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Abstract  

Background and Purpose: Inserting a nasogastric tube, though a common clinical procedure with widespread use for critically ill 

patients, can produce unexpected complications so that tube misplacement into the lungs is a potential complication with serious 

consequences. The reliability of common bedside methods to differentiate between pulmonary and gastric placement has not been 

acceptable. The goal of this study was to review the diagnostic accuracy of methods in detecting inadvertent airway intubation and 

verifying correct placement of nasogastric tube and restrictions.  

Methods: A review of Pub Med, Medline and CINAHL databases has been conducted to identify peer-reviewed, English language, 

human subject research studies published between the years 1994 and 2013.The research was conducted on the confirmation, 

methods and restrictions of  NGT in the adult's population. Out off 151 English publications, 29 were duplicates and 2 were animal 

studies. Quality assessments, data extractions and analysis were completed on all included studies.

Results: Although methods for assessing correct NGT location at the bedside are available, each has its limitations. The 

methods include auscultation (the most common method), PH testing of aspirates, capnography, insertion under direct 

vision and magnetic detection. All studies used X-rays as the reference standard for comparison since auscultation is 

unreliable.  

Conclusion: While none of the existing bedside methods for testing the position of nasogastric tubes is totally reliable, the evidence 

suggest that using more than one method for confirmation of nasogastric tube position is necessary.
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Introduction 

Nasogastric tube (NGT) is in widespread use for 
critically ill patients (1, 2). The main reasons for 
inserting a NGT are to decompress the stomach and 
remove stomach content, assessment, enteral 
feeding and medication administration (3). It is 
estimated that more than 1.2 million feeding tubes 
are used each year in the United States alone (4) 
and The National Patient Safety Agency (NPSA) 

estimates that at least 1 million tubes are purchased 
every year in England and Wales (5). Then 
nasogastric tube insertion is a usual procedure in 
the intensive care unit (ICU) (6).  

Although often considered an innocuous 
procedure, blind placement of a feeding tube can 
cause serious damage and even death (7, 8). 

Nasal insertion of the tubes has been widely 
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practiced since the early 1980s, and is associated 

with complications including intrapulmonary 

feeding or “aspiration by proxy” and esophageal 

perforation (5). 

Misplacement of NGT into the lungs may lead to 

serious complications including intrapulmonary 

infusion of fluids, pneumothorax, pneumonitis (8), 

hydropneum-othorax, bronchopleural fistula, 

empyema, and pulmonary hemorrhage (9). 

Other complications accompanying nasally placed 

tubes may include disrupted breathing, sinusitis and 

epistaxis (8). Although rare, nasogastric tubes may 

be misplaced in the brain, especially in patients 

following maxillofacial trauma (9) or after 

endoscopic skull base surgery (10). 

The presence of an endotracheal tube or 

tracheostomy does not protect the tracheobronchial 

tree from accidental placement (2, 5, 11, 12). Patients 

with low consciousness or decreased cough or gag 

reflex are more prone to misplacement in the 

tracheobronchial tree (2). It is difficult to estimate 

the prevalence of tube misplacement since cases are 

not frequently reported. In a review of over 2,000 

feeding tube insertions, investigations found that 

nasogastric tubes were misplaced in 1.3 to 3.2 

percent of all insertions. Serious complications were 

associated with the misplacements in 28% of the 

patients (13). Rassias reported 2% incidence of 

tracheopulmonary complications among 740 tube 

insertions and 0.3% deaths due to the complications 

(9). Reported misplacement rates vary widely from 

1.4 to 27% (14, 15).  

The confirmation of correct positioning of NG 

tubes is carried out at bedside by the nurse on duty 

and a wide range of methods for this purpose are 

described in the literature (16). A common 

method to verify tube placement involves 

auscultation. However, evidence from several 

systematic reviews concluded that this method is 

not advisable due to the risk of false negative 

results and thereby not identifying the misplaced 

NG tubes (7, 17). Another commonly used method 

is measuring pH from aspirate from NG tube 

where low pH indicates the presence of gastric acid 

and thereby correct positioning of NG tube. 

