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Presenter
Presentation Notes
We are honored to be presenting this lecture at this years CCTMC conference.  



Presenter
Presentation Notes
For those of you who aren’t familiar with VCU Medical Center, Virginia Commonwealth University  is a Level 1 Trauma Center tertiary care hospital in Richmond Virginia.  We currently operate 780 beds with 85,000 ER visits a year and employ roughly 18,000 employees.  Our campus includes the Children’s Hospital of Richmond along with a 15 story critical care hospital dedicated to stacked ICU’s, ER, and OR.  



Ranked #1 in Virginia  
by U.S. News & World Report 

Presenter
Presentation Notes
Matt:  What we are in the news for…



VCU Total Artificial Heart Program 

Presenter
Presentation Notes
Matt:  In more recent years, VCU has gained significant recognition for its advancements in their Total Artificial Heart program.  Today the VCU Pauley Heart Center is implanting more TAH’s than any other medical center in the country.  VCU is currently leading the study for the first portable driver (syncardia freedom driver)  powering the total artificial heart in the U.S.



Presenter
Presentation Notes
Matt:  LifeEvac is going on its 12th birthday.  It was originally created as a hybrid community based/mixed traditional style flight program with one aircraft operated by then, Rocky Mountain helicopters later to be acquired by Air Methods.  Today, LifeEvac has expanded to 3 aircraft with LifeEvac 1 remaining to be a VCU staffed hybrid model and the additional 2 aircraft, LifeEvac 2 and 3 remotely placed as community base model programs. 



∗ Examine pediatric endotracheal tube types 
∗ Compare effective securement methods 
∗ Discuss patient positioning for transport 
∗ List possible transport complications with intubated 

children and develop a systematic approach to 
trouble shooting tube placement 

Objectives 

Presenter
Presentation Notes
Matt:  Leading into our lecture today, for the next 50 minutes we will try to cover some information that is hopefully new or presented in a different way that can improve our practice.  Our goal is to review the various aspects of a pediatric endotracheal tube which make it unique.  Various vendors make tubes in  different ways.  Believe it or not, these small differences can change the way you think about securing the pediatric airway and how you assess and approach the troubleshooting of problems.  We will discuss various research studies and reviewed literature which focus on key transport elements such as patient positioning, movement, and immobilization along with the various commercial devices used vs. taping methods.  When looking at our practice in our daily jobs we should think, “is what we are doing based in some process that has been researched and studied?”  “Are we practicing evidence based medicine?”  With some small pieces of information provided in todays lecture, we hope to bridge the gap.



The main difference in pediatric and 
adults patients (for most of us) is 

our  

The Pediatric Airway: 
A Review 

13% of 
EMS Calls 

Peds Peds intubation 
Attempted once 

every 3 years 

Peds 
ETT 

Success  
Rate 
< 50% 

Presenter
Presentation Notes
Leslie:  Let’s face it, for most of us that do not work for a pediatric dedicated hospital or a pediatric transport team, we can sometime feel uncomfortable with children.  We just don’t run that many pediatric calls.  One study that we found showed that only 13% of prehospital patients are kids.  A 2001 study in Pediatric Emergency Care  studied an urban EMS system and found that ALS providers only attempted to place an IV on children 3.7 times in a one year period.  Pediatric intubations were only attempted once EVERY THREE YEARS.   So, if we are only intubating live pediatric patients once every three years, it is no wonder that several studies show that our successful intubation rate with pediatric patients is only slightly above the 50% rate.  That means just about half of the time, we are intubating the pediatric patient correctly.  Let’s face it…….(turn to next slide)…..



CHILDREN ARE SCARY!!!! 

Presenter
Presentation Notes
Leslie:  These are my three crazy girls, and I have to admit that I more scared of them than anybody else!    But, all kidding aside….  we briefly went over some of the statistics that show how it is difficult for us as prehospital providers to stay proficient with skills involving children because of our lack of exposure to them as medical patients.  We are not going to go into detail in this lecture about how to intubate a child, but more so we want to focus on the equipment that you use to get to that ultimate goal of securing the child’s airway.  We want you to understand some of the unique properties of the ETT’s, securement devices, and patient position, and how all of these things relate to the pediatric patient that you are transporting.

So…. We will do a quick overview of the anatomical differences in pediatric airway anatomy.



