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Abstract
Background: Patients under resuscitation are at high risk for aspiration of gastric contents which causes
ventilator-associated pneumonia. Therefore, blind nasogastric (NG) insertion is performed for
decompression, however minimal trauma to the laryngopharynx can sometimes lead to severe bleeding
in patients with a bleeding diathesis. Recently, the usefulness of NG tube placement under the assistance
of a Video-laryngoscope (VLS) has reported. However, NG tube insertion is still performed blind, and
insertion techniques to minimize mucosal injury during resuscitation are not well understood. We
investigated laryngopharyngeal mucosal injury associated with blind NG tube insertion during
resuscitation and considered practical blind NG tube insertion guidelines to minimize mucosal injury.

Methods: We included patients (n = 84) with cardio pulmonary arrest on arrival in whom blind
nasogastric tube insertion was possible within 120 s in the Blind group and those in whom it was not
possible in the Di�cult (Dif) group. In the Dif group, VLS-assisted nasogastric tube insertion was
performed. The laryngopharyngeal mucosal condition was recorded after NG tube insertion using VLS.
Patient background, success rates, insertion time, the number of insertions, and injury scores were
evaluated. A single regression analysis was performed, and practical blind NG tube parameters for
insertion during resuscitation were assessed.

Results: Success rates in the Blind and Dif groups were 98.5% and 76.5%, respectively, and insertion
times were 48.8 ± 4.0 and 54.8 ± 3.0 s, respectively. The number of insertions (2.1 ± 0.2 vs. 8.1 ± 0.8) and
injury scores (1.04 ± 0.21 vs. 6.40 ± 0.64) in the Blind group were signi�cantly lower than those in the Dif
group, respectively. Mucosal injuries were most severe in the retropharyngeal wall in both groups. The
number of insertions and insertion time both showed strong positive correlations with injury scores.

Conclusion: The severity of laryngopharyngeal mucosal injury increased with increased insertion time
and the number of insertions. Blind nasogastric tube insertion performed within 1 min or for a maximum
of two or three attempts may minimize laryngopharyngeal mucosal injury, and VLS-assisted insertion
should be considered if these limits are exceeded.

Background
Nasogastric (NG) tubes are �exible double- or single-lumen tubes made of polyvinyl chloride,
polyurethane, or silicone. An NG tube is usually introduced into one of the nares blindly, then passed
through the oesophagus into the stomach. Nasogastric tube placement is usually easy; however, in some
cases, the insertion is di�cult for anatomical reasons. (1)

Cardiac arrest induces brain injury, which is the major cause of long-term disability and mortality among
patients as the brain is vulnerable to hypoxia. (2) Welbourn and Efstathiou (3) have reported that a
shorter duration of cardiopulmonary resuscitation (CPR) is associated with better neurological outcomes
in patients with cardiac arrest. In some cases, the introduction of cardiac or pulmonary extracorporeal
membrane oxygenation (ECMO) while continuing resuscitation is necessary. Resuscitation at the
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emergency department (ED) requires several procedures to be performed within a limited time and with
limited assistance to minimize complications. Unlike patients scheduled for surgery who are fasting,
patients under resuscitation are at high risk for aspiration of gastric contents. (4, 5) Moreover, a rapid
increase in intrathoracic pressure with continuous CPR and retention of air in the stomach due to
ventilation increase the risk of vomiting. (6) When vomiting and regurgitation occur, gastric contents can
enter the trachea (see video, Additional File 1). (7) This is more likely to occur in the supine position, and
aspiration of gastric contents cannot be completely prevented, even with intubation. This is an important
cause of ventilator-associated pneumonia (VAP) in mechanically ventilated patients. (8) Ventilator-
associated pneumonia is associated with prolonged duration of mechanical ventilation and ICU stay. The
estimated mortality rate of VAP is around 10%, and is higher in critically ill patients, including those who
undergo resuscitation. (9) Nasogastric tube insertion remains the easiest and best technique for
accessing the gastrointestinal tract. (10) The 16-Fr Salem Sump™ tube (COVIDIEN, USA), which is
relatively stiff, is widely used for gastrointestinal decompression as it is easy to insert blindly. There have
been reports of inadvertent insertion of the NG tube into the lung (see �gure, Additional File 2a, b), even in
intubated patients, (11) and some cases of mucosal injury of the laryngopharynx, oesophagus, and
stomach caused by NG tubes. In patients with bleeding diathesis, minimal trauma to the laryngopharynx
resulting from NG tube insertion may cause severe bleeding (see �gure, Additional File 2c).

