyzed those reports
that provided supplemental information describing NGT placement verification methods to determine how
these activities aligned with NGT guidelines. The use of X-rays and pH aspirate, guideline-approved verification
methods, were identified in 90.8% (544 of 599) of the reports. In 9.2% (55 of 599) of the reports, the use of non-
recommended verification methods (e.g., insertion of air bolus/auscultation, were identified). Reports indicated
that patients aged less than one year old experienced a higher percentage of non-recommended verification
methods being used when compared to all other patients. Interviews with staff at three healthcare facilities
discussed their approach to verifying NGT placement. Risk reduction strategies comprise using the guideline
recommendations to verify NGT placement and avoiding the use of non-recommended verification methods.
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asogastric and orogastric tubes (hereafter collectively

referred to as nasogastric tubes [NGTs]), offer an alter-

native approach to deliver nutrition and medication to

patients or a method to remove stomach contents.! The
size of the tube determines the function; small-bore tubes deliver
enteral feedings, (i.e., nutrition),and large-bore tubes remove
stomach contents.? NGT insertions are usually performed without
the benefit of a visual aid, which can lead to tube misplacement
in an unintended location, such as a lung. NGT misplacements
are a known complication that can lead to iatrogenic injuries,
such as a pneumothorax or perforations of the lung, esophagus,
stomach, or other organs.>*

Misplacements are not the only patient safety concern related to
NGTs. The tube can also become dislodged or prematurely removed
after verifying the proper location. This can happen when patients
move, cough, vomit, or scratch their nose. Confused patients may
accidentally pull the tube out partially or completely, or the tube
can migrate out of place if the means of securing it fails.

Verification of an NGT location is essential after insertion and
prior to using it for both newly inserted and preexisting NGTs to
prevent patient harm. There are different evidence-based meth-
ods of verifying the NGT has been placed in the correct location.
These approaches are summarized into recommendations and
presented in clinical guidelines, which are an invaluable way to
share current best practices with healthcare clinicians. One caveat
to using guidelines is clinicians need to evaluate and determine
how the recommendations align with their organization’s policies
and the patient’s circumstances.>8

This article evaluates Pennsylvania Patient Safety Reporting
System (PA-PSRS)? event reports (hereafter referred to as reports)
that contained descriptions of methods used when verifying NGT
placement. These descriptions provide additional information
associated with NGT events, such as whether they involved dis-
lodged or misplaced tubes. This analysis was performed to iden-
tify what types of verification methods are being used and how
they align with NGT guideline verification methods. However,
the information contained within an event report is not a patient
safety event by itself. In many cases, verification methods in our
reports are not a contributing factor in the precipitating events.

Methods

PA-PSRS was queried using a three-step iterative process to
search for reports stating NGT verification methods that occurred
between January 1, 2017, and June 30, 2020.

1. Aninitial core set of keywords was used from a prior
analysis of NGT misplacement events.® A random
sample of reports were reviewed, leading to refinement

of keywords® and exclusion criteria® to pinpoint
reports describing NGT verification methods.

2. A second targeted data query was performed using the
refined keywords and exclusion criteria. Orogastric and
nasoduodenal tubes were included in the final dataset
and are referred to as NGTs.

3. Manual review of the second data query identified
reports with descriptions of NGT verification methods.
In many cases, the verification method was not related to
the patient safety event that occurred but was contained
in supplemental information provided by the reporter.
We excluded reports that mentioned the presence of an
NGT; that referenced NGTs inserted or replaced with
no information about what verification method(s) was
used; and that referenced children with a diagnosis of
ataxia-telangiectasia, a condition that places children
exposed to radiation at increased risk for cancer. We
also excluded reports describing misread X-rays and
communication issues because they were outside the
scope of this study.