However, this method is also related to certain 

problematic issues (2). Other methods include 

insertion under direct vision, capnography, 

magnetic detection and X-ray that have some 

restrictions (5, 17). Better designed studies exploring 

the accuracy of methods are required to improve the 

diagnostic policy (5, 11). 

Consequently, the objective of this review is to 
review the methods' diagnostic accuracy in 
detecting inadvertent airway intubation and 
verifying (confirmation) the correct placement of 
nasogastric tube and restrictions.  

 
Materials and Methods 

A narrative review of studies was undertaken. A 
three-step search strategy will be utilized in this 
review. An initial limited search of Pub Med, 
Medline and CINAHL will be undertaken, 
followed by the analysis of text words contained 
in the title and abstract, and of the index terms 
used to describe the article. A second search using 
identified keywords and index terms will then be 
undertaken across all included databases. Index 
terms will be selected to match the specific 
database since index terms may vary between 
databases. Thirdly, the reference lists of the 
reports and articles included for critical appraisal 
will be explored for additional studies. Studies 
published in English will be considered for 
inclusion in this review. This relates to the 
expertise of the review team.  

The search strategy included a MeSH Terms 
search using “Enteral Nutrition” and “Intubation, 
gastrointestinal” and relevant subheadings, with 
the search restricted to major topic headings only. 
The following search term strategy was also used: 
“NG, nasogastric, gastric, enteral” AND “feeding, 
nutrition, tube, tubes” AND “correct position, 
checking procedures, correct placement, accurate 
location, location, positioning, placement”. In 
addition, the studies that evaluated the diagnostic
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accuracy of the methods in detecting inadvertent 
airway intubation and differentiating between 
respiratory and gastrointestinal tube placement 
were included. The search cases were limited to 
include only human studies published in English 
language between the years 1994 and 2013. The 
related articles function was used to broaden the 
search, and all abstracts, studies and citations 
scanned were reviewed. This review excluded 
descriptive reports, literature reviews, expert 
opinions and studies of other types of tubes such 
as nasointestinal feeding, gastrostomy and 
jejunostomy tubes. Since chest X-ray is widely 
accepted as the gold standard for verifying NG 
tube placement (2, 11) it will also be viewed as the 
gold standard by this systematic review.  

Of 151 English publications, 29 were duplicates, 
and 2 were animal studies. Quality assessments, 
data extractions and analysis were completed on 
all of the included studies. In other words, data 

will be extracted by two reviewers independently. 
Any discrepancies among the reviewers will be 
resolved by discussion. 

 
Results 

Our literature review reveals various and unusual 

complications associated with their use. For 

providing a complete picture, we outline both 

thoracic and non-thoracic misadventures below. 

We go on to discuss only the thoracic 

complications in this review. 

Our review studies including: observing for 

respiratory signs (5, 7), auscultation (2, 8, 18-20), 

observing visual characteristics of aspirate from the 

tube (17), pH testing of aspirates (2, 5, 17, 21), 

insertion under direct vision (2), capnography/ 

colorimetry (5, 11, 22-24), magnetic detection  

(1, 5, 17), radiography/x-ray  (5, 12, 16, 18, 19, 25). 

Some research is given in Table 1. 

 
Table 1. Assessment methods to determine the correct gastric tube placement 
 

Reference 
(Author, Year, Title) 

Purpose 
Questions/Hypothesis 

Design/Sample 
Setting 

Findings 

Burns, S. M., et al (2006). 
Detecting inadvertent airway intubation 
during gastric tube insertion: Capnography 
versus a colorimetric carbon dioxide detector.  

Study Purpose:  
1. Compare the accuracy of 
colorimetry vs. capnography in 
determining GT placement in lung  
2. Describe variables that correlate 
with inadvertent GT airway intubation 
Hypothesis/Theoretical Framework: 
Colorimetric CO detector will indicate 
the presence of CO2 as accurately as 
capnography does. 

