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BACKGROUND: Endotracheal tube (ETT) depth in premature infants is of critical importance
because potentially life-threatening adverse events can occur if the tube is malpositioned. Analysis
of current data indicates that the accuracy of current resuscitation guidelines for infants <1 kg is
poor. We hypothesized that a weight-based formula that is used clinically in our institution would
accurately predict appropriate ETT placement in infants weighing < 1 kg. METHODS: The
medical records, from July 2013 to November 2016, of all infants < 1 kg who were intubated were
retrospectively reviewed and included. The 2 formulas utilized were the Duke formulas
5.5 ecm + 1 cm/kg for infants 500-999 g or 5.0 + 1 cm/kg for infants <500 g. The appropriate ETT
position was defined as the tip of the ETT below the thoracic inlet and above the carina, at
approximately thoracic vertebrae 2 or 3 on an initial chest radiograph. The formula was defined as
being accurate if the documented ETT depth was within 0.2 cm of the predicted depth. Post hoc
analysis of current resuscitation guidelines (6 cm plus the weight of the infant in kg) was performed
after the Duke formula performed worse than expected. RESULTS: A total of 131 subjects
(mean = gestational age, 26 = 1.8 wk; mean * weight, 729 + 140 g) were included. The documented
depth was accurately predicted by the Duke formula for 47 % of the subjects, with 69% of the ETTs
appropriately positioned as seen on a chest radiograph. Sensitivity was 46.6%, specificity was
53.6%, positive predictive value was 68.8% and negative predictive value was 31.4% for the Duke
formula. Post hoc analysis current resuscitation guidelines found that the documented depth was
accurately predicted for 23% infants, with 70% of these appropriately positioned ETTs.
CONCLUSIONS: Our weight-based, institutional formula had a low sensitivity for predicting
proper ETT depth. Weight-based formulas may have clinical utility; however, analysis of current
data did not support use in infants < 1 kg. Rapid radiologic assessment of ETT placement is
required for this patient population. Key words: endotracheal tube placement; neonates; premature
neonates. [Respir Care 2019;64(3):243-247. © 2019 Daedalus Enterprises]

Introduction

Premature infants frequently require endotracheal intu-
bation due to cardiopulmonary resuscitation, surfactant de-
ficiency, poor respiratory effort, respiratory distress, or
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apnea. Appropriate endotracheal tube (ETT) depth is crit-
ically important in premature neonates because ETT mal-
positioning can result in life-threatening adverse events,
such as hypoxemia, pneumothorax, or inadvertent extuba-
tion. Overzealous manual ventilation at birth may also
cause lung injury due to high tidal volumes and high ven-
tilating pressures. Analysis of current data indicates that
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ETT DEPTH IN PREMATURE INFANTS

ETTs are malpositioned in as many as one third of infants!
and in 47% of infants < 1 kg.?

The immature lung is particularly vulnerable at birth
due to surfactant deficiency and fluid-filled alveoli, which

SEE THE RELATED EDITORIAL ON PAGE 350

carries an increased risk of pneumothorax due to low com-
pliance.? This risk is increased if the ETT is inadvertently
inserted into a main bronchus. In addition, proper ETT
positioning is critical for the delivery of endogenous sur-
factant therapy because endobronchial intubation will re-
sult in only a single lung receiving surfactant replacement.
The Neonatal Resuscitation Program recommendations
(American Academy of Pediatrics, Itasca, IL) for initial
ETT depth have not been validated in infants < 1 kg.
Specifically, the Neonatal Resuscitation Program formula
may result in an initial ETT depth that is too deep and may
expose neonates to adverse events related to mainstem
intubation. In clinical practice, our institution has used a
weight-based formula for initial ETT depth for many years
that differs from the Neonatal Resuscitation Program for-
mula; however, this formula has not been validated. The
purpose of this project was to evaluate the accuracy of this
formula.