Reports meeting inclusion criteria were divided into two
categories: recommended methods of NGT verification (hereafter
referred to as best practices) and non-recommended NGT
verification methods. Category assignment was determined by
the descriptions of activities used when verifying or reverifying
a tube’s location. Many reports described multiple occurrences
of NGT placement and verification strategies. Reports describing
even one non-recommended method were assigned to the non-
recommended verification method category because the use of
even a single non-recommended verification method is a patient
safety concern.

We supplemented this analysis with interviews with healthcare
staff at three facilities. We identified facilities based on prior
experience with NGT insertions and recommendations from NGT
nurse experts.

Patients less than 1 year
old experienced a higher
percentage of non-
recommended events when
compared to patients in all
other age groups.

2PA-PSRS is a secure, web-based system through which Pennsylvania hospitals, ambulatory surgical facilities, abortion facilities, and birthing centers submit reports of patient
safety-related incidents and serious events in accordance with mandatory reporting laws outlined in the Medical Care Availability and Reduction of Error (MCARE) Act (Act 13
of 2002).9 All reports submitted through PA-PSRS are confidential and no information about individual facilities or providers is made public.

PThe core set of keywords was: Dobhoff, DHT, duotube, Covidien, Keofeed, Keofed, Corflo, Cortrak, corpak, Salem Sump, naso* nasogastric tube, ng tube, NGT, ND tube, OG,
gastric tube, enteral, small bore, feeding tube, orogastric tube. These words were linked with this secondary set of keywords: position, placement, pneumo, lung, esoph*,
bronch* thorax, KUB (kidney, urinary, bladder x ray), AXR (abdominal x ray), chest x ray, CXR, malposition, migrated, misplaced, replace, pleural, perforation, perforated, air
bolus, auscultation, air bubbles, air auscultation, pH, check placement, confirm, and confirmation. The asterisk after a word represents a wildcard: This syntax searches for

words with these letters and any ending.

¢Exclusion criteria encompassed the following PA-PSRS event types: skin integrity, falls, transfusion, adverse drug reaction, and patient self-harm.
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Results

Demographic Analysis

An initial exploratory data query identified 2,216 reports using
the initial keywords. The number of reports was reduced to 1,363
reports after rerunning the query with refined keywords and
exclusion criteria. We performed a manual review of the 1,363
reports and identified 599 reports that met inclusion criteria;
595 involved nasally inserted tubes and 4 involved orally inserted
tubes. See Figure 1.

While non-recommended verification methods are the focus of
this article, best practices were identified in 90.8% (544 of 599)
of the reports. In 95.4% (519 of 544) of the reports reflecting

best practice methods, X-rays alone were used; 2.2% (12 of 544)
involved the use of X-rays and pH aspiration testing, and in 2.4%
(13 of 544) pH aspiration testing alone was used. The remaining
results describes information in the reports that included non-
recommended verification methods.

Demographic data revealed male patients accounted for 56.4% (31
of 55) of reports and female patients accounted for 43.6% (24 of 55).

Given the number of reports that indicated non-recommended
verification methods, the percentage of these practices were com-
pared to the total number of reports by facility type. See Table 1.

A similar set of calculations was performed to determine the
percentage of non-recommended verification method reports

Figure 1. PA-PSRS Nasogastric Tube Insertion and Placement Verification Report Identification, n=614

Initial Exploratory PA-PSRS NGT Report Query*
N=2,216

Second PA-PSRS NGT Report Query Using

Refined Keywords and Exclusion Criteria
N=1,363

Placement Verification NGT Reports
N=599

Best Practice Verification
Methods Used, n=544

/\)

Non-Recommended Verification
Methods Used, n=55

Excluded NGT Reports
N=764

*An initial core set of keywords was used from a prior analysis of NGT misplacement events.?