Design:  
Non-experimental  
N = 52 misplaced tubes out of 
195 GT insertions (130 patients)  
Randomization: No  
Convenience Sample: Yes  
Population: Adult MICU patients  
Setting: Urban Acute Care Hospital 
(expedited);  no consent required)  

1. 100% agreement between colorimetry and 
capnography in identifying CO2 when the 
tube was inserted into an endotracheal tube 
in situ (n=5) 
2. Insertion failure: 27% of attempts failed 
per capnometer (disposable sensor detected 
CO2 in all failures). 

Elpern, E. H., et al (2007). 
Capnometry and air insufflations for 
assessing initial placement of gastric tubes.  

 Study Purpose:  
1.Compare accuracy of 
Capnometry and air insufflations 
with radiography to detect GT 
placement  
2. Determine the occurrence of 
false positives and false negatives 
with air insufflations and 
Capnometry  
(specific to large bore tubes) 

N= 91 GT placements (69 patients)  
Randomization :No  
Convenience Sample; Yes  
Population: Adult pts. In MICU 
or intermediate care unit  
Setting: Urban Acute Care 
Hospital  
IRB Approval: Yes 
 

No lung GT placements. Unable to 
document false-negatives. 16% false 
positives with Capnometry; 5% with 
insufflations 

Metheny, N., et al (1994). 
Visual characteristics of aspirates from 
feeding tubes as a method for predicting 
tube location.  

Study Purpose: To determine 
characteristics of tube placed in GI 
vs. respiratory tract and to 
determine to what extent nurses are 
able to judge placement based on 
the visual characteristics of 
aspirate.  
Significance: Highly clinically 
significant  
 

Design: Descriptive  
Sample: Convenience  
N=880 aspirates. 444 from 
stomach; 448 from intestine; 
conducted by 30 acute care 
nurses in urban hospital setting. 

Nurses’ ability to identify 50 gastric and 
intestinal aspirates significantly improved 
after reading a list of suggested 
Characteristics of feeding tube aspirates 
(81.33%). 
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Cont. Table 1. 
 

Reference 
(Author, Year, Title) 

Purpose 
Questions/Hypothesis 

Design/Sample 
Setting 

Finding 

Kearns, P., et al (2001). 
A controlled comparison of traditional 
feeding tube verification methods to a 
bedside, electromagnetic technique. 

Purpose: Compare diagnostic test 
characteristics of four  GT 
confirmation methods: 
auscultation, pH, visual inspection 
of aspirate, or electromagnetic 
technique. 
 

Prospective, blinded multisite trial-
including ward and ICU patients 
from four acute care hospitals.  
Total of 113 patients ages 18 and 
older completed entire protocol. 
Total of 134 GT (small bore) 
placements in study.  
 

Agreement with x-ray confirmation of placement :  
Auscultation: 84%  
Aspiration: 50%  
pH: 56 % 
Electromagnetic: 76%  
Electromagnetic and visual inspection identified 100% 
of GT above the diaphragm. Aspiration unsuccessful in 
making a determination 53% of  the time. 
 Electromagnetic device successful 90% of time. 

Taylor, S. J., et al (2005). 
Confirmation of nasogastric tube 
position by pH testing. 

1. What is the appropriate 
hospital population for pH testing 
method of NG tube placement? 
Number of patients. on H2  
2. blockers/proton-pump 
inhibitor and methods of GT 
confirmation.  
3. How does pH testing compare 
with different pH strips 
 

Design two phase observational 
study  
N= Phase 1: 52 patients (1 day 
survey of all pts requiring NG and NI 
feeding within a geographic area);  
Phase 2: 6 types of pH strips, 
number of testers unknown  
Randomization: No  
Convenience: Yes  
Population: ICU 

PH strips more reliable than Litmus paper; pH strip 
testing unreliable in 29% of patients with NG tubes 
receiving proton-pump inhibitor or H-2 blocker. 
 