Recently, the number of older patients undergoing anticoagulation and antiplatelet therapy for atrial
�brillation, pulmonary embolism, stroke, and acute coronary syndrome (ACS) has been increasing owing
to the aging of the population. (12) Furthermore, the anticoagulation or antiplatelet therapy often
prescribed in patients with cardiac/pulmonary ECMO, thrombosis, and ACS after resuscitation can
increase the risk of severe bleeding.

A video laryngoscope (VLS), which contains a miniature video camera, enables the operator to visualize
the glottis indirectly. (13) The technology was introduced in the 2000s. Video laryngoscopy improves
Cormack–Lehane grade and achieves the same or a higher intubation success rate in less time compared
to direct laryngoscopy. (14, 15) A VLS enables visualization of the glottis, pharynx, and oesophageal
entrance, and there have been several reports that NG tube (16–18) or transoesophageal
echocardiography (19) probe placement under the guidance of a VLS is useful in cases where the
insertion is di�cult (see video, Additional File 3). In a randomized, prospective clinical trial conducted by
Okabe et al., (18) VLS-assisted NG tube insertion was easy, with a success rate of 100%. All previous
studies were conducted among patients under general anaesthesia in the operating room. The setting is
different for resuscitation in the ED, where time and the number of personnel available for assistance are
limited, compared to an operating room. Nasogastric tube insertion remains a blind technique, and the
method of minimizing mucosal injury during resuscitation is not well understood. In the present study, we
�rst investigated the occurrence of laryngopharyngeal mucosal injury with blind NG tube insertion during
resuscitation and considered practical blind NG tube insertion to minimize mucosal injury. We also
analysed cases of di�cult NG tube insertion in which the NG tube could not be inserted blindly even after
120 s, and assessed the usefulness of VLS-assisted NG tube insertion during resuscitation.
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Materials And Methods

Study protocol
The study was conducted from April 2016 to March 2019 and included patients with cardiopulmonary
arrest on arrival (CPOA) who were referred to Showa University Fujigaoka Hospital (Fig. 1). Patients < 20
years and > 95 years of age or patients who were issued with a “Do Not Attempt Resuscitation” order were
excluded from this study(exclusion criterion 1). Five well-trained senior emergency physicians with more
than 10 years of experience performed careful intubation of patients using a direct laryngoscope or VLS
(C-MAC® system, KARL STORZ, Germany). Subsequently, an NG tube with a 16-French catheter scale
(Salem Sump™ tube, COVIDIEN, USA) was gently inserted to decompress the air and stomach contents.
Nasogastric tubes were not inserted in patients in whom mucosal assessment could not be performed
due to bleeding or the presence of foreign bodies and in patients with oesophageal varices or carcinoma
(exclusion criterion 2). In patients in whom the NG tube could be inserted within 120 s (Blind group, Blind),
the condition of laryngopharyngeal (retropharyngeal wall [RPW], pharynx [Px]/vocal cords [VC], and
epiglottis [Eg]/vallecula [VL]) mucosa was recorded using the VLS. Video laryngoscope-assisted NG tube
insertion was performed in patients in whom the NG tube could not be inserted even after 120 s (Di�cult
group, Dif). After the insertion, the condition of laryngopharyngeal mucosa was recorded using the same
method as for the Blind group. One hundred and �fty-nine patients with CPOA were referred to our ED. Of
these, 67 patients were excluded from this study based on criterion 1, and eight patients were excluded
based on criterion 2. Finally, 84 patients were included in this study. Patient background and success
rates were evaluated. The time taken for NG tube insertion, the number of insertions performed, and injury
scores were compared between the Blind and Dif groups. Further, correlations between injury score, age,
insertion time, and the number of insertions were examined. Subsequently, the regression line was
obtained using a single regression analysis, and we examined the practical blind NG tube insertion
technique performed during resuscitation at the ED.