Table 1. Percentage of Non-Recommended Methods in PA-PSRS Reports by Facility Type*

Non- % of Non-

Hospital Best Recommended Total Recommended
Facility Type Practices Verification Reports Verification
Methods Methods

Acute Care 257 41 298 13.8%
Children’s Acute Care 62 71 12.7%
Long-Term Acute Care 221 4 225 1.8%

*Rehabilitation hospitals are not displayed in this table due to the small number of reports, n=5.
TOne long-term acute care facility had 87 of the 255 reports submitted. Removing them from the calculation increased the

percentage of non-recommended method reports from 1.8% to 2.9%.
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Table 2. Percentage of Non-Recommended Verification Methods in PA-PSRS Reports by Patient Age

e Non- Total % of Non-
oy Pecommended [ "ecommended
T EE Methods e Methods
<1* 45 9 54 16.7%
1-19 38 5 43 11.6%
20-29 8 1 9 11.1%
30-39 14 2 16 12.5%
40-49 25 1 26 3.8%
50-59 67 7 74 9.5%
60-69 123 15 138 10.9%
70-79 138 9 147 6.1%
80-89 67 6 73 8.2%
90-101 19 0 19 0.0%

*Percentage for this age group is higher when compared to all other age groups combined, Z=1.997, p=0.046

Figure 2. Non-Recommended NGT Verification Methods in PA-PSRS Reports, n=55

Number of PA-PSRS Reports
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Air bolus/ No verification Capnography® Air bubble NGT centimeter length
Auscultation method performed performed as only testing marking with removal
or documented in verification method of body fluids and
the medical record flushing the NGT

Non-Recommended Verification Methods

SCapnography as an independent verification method is not recommended.®!%*? |t can be used to detect pulmonary placement of an NGT,¢8101113 put it
cannot determine placement in the gastrointestinal tract, (i.e., esophagus, stomach, or small bowel placement).®° Guidelines require a second form of best
practice verification methods when using capnography to verify tube location.é011.14
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compared to the total number of reports by patient age groups.
Patients under 1 year of age had the highest percentage of reports
showing the use of non-recommended verification methods
(16.7%; 9 of 54). The next age group, 30-39 years old, had the
second highest percentage of non-recommended method reports
(12.5%; 2 of 16). Patients less than 1 year old experienced a higher
percentage of non-recommended events when compared to
patients in all other age groups, z=1.997, p=0.046. See Table 2.

Qualitative Analysis
Non-Recommended NGT Verification Methods

The non-recommended verification methods were assigned to
five categories: air bolus/auscultation, no verification method
performed or documented in the medical record, capnography
used as the only verification method, air bubble testing, and using
the NGT centimeter marking with fluid removal and flushing. Air
bolus/auscultation accounted for 61.8% (34 of 55) of the reports;
no verification method performed or documented in the medical
record accounted for 30.9% (17 of 55) of the reports; and capnog-
raphy, air bubble testing, and using the NGT centimeter mark-
ing with fluid removal and flushing accounted for the remaining
reports, 7.3% (4 of 55). See Figure 2.

Additional noteworthy information was contained in 10 of these
reports. Two of the air bolus/auscultation reports identified the
use of a normal saline solution flush during the verification pro-
cess. Of the 17 reports with no verification method performed or
documented in the medical record, 4 identified that NGTs were
used. We also found 4 reports describing patients with NGTs in
their lung who did not show respiratory symptoms immediately or
who started showing symptoms only after a feeding or medication
had been administered.

The following are descriptions? from some of the PA-PSRS reports
reflecting non-recommended verification methods:

e RN noticed tube was secured at 22 cm not 38 cm. X-ray
confirmation of tube placement was done yesterday. This
morning, the patient’s oxygen was increased due to a
respiratory episode overnight. The tube was removed, and
another tube was inserted. MD was asked if a chest x-ray
should be ordered. The physician said no since the patient
was comfortable on oxygen. The nurse will continue to
monitor patient.

e RN attempted Dobhoff tube placement. Placement checked
by air injection into the tube. Air sounds heard over mid
epigastric area. Chest x-ray demonstrated the tube was likely
in the right main stem bronchus. Patient had a moderate
pneumothorax.

e  Patient’s family told RN they were concerned that the NGT
was not in the right place. RN explained that the NGT
placement is determined by checking stomach pH. Family
told the nurse that the nurse who placed the tube checked by
‘using air and listening.” An x-ray was ordered. NGT was
found in the patient’s esophagus.

e  NGT placed at bedside. No x-ray was done to confirm
placement. The next day, the patient went to fluoroscopy and

the NGT was discovered to be in the left mainstem bronchus.
The NGT was not used to administer any feedings or fluids.

e  NGT was attempted twice with capnography to verify
placement. The patient began coughing. Oxygen was
increased and physician was notified. A chest x-ray was
performed and showed a new pneumothorax.