 
Methods for Confirming Nasogastric Tube Position: 

Improving safe and cost-effective procedures for 
patient care is essential. Methods for verifying the 
tube sites vary between hospitals and countries. 
Nurses are often responsible for placing nasogastric 
tubes in critically ill patients (1, 11) and checking 
for correct NG tube placement had always been a 
part of the nursing process (26).  

Methods to Check Correct Placement of 
Nasogastric Tube include: Observing for respiratory 
signs or symptoms such as coughing, dyspnoea, or 
cyanosis does not provide evidence of tube 
misplacement into the lungs. In addition, the use 
of fine-bore tubes for feeding delivery is 
increasingly accepted as standard, and these tubes 
can inadvertently be placed into tracheobronchial 
tract without causing any subjective or objective 
changes in the clinical state of the patient (5). 

Auscultation; the most common method is to 
auscultate the epigastric region during air 
insufflations and is still used to check placement in 
many settings (2, 5, 8). Auscultation is a simple and 
low-cost method (18). An American Association of 
Critical Care Nurses (AACN) practice alert in 2007 
suggested auscultation method unreliable for the 
tubes placement verification (19). Although this is  
a frequently used method in the clinical setting, 
research literature does not support the reliability of 

this method (17,18, 20). In addition, the misclassified 
NG tubes were located in the right lower lobe 
bronchus and the right pleural space, but loud 
gurgling sounds were still heard when auscultated at 
the epigastrium while inflating 20ml air into the NG 
tube (5).   

Observing visual characteristics of aspirate from 
the tube; observing the visual characteristics of 
feeding tube aspirates is of little value in 
differentiating between respiratory and GI placement 
(17, 27). 

PH testing of aspirates; if the aspirate pH is 4.0 or 
lower, feeding can start safely and tube placement is 
correct (5). In one trial, pH of 4 was able to 
accurately identify the location of only 56% of all 
NGTs (17). The pH method has no benefit in 
detecting placement of a feeding tube in the 
esophagus. Fluid withdrawn from the esophagus 
can be swallowed with alkaline saliva or refluxed 
acidic gastric juice (21). In addition, the pH test can 
be misleading because of the significant variations 
of intragastric pH in critically ill patients because of 
the extensive use of ulcer prophylactic therapy (2). 

Insertion under direct vision; this method is the 
best method to insure correct placement in high-risk 
patients. This can be achieved either by using a 
Laryngoscope or fiberoptic endoscope to insure 
correct placement (2). The methods are costly, delay 
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feeding and incur risk, endoscopy by being invasive 
and fluoroscopy from transportation off-ward (28). 

Capnography/colorimetry; to detect carbon 
dioxide (CO2) through the tubes as an indicator of 
misplacement in the respiratory tree. The use of 
colorimetric capnography and epigastric auscultation 
to confirm feeding tube placement improves nurse's 
organization of care, saves time, and decreases costs 
(22) and is a safe method (6).  

In contrast, the studies to date give conflicting 
results of CO2 detection with tubes coiled in the 
mouth or pharynx (5).  

A study indicated that Capnometry incorrectly 
identified 16% of gastrointestinal placement as in 
the lung (11). 

Magnetic detection; the third study demonstrated 
that magnetic detection method was 100% sensitive 
in detecting misplaced tubes, although it was 
unable to determine the exact location of the tubes 
(17). The presentation of the data for this study is 
incomplete and inconsistent, making the 
interpretation of the results difficult (5). Further 
well-designed prospective studies are needed to 
evaluate the technology. 

X-ray; Radiography/x-ray is the gold standard to 
verify nasogastric tube placement (18,  25) because it 
visualizes anatomy in the context of tube position 
(12). However, the challenge with using 
radiography routinely is because of  causing delays 
in tube feedings, radiographic exposures, and added 
cost (25). In addition, a radiographic test cannot be 

performed by the bedside nurse (19) Figure 1 (20).  
 
 
 
 
 

 

 

Figure 1. Chest X-rays show a correctly positioned nasogastric 
tube (left) and a nasogastric tube inadvertently positioned in the 
lower lobe of the right lung and a resulting infiltrate (right). By 
the courtesy of Pennsylvania Patient Safety Advisory. 