De�nitions of nasogastric tube insertion time and the
number of nasogastric tube insertions
NG tube insertion time was de�ned as the time required for the emergency physician to insert an NG tube,
con�rm the gastric contents or auscultate over the epigastrium during air injection, and con�rm that the
tube was properly inserted. Finally, proper placement of the NG tube was con�rmed by obtaining X-ray
images and consulting with several physicians. The number of NG tube insertions was de�ned as the
number of times the physician pulled back the NG tube after feeling resistance during insertion.

Evaluation of laryngopharyngeal mucosal injury after
nasogastric tube insertion
Laryngopharyngeal mucosal injury after NG tube insertion was evaluated using injury scores (Fig. 2a; 0:
no injury, 1: erythema, 2: hematoma, 3: more than 10 spots of erythema and hematoma, and 4:
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laceration). (20) The three parts of the laryngopharynx (RPW, Px/VC, and Eg/VL) were evaluated
separately (Fig. 2b). The highest score of each region was de�ned as the injury score for that region. The
sum of the injury scores from the three regions was de�ned as the score for the patient. Two
investigators (K.S. and M.N.) who were blinded to the experimental groups performed the scoring
independently while watching the videos, and the average values of the scores were calculated.

Analysis of causes of failure in the Di�cult group
We also analysed the causes of failure of NG tube insertion in patients in the Dif group. In these patients,
VLS-assisted NG tube insertion was performed using the recorded images.

Statistical analysis
All statistical analyses were performed using JMP Pro version 16 (SAS, USA). Data are reported as the
mean ± standard error of the mean (SEM). The Student’s t-test was used to determine the signi�cance of
differences between the two groups. One-way analysis of variance and the Tukey–Kramer tests were
used for multiple comparisons. All statistical tests were two-tailed, and a p-value < 0.05 was considered
statistically signi�cant. Pearson's correlation coe�cient values were used for correlation analyses.
Subsequently, a single regression analysis was performed, and a regression line was obtained.

Results

Patient characteristics
The Blind and Dif groups included 67 and 17 patients, respectively (see table, Additional �le 4). The
average age of patients in the Blind and Dif groups were 71.1 ± 2.2 and 75.3 ± 2.8 years, respectively. The
blind group included 35 men and 32 women, and the Dif group included 13 men and four women. The
success rates were 98.5% in the Blind group and 76.5% in the Dif group In the Blind group, the NG tube
was inadvertently placed in the trachea of one patient. The Dif group had four cases in which NG tube
insertion was not performed due to resistance felt in the middle of the oesophagus during insertion. In the
Blind group, the time taken for NG tube insertion was 48.8 ± 4.0 s. On the other hand, in the Dif group, the
insertion time was 54.8 ± 3.0 s after switching to VLS-assisted insertion. There was no signi�cant
difference in the insertion time between the Blind and Dif groups. The number of NG tube insertions was
signi�cantly increased in the Dif group compared with the Blind group (Blind, 2.1 ± 0.2; Dif, 8.1 ± 0.8; t-test,
p < 0.05).

Blind nasogastric tube insertion continued for more than
120 s signi�cantly increased the injury score, especially for
the retropharyngeal wall
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In both groups, laryngopharyngeal mucosal injury with NG tube insertion was most severe in the RPW,
which had a signi�cantly high injury score compared with that of Eg/VL (Blind: RPW, 0.55 ± 0.13; Eg/VL,
0.18 ± 0.03; t-test, p < 0.05 vs. Dif: RPW, 2.67 ± 0.29; Eg/VL, 1.60 ± 0.32; t-test, p < 0.05; Fig. 3a, b).
Moreover, the total injury score was signi�cantly lower in the Blind group compared to the Dif group (Dif,
6.40 ± 0.64; Blind, 1.04 ± 0.21; t-test, p < 0.05; Fig. 3c). A region-speci�c examination also revealed that the
injury score was signi�cantly lower in the Blind group compared to the Dif group (RPW: Blind, 0.55 ± 0.13;
Dif, 2.67 ± 0.29; t-test, p < 0.05 vs. Px/VC: Blind, 0.31 ± 0.07; Dif, 2.13 ± 0.32; t-test, p < 0.05 vs. Eg/VL:
Blind, 0.18 ± 0.07; Dif, 1.60 ± 0.32; t-test, p < 0.05; (see �gure, Additional File 5 a–c).