Discussion

NGT guidelines identify best practices for verifying tube
placement.>%71%1%21 In 90.8% of the PA-PSRS reports, best practices
were used when verifying NGT placement. The preferred choice
of verification methods based on recommended guidelines differs
geographically. The United Kingdom prefers pH aspirate testing
as an indicator of proper placement,'®?? whereas the United
States prefers radiography as the gold standard.?® There are also
differences in preferred methods identified in adult and pediatric
guidelines.’>"® For this analysis, adult and pediatric reports are
combined since most reports identified adult-preferred verification
methods (i.e., X-rays); only a small number of reports identified
pediatric-preferred verification methods (i.e., pH aspiration testing).

Insertion of an NGT starts with determining the length of tube
needed to reach the stomach.'?** We acknowledge that for some
patients tubes are ordered to be placed into the small intestine;
however, this discussion focuses on NGTs with an intended
location in the stomach, as these are the most common. The
Nose->Earlobe->Xiphoid process>Midline of the Umbilicus
(NEMU) method is recommended for determining the NGT inser-
tion length.1%!2132¢ It is recommended after confirmation of the
tube location to place a visible centimeter (cm) mark on the tube
where it exits the nose or lips.**This mark should be documented
in the chart and can be used as a reference point to detect any
movement of the tube.!* While tube markings are important, they
are not a verification method.

Two frequently used best practices for verifying NGT placement
are radiography and pH aspirate testing.>%%1%1224Each method has
specific requirements to use successfully. Radiography is the gold
standard in the United States; however, there are concerns about
radiation exposure and interpretation. In the pediatric population,
concerns about using X-rays arises from uncertainty regarding
cumulative radiation exposure? and the accurate and consistent
interpretation of X-rays.!? For example, people diagnosed with
ataxia-telangiectasia, a rare genetic disorder, are predisposed to
developing cancer.?” Children, often before age 5, may show signs
and symptoms of this condition.?** Individuals with this disorder
have increased sensitivity to X-rays,” which can be cytotoxic® and
should be avoided or used only after careful consideration.?

The second best practice, pH aspirate testing, is a practical and
feasible bedside method to confirm tube placement.® The pH
cutoff value varies with guidelines. One guideline® identifies a
pH <5 as the cutoff, four guidelines’'%>!5 identify a pH <5.5 as
a cutoff, and one guideline! indicates that if pH test strips only
provide round numbers, the cutoff value is a pH of <5. When pH
readings are >5.5, radiography is recommended.!*'*** Using pH
aspirate approved testing strips are essential when evaluating
pH aspirate.”1%15183031 T itmus paper is an unreliable method of

dThe details of the PA-PSRS event narratives in this article have been modified to preserve confidentiality.
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Our analysis showed air bolus/
auscultation and air bubble
testing were used to confirm

location of an NGT. These
verification methods are no
longer recommended due to
low reliability.

evaluating pH aspirate and has led to administering feedings,
medications, or fluid in the lung due to incorrect results.®

Capnography is another method that can identify whether the
NGT is in the lung or bronchi, but does not verify its location in
the esophagus or stomach.®!%!%137 Some guidelines indicate the
use of capnography requires a second form of verification.>!-42
Capnography is identified for use in adults;* however, the use in
children is inconclusive.*

