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Abstract

Endotracheal tube (ETT) management is an essential technique in handling mice with mechanical
ventilators. Malposition into bronchi causes not only lethal complications for them but also less
efficient mechanical ventilation. However, in general, it is difficult to know whether the ETT is
placed with appropriate depth into the trachea of mice. We measured the distance from incisors to
the bifurcation of trachea of multiple mice, and created a new estimation formula to obtain the
suitable ETT length for mice with a body weight range from 17 g to 25 g: length (mm) = 0.5 x
bodyweight (g) + 7. However, millimeter step adjustments are impracticable. Thus, slightly shorter
than 2 cm (18-20 mm) may be the universal ETT length for mice with bodyweight > 17 g.
Furthermore, their foot size may be a good alternative to predict the individual optimal ETT length
for mice.

Abstract

Endotrachealtubus (ETT)-Management ist eine wichtige Technik fir Versuche mit Mdusen unter
Einsatz mechanischer Beatmungsgerate. Eine Fehlstellung der Bronchien fuhrt nicht nur zu
tédlichen Komplikationen, sondern auch zu einer schlechteren mechanischen Beatmung. Generell
ist es jedoch schwierig zu beurteilen, ob der ETT entsprechend tief in die Luftrohre von Mdusen
eingebracht wird. Wir haben den Abstand von den Schneidezéhnen bis zur Bifurkation der
Luftréhre mehrerer Méause gemessen und eine neue Schatzformel erstellt, um die passende ETT-
Lange fir Mé&use mit einem Kdrpergewicht im Bereich von 17 — 25 g zu erzielen: Lange (mm) =
0,5 x Korpergewicht (g) + 7. Anpassungen in Millimeterstufen sind jedoch nicht praktikabel. So
koénnte die universelle ETT-Léange fiir Mduse mit dem Kdérpergewicht etwas kiirzer als 2 cm (18 -
20 mm) sein. Dartber hinaus kann die FuBgréfie von Mdusen eine gute Alternative sein, um die
individuelle, fir sie optimale ETT-L&nge vorherzubestimmen.

Abstract

La gestion del Tubo Endotraqueal (ETT) es una técnica esencial a la hora de manipular ratones
con ventiladores mecénicos. Una mala posicion en los bronquios provoca no solo complicaciones
letales para ellos sino también una ventilacion mecanica menos eficaz. No obstante, en general, es
dificil saber si la ETT esta colocada a la profundidad necesaria dentro de la traquea del ratdn.
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Medimos la distancia desde los incisivos a la bifurcacién de la traquea de varios ratones y creamos
una nueva férmula de estimacion para obtener la longitud adecuada de la ETT para ratones con un
rango de peso corporal de 17 a 25 gr: longitud (mm) = 0,5 x peso corporal (gr) + 7. No obstante,
los ajustes de pasos milimetrados son impracticables. Por tanto, una longitud ligeramente inferior
a2 cm (18 — 20 cm) puede ser la longitud universal de ETT para ratones con peso corporal.
Asimismo, su tamao de pata puede ser una buena alternativa para predecir la longitud éptima de
ETT individual para los ratones.

Abstract

La gestion des sondes endotrachéales (SET) est une technique essentielle dans le traitement des
souris par ventilateur mécanique. Un mauvais positionnement dans les bronches provoque non
seulement des complications mortelles, mais il rend également la ventilation mécanique moins
efficace. Il est cependant généralement difficile de savoir si la SET est placeé a la bonne
profondeur dans la tracheé de souris. Nous avons mesuré la distance entre la bifurcation des
incisives et la tracheé de nombreuses souris, et créé” une nouvelle formule d’estimation pour
obtenir la longueur adéquate d’une SET destinée aux souris ayant un poids allant de 174259 :
longueur (mm) = 0,5 x poids corporel (g) + 7. Il n’est toutefois pas possible dans la pratique
d’effectuer des ajustements millimétriques. Ainsi, une sonde d’un peu moins de 2 cm de long (18
— 20 mm) peut s’avérer la mesure de SET universelle appropriée aux souris avec son poids
corporel. En outre, le pied peut aussi s’avérer une bonne alternative pour prédire la longueur
optimale d’une SET chez une souris individuelle.
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Airway management is critical in animal experiments with mechanical ventilation.
Malposition of the endotracheal tube (ETT) within the airway such as endobronchial
intubation results in serious complications, including lung collapse, which could be lethal
for mice. Although many technical reports have been published regarding non-invasive
endotracheal intubation methods for mice, little is known about the optimal ETT depth for
mice.1~11 How can we check the ETT position for intubated mice? In daily clinical care for
intubated human patients, we routinely confirm the ETT position using several methods.12
Chest X-rays and lung auscultation are typical examples. For laboratory animals, however,
they are generally inaccessible. Given the lack of ways to confirm ETT depth, determining a
suitable ETT length for mice remains a priority.