Correlations among the number of nasogastric tube
insertions, insertion time, and injury scores
There were strong positive correlations between the number of insertions and injury score (r = 0.76),
insertion time and injury score (r = 0.79), and the number of insertions and insertion time (r = 0.76) (Fig.
4a). We performed a single regression analysis to elucidate the relationship between the number of
insertions and injury score and between insertion time and injury score. In this analysis, the regression
lines were useful in predicting the injury score (p < 0.05). These regression lines suggested that the
predicted injury score was low (predicted damage score less than 1–2) in cases where the NG tube could
be inserted blindly within 1 min or after two to three attempts (Fig. 4b, c).

Video laryngoscope-assisted nasogastric tube insertion
during resuscitation was safe and effective, particularly in
the Di�cult group
In 10 patients, the NG tube was smoothly advanced with the assistance of a VLS, although it could not be
inserted blindly. In three patients, the NG tube advanced towards the trachea (see video, Additional File 6);
therefore, we twisted the tube or externally compressed the larynx and to lead the tip of the NG tube to the
oesophageal entrance. Moreover, in four patients, the tip of the NG tube could be advanced towards the
oesophageal entrance but could not be passed into the oesophagus (see video, Additional File 7).
Therefore, we adjusted the angle of insertion into the oesophageal entrance and passed the tube into the
oesophagus. In all 17 patients, the NG tube was advanced through the oesophageal entrance into the
oesophagus with the assistance of a VLS. However, the procedure was discontinued in four patients due
to resistance felt during the advancement of the tube (see video, Additional File 8). During VLS-assisted
insertion of the NG tube, we noticed that a sharp corner was created whenever the NG tube was bent due
to resistance. These sharp corners damaged the mucous membranes in addition to the injury caused by
the tip of the NG tube (see video, Additional File 9a; see �gure, Additional File 9b).

Discussion
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Most NG tubes are inserted blindly with the patient in a seated position at the bedside. In awake patients,
the procedure is easy, as patients can cooperate by swallowing. On the contrary, in intubated patients, NG
tube insertion can be di�cult. (21) Ozer and Benumof (20) have reported that �rst-attempt failure rates
for blind insertion of an NG tube in an intubated patient can be as high as 50%. In the present study, in 17
of 84 (20%) patients, NG tubes could not be inserted blindly, even after more than 120 s. In contrast, in 67
of 84 (80%) patients, it could be inserted blindly and smoothly, and the time required for insertion was
only 48.8 ± 4.0 s. The success rate in the Blind group was as high as 98.5%, although the patients were
intubated. Our results indicated that blind NG tube insertion during resuscitation was smooth and quick in
most patients.

Several methods have been proposed for insertion of NG tubes in patients who are intubated. (22)
Recently, several studies have reported that VLS-assisted NG tube insertion is effective in patients in
whom blind NG tube insertion is di�cult. (14, 15, 18) The reported reasons for this are as follows: �rst, an
NG tube can be inserted by observing it on the monitor, and second, the larynx may be elevated using the
laryngoscope, which opens the oesophageal entrance, as the oesophageal entrance tends to be narrow
due to the weight of the larynx in the supine position. (18) In the present study, the time required for VLS-
assisted insertion was 54.8 ± 3.0 s. A detailed analysis of the Dif group showed that the NG tube was
smoothly placed in 10 patients. However, the NG tube advanced towards the trachea in three patients,
probably due to anatomical reasons. In another four patients, the NG tube could be advanced towards the
oesophageal entrance, but not inserted in the oesophagus, probably due to an inappropriate angle of
entry. However, in all patients, with the assistance of a VLS, we could pass the tube through the
oesophageal entrance. It was impossible to insert the NG tube blindly in seven patients. Furthermore, we
noticed that the sharp corners created by the bending of the NG tube could cause severe mucosal injury.
This could be prevented with VLS assistance. Our results indicated that VLS-assisted NG tube insertion
during resuscitation is a safe and effective method, particularly in the Dif group. However, the cost of a
VLS is between $1,800 and $7,600 and the disposable blades vary in cost from $20–30. (23) Thus, VLS-
assisted NG tube insertion is expensive compared to blind insertion. Moreover, preparing the VLS takes
time, although the insertion time itself was not signi�cantly different from that required for blind NG tube
insertion. Therefore, we �rst assessed laryngopharyngeal mucosal injury due to blind NG tube insertion
during resuscitation at the ED. We then examined the blind NG tube insertion technique to minimize the
laryngopharyngeal mucosal injury and considered VLS-assisted NG tube insertion for suitable patients.