Discussion 

Despite widespread use of nasogastric tubes in 
clinical practice, there is little research on the 
accuracy of bedside checking procedures for the 
confirmation of NGT position. Nurses are often 
responsible for the placement of NGTs in inpatients, 
and there is a risk of inadvertent pulmonary 
intubations (3). 

Many techniques and tools have been developed 
to insert NGTs, with variable success (29). 

The focus of our recommendations is the safest 
outcome for the patients requiring nasogastric 
tube. Many methods and tools have been 
developed to insert NGTs, with variable success. 
The most popular method was auscultation. A 
survey on 383 intensive care units in 20 countries 
found that 73% of the nurses used the auscultation 
method as the most common method to check the 
placement (25). 

Despite the fact that auscultation is ineffective, 
changing long-standing traditional nursing care 
practices can be difficult. The primary problem 
with auscultation is that sounds can be transmitted 
to the epigastrium regardless of whether the NG 

tube is placed in the lung, esophagus, stomach, 
duodenum or proximal jejunum (18). Besides, 
auscultation method has been discredited largely 
due to numerous case reports of tube misplacement 
in which this method falsely indicated the correct 
gastric position (5). Another method is observing 
for cough or cyanosis. Studies imply that signs or 
symptoms such as coughing, dyspnoea, or cyanosis 
does not provide evidence for tube misplacement in 
the airway. These signs may be absent in either 
unconscious patients or those with a poor gag 
reflex (18). 

Another commonly used method is measuring 
pH from aspirate. Numerous studies have assessed 
the accuracy of measuring the aspirate pH to 
predict the feeding tube placement (5). In adults, 
mean gastric pH is 3.52 ± 2.02. This can be 
differentiated from pleural pH of 7.92 ± 0.28 or 
tracheobronchial PH of 7.81 ± 0.71, but values ≥ 6.0
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cannot differentiate fluid from the lung, 
esophagus or small bowel pH of 6.94 ± 1.31. A pH 
of ≤ 4.0 would exclude lung placement but may be 
clinically impractical because pH goes up by  
H2-blockers or proton-pump inhibitors (5).  

Two other methods are Endoscopy and 
Fluoroscopy; however, both methods are costly, 
delay feeding and incur risk, that is, endoscopy by 
being invasive and fluoroscopy from transportation 
off-ward (30). Another method is Capnography and 
Capnometry that can reduce the risk from lung 
trauma and X-ray-associated costs but they must be 
combined with a method that confirms 
gastrointestinal position, particularly to eliminate 
oral, nasopharyngeal and esophageal misplacement 
(11).  

Capnography was also able to identify tubes 
located in the esophagus and in the oral cavity but 
was unable to differentiate between the two (3). In 
addition, auscultation, appearance, and capnography 
/colorimetry should not be used on their own (5). 

Despite possibilities for misinterpretations  
(5, 7), X-rays remain the current gold standard for 
tube site verifications (2, 9, 31).  

Finally no single bedside method has been 
shown to be reliable for continuous assessment of 
tube position (5, 7, 32). Unfortunately, a post 
procedural radiograph does not prevent some 
complications of tracheobronchial insertion such 
aspneumothorax because pneumothorax occurs 
when the diameter of the feeding tube is greater 
than that of the bronchus where it is inserted (23). 
Minimizing the number of x-rays is important in 
order to avoid increased exposure to radiation, 
loss of feeding time and increased handling of 
seriously ill patients (33).  

 

Conclusions 

Due to the heterogeneity of the studies and 
small sample sizes, no conclusion can be drawn 
about the diagnostic performance of the different 
methods. In summary, no single bedside method 
is perfect for the confirmation of tube position and 

it is essential to perform large prospective clinical 
studies to further evaluate the emerging 
technologies. 

While none of the existing bedside methods for 

testing the position of nasogastric feeding tubes is 

totally reliable, there is evidence suggesting that 

using more than one method for the confirmation 

of nasogastric tube position is necessary. 
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