Methods

After institutional review board approval, we retrospec-
tively identified, through electronic medical records, all
infants weighing < 1 kg who required intubation between
July 2013 and November 2016. Data were extracted on
gestational age in weeks, birthweight, and ETT depth doc-
umented in the electronic medical record. Appropriate ETT
position on chest radiograph (CXR) after initial intubation
was defined as the tip of the ETT below the thoracic inlet
and above the carina, at approximately thoracic vertebrae
2 or 3. An ETT above the thoracic inlet was defined as
high, and an ETT located below the carina was defined as
low. The ETT position on CXR was determined indepen-
dently by core respiratory therapist (RMB), and neonatol-
ogy physician (MPD). It is our policy, in the intensive care
nursery, to take CXRs with the head in a neutral position.
Due to the retrospective nature of this study, we were
unable to determine if there was any neck flexion. Un-
blinded clinicians (RMB, MPD) instead of blinded radi-
ologists were used to reflect actual clinical practice be-
cause initial ETT positioning is based on assessment at the
bedside in most instances.

In our facility, ETT depth is measured from the lip via
direct visualization before ETT taping or via tape measure
after the ETT is secured. We were unable to determine
which method was used due to the retrospective nature of
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Current knowledge

Endotracheal tube (ETT) depth in premature infants is
of critical importance as potentially life-threatening ad-
verse events can occur if the tube is malpositioned.
Analysis of current data indicated that the accuracy of
the Neonatal Resuscitation Program formula for infants
<1 kg was poor. There is a need for improved formulas
for this patient population.

What this paper contributes to our knowledge

A weight-based, institutional formula used clinically
had a low sensitivity for predicting proper ETT depth.
Weight-based formulas may have clinical utility; how-
ever, analysis of current data indicated that their accu-
racy was poor in infants < 1 kg. Rapid radiologic as-
sessment of ETT placement is necessary.

this study. After determining the documented initial ETT
depth, we calculated the predicted ETT depth by using the
subject’s birthweight and the Duke formula.

Duke Formula

e Infants between 500 and 999 g: 5.5 cm + 1 cm/kg Duke
formulas by using patient’s current weight.

e Infants < 500 g: 5.0 cm + 1 cm/kg Duke formulas by
using patient’s current weight.

The primary outcome for each version of the formula
was the proportion of ETTs appropriately positioned on a
CXR. We determined that the Duke formula was met if the
predicted ETT depth was within 2 mm of the documented
depth. The position on a CXR was classified as good, high,
or low. Results for weight, gestational age, and position on
a CXR were subsequently compared for the subjects in
whom the predicted rule was or was not met. When our
rule failed to perform as well as expected, a post hoc
analysis of the Neonatal Resuscitation Program formula
(6 cm + 1 cm/kg) was performed by using the same meth-
odology as mentioned above.

Data were analyzed by using SPSS software v24 (SPSS,
Chicago, Illinois). Chi-square and the unpaired ¢ test were
performed for categorical and continuous data, as appro-
priate. Specificity, sensitivity, and positive and negative
predictive values were also calculated. By using only ETTs
in the appropriate position on a CXR, we compared the
actual mean initial ETT depth with the depth predicted
by each formula. Statistical significance was defined as
a < 0.05.
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Table 1.  Demographics Table 3. Results for the Neonatal Resuscitation Program Formula
. All Correctly . Neonatal
Variable Infants Positioned ETT Variable Resuscitation Program P
Infants, n 131 90 Formula Prediction Met Yes No
Gestational * SD, wk 26 = 1.8 26 £ 1.
Wes_ ah‘t"“a (agilgf)a“ SD, w 722 o S 1389 Infants, n/N (%) 30/131 (23)  101/131(77)  NA
eight, mean = S0, & - - Gestational age, 26+17  25+17 63
ETT = endotracheal tube mean £ SD, wk
Weight, mean = SD, g 725 £ 161 730 £ 133 .88
Documented ETT depth, 6.7+ 0.2 6.2 = 04*  <.001
mean *= SD, cm
Table 2. Results for the Duke Formula Radiographic positioning, n (%)
Good 21 (70) 69 (68) .85
Variable Duke Formula High 6 (20) 18 (18)
P
Formula Prediction Met Yes No Low 3 (10) 1414

Infants, n/N (%) 61/131 (47)  70/131(53) NA

Gestational age, mean = SD, wk 25+ 1.8 26 = 1.7 .34
Weight, mean * SD, g 725 = 130 731 + 147 .79
ETT depth, mean *+ SD, cm 6.2+03 6.4 = 0.5% .02
Radiographic positioning, n (%)

Good 42 (69) 48 (69) .86

High 12 (20) 12(17)

Low 7(12) 10 (14)

* Defined as tip of the ETT positioned between the thoracic inlet and above the carina, at
approximately thoracic vertebrae 2 or 3.