Mice used in this work were included in research projects underway in our laboratory, with
each project being approved by the Institutional Animal Care and Use Committee of the
Cedars-Sinai Medical Center. All animal experimental procedures were conducted in
accordance with the Guide for the Care and Use of Laboratory Animals of National Institute
of Health and the Public Health Service Policy on Humane Care and Use of Laboratory
Animals. The mice were purchased from The Jackson Laboratory (Bar Harbor, ME), and
were housed under specific pathogen-free conditions at the Comparative Medicine Facility
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of Cedars-Sinai Medical Center. More specifically, animals were housed in individually
ventilated cages (Allentown Inc., NJ, USA), five per cage, over autoclaved wood bedding
(Sani-Chips, PJ Murphy, NJ, USA) under stable conditions (temperature 22-25 C, relative
humidity 50-70%, 12-h light/dark cycle) with unrestricted access to water and diet. Nestlets
(Ancare Corp, NY, USA) and a PVC pipe were provided for enrichment. We used three
groups of mice; C57BL/6 male and female mice housed with standard diet; Balb/c male
mice fed with standard diet; and C57BL6 female mice fed with high-fat diet (TD88137)
(ENVIGO, Indianapolis, IN, USA) for 20 weeks (Table 1). All measurements were
performed on mice after euthanasia by isoflurane inhalation overdose.

A standard disposable intravenous catheter (BD Insyte Autoguard, 20GA 1.00 in., Becton
Dickinson Infusion Therapy Systems Inc, Sandy, UT, USA) was orotracheally intubated, and
the distances between the lower incisors and the bifurcation of the trachea (I-B distance), or
the center of the thyroid cartilage (an index of the level of vocal cord; I-V distance) were
measured (Figure 1(a)). The relationship between these measurements and bodyweight or
height (the distance between the nose to the joint of a tail) was plotted, and their linear
approximation and the coefficient of determination (R?) were calculated (Excel for Mac
2011, Microsoft, Redmond, WA, USA). The formula used by Excel is: = the regression sum
of squares / the total sum of squares = DEVSQ (explained 1-B lengths 1, explained I-B
length 2. ..) / DEVSQ (measured I-B length 1, measured I-B length 2 . . .). In addition,
using the same mice, their size of right foot (the distance from the tip of the heel to the tip of
the middle toe) was measured to evaluate the association with appropriate length of ETT
intubation. All other statistical analysis was performed using Prism 4.0 software (GraphPad
Software, San Diego, CA, USA). A pvalue < 0.05 was considered statistically significant.

In the standard-diet C57BL/6 group, there was no significant difference between the sexes
in height, or I-B and 1-V distance (Table 1). Therefore, we decided to use both male and
female data together in the subsequent analysis. We calculated the linear association
between the 1-B distance and body weight with a coefficient of determination (R? = 0.81),
which was better than with height (R = 0.25): 1-B distance (mm) = 0.46 x bodyweight (g)
+ 12 (black broken line on Figure 1(b)). The length of trachea (distance from the vocal cord
to the bifurcation of the trachea [V-B distance in Table 1], between black and grey broken
lines on Figure 1(b)) was roughly 10 mm. The center of the trachea may be the safe ETT-tip
position to prevent both accidental extubation and endobronchial intubation, which should
be 5 mm inside from the vocal cord in our case.® Hence, we created the following simplified
formula to estimate optimal ETT length for mice: length (mm) x 0.5 bodyweight (g) + 7
(black solid line on Figure 1(b)). We also plotted foot sizes in Figure 1(b) (black triangles),
all of which fell between the 1-B and 1-V distances. In addition, we confirmed that the
simplified formula could be applied to the Balb/c mice group, and their foot size was also a
good surrogate to estimate optimal ETT length (Figure 1(c)). On the other hand, our formula
did not correlate well with mice that were older and overweight (Figure 1(d)); however, their
foot size remained a good criterion of ETT length (Figure 1(d).

Our findings require some careful interpretation as these are not guarantees but instead are
guides for appropriate ETT tip position. These findings may not be applicable to other
strains of mice. Additionally, we did not analyze tube width in this study. Some
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investigations used 24-gauge catheters, while others 20-gauge for orotracheal intubation.
4-9.13 While a wider endotracheal tube may cause injuries or edema to the airway, it allows a
more accurate measure of airway pressure, ventilation with expected volume, or infallible
drug administration by tight seal with the airway.° Thus, it is ideal that the tube size be
chosen according to purposes of intubation, which will be a good subject for future
investigation. Based on these limitations, this report raised a critical issue of management of
ETT length with ventilated mice, which has not been well addressed, and provided data to
resolve it.