Another option to verifying placement is electromagnetic place-
ment devices (EMPD). These devices use electromagnetic guid-
ance to visualize the tip of the NGT by projecting the image on
an external monitor. In 2018, the Food and Drug Administration
(FDA) issued an alert about adverse events, (i.e., increased num-
bers of pneumothoraces), associated with the Cortrak device.?!
The FDA recommended prerequisite training and credentialing.?
Research indicates that healthcare clinicians trained to use the
Cortrak, identified as “super users,” have shown reductions in
adverse events and improvements in NGT insertions.*

When it comes to non-recommended verification methods, our
analysis showed air bolus/auscultation and air bubble testing were
used to confirm location of an NGT. These verification methods are
no longer recommended due to low reliability.>>68101215,16.25,34-36 Ajy
bolus/auscultation, also known as the “whoosh test,” is a method
of injecting air into the NGT and listening with a stethoscope for a
sound of air over the epigastric area.>>**!%> Qur findings revealed
over half of the non-recommended verification methods were due
to using the whoosh test. A recent national survey of critical care
nurses identified 76% of respondents performed air auscultation to
verify NGT placement and 88% of respondents observed colleagues
performing air auscultation as a verification method.*The air bub-
ble test is performed by placing the external end of the NGT in a
cup of water to see if air bubbles appear, thereby indicating the tube
is in the lung.!*** Another method of verification not supported in
guidelines is observing the appearance of feeding tube aspirate,
including the color and consistency of gastric aspirate.!t1»1416

The presence of respiratory symptoms is another unreliable verifi-
cation method.*%101:1625 A recent study of misplaced NGTs revealed
21.4% of adverse event reports identified patients experiencing
respiratory and/or cardiac symptoms when diagnosed with a pneu-
mothorax resulting from a misplaced NGT.* In this analysis, we

identified patients with NGTs in their lung who did not show respi-
ratory symptoms immediately or who started showing symptoms
only after a feeding or medication had been administered.

Our analysis revealed a significantly higher percentage of
non-recommended reports for patients in the less than 1 year
age group than for all other age groups combined. Patients in
this age group are vulnerable given their size and inability to
verbalize discomfort with a misplaced tube. Using best practices
can improve the chance of correctly identifying an NGT’s location.

NGT Verification Field Experience

We interviewed representatives from three different healthcare
facilities to discuss their approaches® and methods to verify NGT
placement. Two of the facilities addressed methods used for adult
patients and the third facility addressed methods for children.

Trained staff at one healthcare system in Pennsylvania uses a
two-step method to verify the location of the NGT. Staff mea-
sures and inserts the tube to 30 cm followed by a chest X-ray.
If the X-ray confirms the tube is still in the esophagus and has
not entered the bronchi or lung, the tube is inserted to the final
measured length. A second X-ray of the abdomen is taken to
confirm that the NGT has entered the stomach. Staff decided to
use this two-step method in 2013 after the facility experienced
misplacements after switching to a different manufacturer’s
enteral feeding delivery system.

Thomas Jefferson University Hospital staff has a clinical practice
guideline for insertion of small-bore feeding tubes in vulnerable
populations which outlines criteria for use of Cortrak and the
two-step X-ray method in vulnerable populations. The two-step
X-ray method is an alternative method to confirm NGT placement
when a Cortrak super user is not available, according to Heather
Etzl, MSN, RN, and Jacqueline Crawford, MS, RN, nutritional sup-
port clinical nurse specialists, and Shawn Mangan, MSN, RNFA,
Thomas Jefferson University Hospital. NGT insertions for high-
risk patients are performed by super users who are specifically
trained in the use of the Cortrak EMPD. This EMPD is an electro-
magnetic sensor-guided device in which an electromagnetic stylet
provides real-time location information on the tube tip placement
within a patient’s anatomy. All patients having an NGT inserted
require an abdominal X-ray to confirm gastric placement.*

Children’s Hospital of Philadelphia (CHOP) staff uses the NEMU
method when placing an NGT, according to Sharon Irving, PhD,
CRNP, who has authored papers on NGT location verification
methods for children.'? Irving said this insertion-length method
is followed by the measurement of the acidity or pH of the gastric
aspirate. If the aspirate pH is greater than 5.5 or if there is any
concern regarding tube location, an X-ray is taken using radiation
as low as reasonably achievable to determine tube and tube tip
location. An X-ray is also obtained for any patient in which there
is clinical status concern for correct NGT placement.”