ETT = endotracheal tube

NA = not applicable

Results

A total of 131 subjects met our inclusion criteria. The
mean *= SD gestational age was 26 = 1.8 weeks with a
birthweight of 729 = 140 g. Demographic data are sum-
marized in Table 1. The Duke formula was met for 47% of
the infants (61/131). There was no statistical significant
difference between the proportion of ETTs appropriately
positioned, whether or not the Duke formula was met
(69% vs 69%, P = .86). Sensitivity was 46.6%, speci-
ficity was 53.6%, the positive predictive value was
68.8%, and the negative predictive value was 31.4% for
the Duke formula. Results are summarized in Table 2.
In the post hoc analysis of the Neonatal Resuscitation
Program formula, the predicted depth formula predic-
tion was met for 23% of the infants (30/131). The re-
sults are summarized in Table 3.

ETTs were positioned appropriately in 90 infants.
When analyzing only those ETTs that were appropri-
ately positioned on the initial CXR, the mean * SD
documented depth was 6.3 = 0.4 cm (the Duke formula
predicted mean = SD 6.2 = 0.2 cm vs 6.7 = 0.1 cm
for Neonatal Resuscitation Program formula). The Duke
formula prediction provided a closer approximation
of the actual ETT depth (47% [42/90]) than the Neona-
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* Defined as tip of the ETT positioned between the thoracic inlet and above the carina, at
approximately thoracic vertebrae 2 or 3.

NA = not applicable

ETT = endotracheal tube

tal Resuscitation Program formula prediction (23%
[21/90]). In particular, the Neonatal Resuscitation Pro-
gram formula would have resulted in the average ETT
being placed 0.4 = 0.1 cm deeper than the actual doc-
umented depth.

Discussion

Our study evaluated the ETT depth in 131 premature
infants weighing < 1 kg. The Duke formula provided a
closer estimate when compared with the Neonatal Resus-
citation Program formula rule when only appropriately
positioned ETTs were considered; however, overall, nei-
ther formula performed well enough to be considered a
reliable indicator of ETT depth in infants < 1 kg. We
found that the Duke formula prediction was met for 46%
of our subjects with no difference in appropriately placed
ETTs when the Duke prediction formula was not met. Our
results found that the formula was followed in fewer than
half of subjects, which indicated that either the formula
was not being closely followed in the delivery room or that
the ETT depth was being adjusted clinically before the
initial CXR. This indicated that our formula was not as
closely followed in clinical practice as we believed. Im-
portantly, the Neonatal Resuscitation Program formula pre-
diction seemed to significantly overestimate ETT depth in
infants < 1 kg.

Confirmation of proper ETT placement should be com-
pleted in all patients at the time of initial intubation. A
combination of physical examination methods, fogging in
the tube, pulse oximetry, end-tidal carbon dioxide detec-
tor, and CXR should be used. These methods only confirm
placement in the trachea; currently, radiographic confir-
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mation is needed to evaluate ETT depth. Newer devices
are in development to evaluate ETT depth by using acous-
tic reflectometry but have not, to our knowledge, been
used to evaluate neonates.* Ultrasound imaging may be
used to reliably confirm ETT placement but requires spe-
cialized equipment, training, and experience in this tech-
nique.® Ultrasound was not in use at our institution during
this study. Ideally, a simple formula to determine ETT
depth in premature infants would be used; however, there
is no formula currently available. Endobronchial intuba-
tion and subsequent unilateral surfactant delivery increases
infant morbidity and mortality. Pulmonary interstitial em-
physema, pneumothorax, and atelectasis can also result
from inappropriately placed ETT.3.67