Previous studies reported that the most common regions for mucosal injury during NG tube insertion are
the arytenoid cartilage and piriform sinus. (20) Contrastingly, in the present study, in both the Blind and
Dif groups, the most severe mucosal injuries occurred in the posterior wall of the pharynx (oropharynx)
compared to other regions. Previous studies had included patients undergoing general anaesthesia in an
operating room. (20, 21) In contrast, the present study included patients with CPOA who were undergoing
continuous CPR. Therefore, the patients’ necks might have been in a hyperextended position, and passive
neck movements during CPR might have had a role in RPW mucosal injury. Moreover, the present study
included the number of NG tube insertions, in addition to NG tube insertion time, compared with the
previous studies. Both insertion time and number of insertions showed strong positive correlations with



Page 9/16

laryngopharyngeal mucosal damage, with longer insertion times and an increased number of insertions
resulting in more severe mucosal damage. The results suggest that blind NG tube insertion performed
within 1 min or a maximum of two or three attempts is useful during resuscitation at the ED.

Our study has some limitations. Our study was a single centre study and results in the di�cult insertion
group came from 17 patients. In addition, as most of the included patients died due to cardiopulmonary
arrest, it was impossible to examine whether laryngopharyngeal injury caused haemorrhage after
anticoagulation and antiplatelet therapy. Lastly, as the patients had CPOA, we could not study the effects
of muscle relaxation or sedative agents. Further research is needed to clarify the optimal technique for
NG tube insertion at the ED.

Conclusions
The present study demonstrated that as the blind NG tube insertion time and the number of insertions
increased, the severity of laryngopharyngeal mucosal injury increased. Blind NG tube insertion performed
within 1 min or for a maximum of two or three attempts minimized laryngopharyngeal mucosal injury.
Video laryngoscope-assisted NG tube insertion should be considered if these limits are exceeded. We
believe that our �ndings are clinically applicable in patients undergoing CPR and other intubated patients
in the ED.

Abbreviations
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Figure 1

Study protocol

A total of 84 patients (the Blind group: n = 67; the Di�cult [Dif] group: n = 17) were included in the study.
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Figure 2

Evaluation of laryngopharyngeal mucosal injury after nasogastric tube insertion

(a) Laryngopharyngeal mucosal injury was evaluated using injury scores: 0, no injury; 1, erythema
(arrow); 2, hematoma (arrow); 3, more than 10 spots of erythema and hematoma (arrows); 4, laceration
(arrow).

(b) The three regions of the laryngopharynx (retropharyngeal wall [arrow indicates the uvula], pharynx
[arrow head indicates the hypopharynx/vocal cord], and epiglottis/vallecula [arrow indicates the
epiglottis]) were evaluated separately. The highest score for each region was de�ned as the injury score
for that region. The sum of the injury scores of the three regions was used as the score for the patient. 
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Figure 3

Nasogastric tube insertion continued for more than 120 s signi�cantly increased the injury score,
especially for the retropharyngeal wall

(a), (b) In both Blind and Di�cult (Dif) groups, the laryngopharyngeal mucosal injury was most severe in
the retropharyngeal wall. (c)The injury scores of the Dif group were signi�cantly higher compared with the
Blind group.

NG: nasogastric, RPW: retropharyngeal wall, Px: pharynx, VC: vocal cord, Eg: epiglottis, VL: vallecula.

*, p < 0.05 (Student’s t-test and Tukey–Kramer tests).
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Figure 4

The number of nasogastric tube insertions and insertion time both showed strong positive correlations
with injury score, and blind NG tube insertion performed within 1 min or for a maximum of two or three
times was associated with minimal mucosal injury
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(a) Correlations between the number of insertions, injury score, insertion time, and age. Strong positive
correlations were observed between the number of insertions and injury score; insertion time and injury
score; and the number of insertions and insertion time. (b), (c) The regression lines of injury score and the
number of insertions and injury score and insertion time, respectively. The tables below the graphs show
the relationship between the predicted injury scores and the number of insertions and insertion time. It is
suggested that mucosal damage is minimized (predicted damage score less than 1–2) in cases where
the nasogastric tube could be inserted within 1 min or after two to three attempts.

*, p < 0.05, strong positive correlation (Pearson's correlation coe�cient values).
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