To provide the safest care for patients, staff must be aware of and
know how to implement the best practices for NGT placement
and verification.

¢This information is being shared because it may help to advance patient safety; however, it does not constitute an endorsement or formal recommendation by the authors or

the Patient Safety Authority.
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Best Practice NGT Placement Method

i,

Use the NEMU method to measure an NGT’s insertion
length. This activity determines the length necessary
to guide how far the tube should be inserted; however,
inserting the tube to the measured length is not a
guarantee that the NGT has reached its intended
location.»%%%

Place a marking on the NGT where it exits the nose
or lips as a reference point to see if it has moved.
Document this information in the chart.'

Best Practice NGT Verification Methods

1,

6.

Utilize guideline-recommended verification methods to
confirm the tube’s location with every newly inserted
NGT, prior to using a preexisting tube, or if tubes are
not at the reference centimeter mark.'°

Recheck the tube’s location every four hours after
feedings have begun,®'%% before administering each
feeding, when feedings are interrupted,®* giving
medications,* or when the centimeter mark on the tube
has moved.**°

Use approved pH testing strips.”*>!® Do not use litmus
paper,*as it does not provide accurate results.’1%16:2

Work with clinicians to set up a process for pH
aspiration testing so this method of verification is easy
to initiate and document.

Consider radiography even if a pH is in the required
range when the patient’®
a. Isseverely obtunded (has an altered level of
consciousness).
b. Has an endotracheal tube.

c. Isclinically unstable after NGT reinsertion post
resuscitation.

d. Has clinical deterioration soon after NGT
placement.

Include another best practice to accompany
capnography.>'41

Non-Recommended NGT Verification Methods (Not

Approved for Use)

1. Air auscultation?5810-131516:25243436 and checking for air
bubbles,®1%%* (i.e., placing the NGT in a glass of water).

2. The lack of respiratory symptoms is not an indication
that the NGT is not in the lung.®!>1¢

3. Interpretation of the appearance of aspirate is not
reliable to determine NGT placement.!>1516:23

4. Fluids of any kind (e.g., enteral feeds, normal saline
solution, water, are not to be injected into the NGT for
any reason prior to confirming the location of the tube).

5. Capnography as an isolated verification method is not

approved as an evidence-based method.*1114

Limitations

PA-PSRS reports provide a wealth of information about the type of
verification methods facilities use to determine NGT placement.
The reports used in this analysis were identified searching key-
words related to NGTs because there are no structured data fields
specific to NGT-related reports. Calculating overall rates of best
practices and non-recommended verification methods is not feasi-
ble because data on the number of NGT insertions is unknown and
events containing this type of information may be underreported.

Conclusion

NGT insertion may appear to be a simple procedure; however,
misplacement of the tube can lead to life-threatening emergencies
or death. NGT verification after insertion or reverifying placement
of existing tubes is an essential step to confirm proper location of
the tube prior to use. Our analysis has shown that best practice
verification methods are overwhelmingly being implemented
in Pennsylvania facilities. Staff at three different organizations
shared their expertise about insertion techniques and imple-
mentation of NGT best practices. Even though best practices are
being used, we found instances of staff using non-recommended
verification methods to confirm location of the tube tip. Staff
may be unaware of changes in guidelines reflecting best prac-
tices. Evaluating organizational policies and procedures coupled
with training can identify opportunities to ensure staff know and
implement best practices when verifying NGT placement. Ending
the use of non-recommended NGT tube placement verification
methods is necessary to reduce the risk of patient injuries asso-
ciated with NGTs.

Note

This analysis was exempted from review by the Advarra Institutional
Review Board.
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