The original formula described by Tochen® is widely
known as the 7-8-9 rule for infants 1, 2, and 3 kg, respec-
tively as weight increases, so does the depth of the ETT.
This rule is widely used and is included in the Neonatal
Resuscitation Program formula guidelines for ETT depth.®
Peterson et al'® found that this rule performed well for
infants > 750 g but poorly for those < 750 g. We found
that neither the Duke nor Neonatal Resuscitation Program
formulas for initial placement performed well for infants
< 1 kg, although the Duke formula provided a closer
depth when only appropriately placed ETTs were included.
There was no significant correlation between subject weight
and ETT depth for appropriately placed ETTs, consistent
with the results of Kembley et al,'' who found that the
appropriate ETT depth was linear with gestational age but
logarithmic with weight. Because a 24-wk premature in-
fant has an approximated tracheal length of 26.87 mm
(pre-bifurcation and bifurcation length together), the 0.4 cm
difference in ETT depth between the Duke formula and
the Neonatal Resuscitation Program formula can have del-
eterious effects.!?

Flinn et al'3 examined this question in a randomized
trial by using either gestational age or birthweight and
found no differences in correctly positioned ETTs between
the groups. Importantly, this trial found that 51% of ETTs
were malpositioned when depth was determined by weight
(by using the Neonatal Resuscitation Program formula rule)
compared with 39% when gestational age was used.!3 Ama-
rilyo et al®> found similar results in 31 infants < 1 kg;
however, they adjusted the ETT depth based on ausculta-
tion and found, on CXR, that 74% of ETTs were well
positioned. ETT placement was significantly deeper in sub-
jects for whom the Duke formula prediction was not met,
which indicated that either the rule was not being followed
closely in the stressful environment of the delivery room
or the ETT was repositioned based on clinical assessment.
Peterson et al'® validated the 7—8-9 rule in a cohort of
75 infants and found that this rule performed well for
infants > 750 g. For 17 infants < 750 g, the formula was
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found to be significantly inaccurate, with the ETT posi-
tioned between 0.3 and 0.9 cm too deep.'©

Sakhuja et al'# performed a survey of clinical practice
that revealed that the majority of respondents (87%) used
the Neonatal Resuscitation Program formula or inserted
the ETT past the black vocal cord marking to estimate
ETT depth. Although the results of the study by Kem-
pley et al,'' and supported by our results, indicate that
weight-based formulas are inadequate for infants < 1 kg,
these studies were relatively small, single-center studies.'!
Flinn et al'3 directly compared the 2 methods and found
neither to be superior; however, this study was underpow-
ered to detect differences in the ETT position because they
only enrolled 90 infants in total. A large, multi-center trial
is clearly needed to better evaluate which method (weight-
based formula or gestational age) is superior.

Leung'>recently investigated ETT depth ininfants < 1 kg
and found that birthweight, gestational age, and body length
were all linearly correlated with the ETT depth. The stron-
gest correlation was with birthweight; however, the R?
value was only 0.497, R* was 0.458 for body length and
R? gestational age was 0.338. It was found that body weight
was a reasonable starting point, body length could be used
as an alternative but the most appropriate method to con-
firm ETT position was with rapid radiographic confirma-
tion.'> Our results confirmed that ETT depth was poorly
correlated with birthweight; thus analysis of current data
indicated that weight-based formulas were inadequate to
evaluate ETT depth in infants < 1 kg.

Our study had several limitations. As a retrospective
review, data were limited to data available in the medical
record. Measurement of ETT depth at the lip may have
varied among respiratory therapists. Use of the formula
and the proper head positioning during CXR were unable
to be controlled by study personnel. ETT depth may have
been adjusted based on clinical grounds before the initial
CXR; however, these data were unavailable in our medical
record. Prompt radiologic confirmation continues to be
viewed as most appropriate in determining ETT place-
ment. A prospective study is needed to confirm and better
control for these issues.

Conclusions

A weight-based institutional formula used clinically had
a low sensitivity for predicting proper ETT depth. Weight-
based formulas may have clinical utility; however, analy-
sis of current data indicated that the accuracy of these
formulas was poor in infants < 1 kg. Rapid radiologic
assessment of ETT placement is necessary.
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