Evaluation of the success of endotracheal intubation is an important topic for researchers
using intubated animals, and several methods have been reported in mice such as observing
animal respiratory patterns and water drop movement inside the connected tube.2:413
However, these methods overlook extremely deep or shallow intubation, thus making them
less reliable. Studies published by Vergari et al. clearly stipulate the appropriate ETT length
as 3—6 mm to insert from the vocal cords, which corresponds with our findings. Brown et al.
described the insertion length as 3 mm into the trachea; however, our results found that the
trachea has more length to be occupied and the ~3 mm insertion length may be too shallow
and cause accidental extubation.1=3 In this study, we have provided a new estimation
formula to obtain a suitable ETT length, which could be applied to two different strains of
mice within the general range of bodyweight. However, the bodyweight-based calculation
may not always be applicable, especially in obese mice, as shown in Figure 1(d). Moreover,
it is impractical to adjust the small tube precisely in 1 mm steps. Therefore, we concluded
that slightly shorter than 2 cm (18-20 mm) is the optimal ETT length for mice within the
range of bodyweight (Grey line on Figure 1(b)—(d)). It should be noted that this simple
number (18-20 mm) can be applied safely to obese mice, while the calculated length by the
formula can result in too deep intubation. These findings may indicate that the growth rate of
the trachea along with increase in bodyweight becomes slower at a certain point.
Furthermore, we found foot size to be a good alternative to estimate optimal ETT length.
Measurement of foot size can be performed promptly and easily without expensive
equipment. In addition to C57BI/6 mice, this method could be applied to Balb/c mice as well
as obese mice. Incidentally, foot size has been previously reported to be useful for estimating
optimal nasotracheal tube length for human neonates.!* In conclusion, in addition to our
formula, foot size may also accurately predict the distance for safe endotracheal intubation
for mice. Further studies need to be performed to ensure the usefulness and safety of these
estimation methods using mice under mechanical ventilation.
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Figurel.
Strategy and results for measuring distances between lower incisors and the bifurcation of

the carina, or the vocal cord. (a) To measure the distance between the lower incisors and the
bifurcation of the trachea (I-B distance), the tip of intubated catheter was placed at the
bifurcation, and the catheter was marked at the lower incisors level (Step 1). When the
catheter was so short that it did not reach to the bifurcation of the trachea, a guidewire was
inserted in the catheter to fill the gap. Subsequently, to measure distance between the lower
incisors and the vocal code (I-V distance), the catheter was carefully withdrawn to the
center of the thyroid cartilage, an index of the level of vocal cord, and catheter was marked
again at the lower incisors level (Step 2). The catheter was finally pulled out and the
distances between the tip of catheter and marked points were measured (Step 3). (b)—(d)
Black and grey broken lines indicate I-B and I-V distance, respectively. Proposed target
depth of endotracheal tube tip was indicated by a black solid line (y = 0.5% + 7). A grey
band indicates 18-20 mm. Black triangles indicate the foot size of each mouse. Each graph
shows the result of C57/BL6 mice with standard diet (b), Balb/c mice with standard diet (c),
and obese female C57/BL6 mice fed with high-fat diet (d).

Lab Anim. Author manuscript; available in PMC 2019 February 11.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Nosaka et al.

Characteristics of animals in this study.

Table 1

Balb/c mice With

C57BL/6 mice

C57BL /6 mice With standard diet standard diet With high-fat diet

All Male Female Male Female

(n=36) (n=21) (n=15) pvaluet (n=16) p-value? (n=7)
Age (week) 9.1+28 82+27 105+24 .01 83+37 .96 457+5.1
Bodyweight (g) 209+25 212+27 204+2.1 26 24+32 29 47.4+6.0
Height (mm) 89.1+44 883%52 90.2+2.6 .38 89.8+45 .37 106.9+3.0
1-B distance (mm) 221+13 221%13 22013 12 221+15 .83 273+19
-V distance (mm)  11.6+1.0 11.4+1.0 11.8+0.9 22 120+11 .08 144+18
V-B distance (mm) 105+1.1 10.7+1.1 102+12 .23 10.2+11 .16 129+16
Foot size (mm) 18.0+05 18.0%05 17.9+05 .64 18.0+04 .97 19.0+0.0

Data are mean * SD. p-values were calculated by Mann-Whitney’s Utest between standard diet-fed C57BL/6 male and female micel, or

compared between standard diet-fed C57BL/6 male mice and Balb/c male mice

2

Lab Anim. Author manuscript; available in PMC 2019 February 11.

Page 7



	Abstract
	References
	Figure 1.
	Table 1