The Pediatric Airway: 
The Anatomy 

∗ Higher anterior position 
of glottic opening 

∗ Large tongue 
∗ Angle between 

epiglottis and laryngeal 
opening more acute 

∗ Small cricothyroid 
membranes 

∗ Large tonsils and 
adenoids 
 

Presenter
Presentation Notes
Leslie:  Obviously, the pediatric and adult patients differ.   The major differences in the pediatric and adult airway anatomy, obviously, is the size.  These differences are most pronounced from birth up to 2 years of age and then the child starts to go into a transitional period in which their airway  anatomy gradually evolves into the adult airway.  A child above the age of 8 years old tends to be much like an adult in terms of their airway anatomy.
We will quickly highlight the main differences in anatomy and refer to the picture as we go along.
Children have a high anterior position of the glottic opening.  In infants the glottic opening is around the C1 region, whereas, in adults, the glottic opening is around C4-C5.  (note in the picture  where the glottic opening is in relation to the junction of the head and neck)
 Children have a large tongue in relation to the oral cavity.
 The angle between the epiglottis and the laryngeal opening is more acute on a child than in an adult.  This why blind  endotracheal intubation is not recommended in the pediatric setting.  It is too hard to make that acute angle with the ETT.
Children have small cricothyroid membranes.  Below the age of 3-4 the membrane is virtually nonexistent, that’s why a crich is contraindicated in small children and infants and why a needle crich is so difficult.
Another difference is that children have large tonsils and adenoids and they can cause significant bleeding if traumatized during the intubation process.



The Pediatric Airway: 
A Review 

∗ Large occiputs 
∗ Basal oxygen 

consumption is 2 
times that of adults 

∗ Smaller 
(proportionally) 
functional residual 
capacity 

Presenter
Presentation Notes
Leslie:  The large occiput may cause flexion of the airway.  Important to watch head and neck placement in the pediatric patient.  And we will expand on this later.

The basal O2 consumption is 2 times that of adults:  this basically means that children have a shortened period of protection from hypoxia for an equivalent amount of preoxygenation time as compared to adults.  Because the kids  chew through the oxygen faster than adults, they have the potential to become hypoxic quicker.

Kids also have a smaller FRC, obviously, because their lungs are smaller.





The Endotracheal Tube 

Presenter
Presentation Notes
Matt:  Now that we’ve looked at some of the differences in pediatric anatomy, let’s transition now into talking further about the endotracheal tube itself.




Not All Tubes are Created Equal 

CONSTRUCTION MATERIALS 
DIAMETER 

TUBE MARKINGS 
CUFF’S 

MURPHY’S EYE 
 

Presenter
Presentation Notes
Matt:  It’s important to understand that not all endotracheal tubes are created equal and that the differences in these tubes can make a difference in our assessment findings of the pediatric patient.



∗ Poly vinyl chloride (PVC) 
∗ Cheap, transparent, latex free 
∗ Thermoplastic 

∗ Silicone 
∗ Softer – more suitable for long-term 

intubation 
∗Reinforced tubes 
 

Construction Materials 

Presenter
Presentation Notes
Matt:  Most tracheal tubes are made from PVC which is cheap, transparent, nontoxic, latex free and thermoplastic (meaning that the tube will soften at body temperature in order to mold to the airway.
Other ETT’s can be made of Silicone which is useful for the patient that will be intubated for a longer period of time because the material is softer.
There  is also a reinforced tube (see the picture) which have wire embedded in either the PVC or silicone.  These wire embedded tubes (also called armored tubes) are useful in procedures where patient positioning may compromise the airway such as head, neck, tracheal, and neurosurgical operations done in the prone position.  These tubes can easily be angled away from the surgical site without getting kinked.




∗Radio opaque line 
 

Construction Materials 

Presenter
Presentation Notes
Matt:  Since PVC and silicone are not radio opaque, manufacturers embed radio opaque material in a line in the ETT to visualize the ETT on x-ray



 
 

∗ Internal diameter 
 
∗ External diameter varies 

 

Tube Diameter 

Presenter
Presentation Notes
Matt:  Endotracheal tubes are available from 2.0 mm internal diameter and available in size increments of 0.5mm on up.  Keep in mind that endotracheal tubes are sized and manufactured by the INTERNAL DIAMETER, not the external diameter.  So if you are asking for a 6.0 ETT then you are asking for one with an internal diameter of 6 mm.  This tube pictured has an internal diameter of 6, but note that the external diameter is 8.8 mm.   Therefore, the outer diameter of the tube will vary depending on the manufacturer of the tube and the materials used.  



Tube Diameter 

Presenter
Presentation Notes
Matt:  The ETT in this picture is used for elephant intubations and has an internal diameter of 45 mm. 



∗ Cricoid ring is the narrowest part of the airway in 
a child 

∗ 1 mm of edema in the adult airway = 19% occlusion 
∗ 1mm of edema in the peds airway = 75% 

occlusion 
∗ Using too large of an ETT has a high risk of post 

extubation croup 
 

ETT Sizing:  Why important? 

Koka, B. J. (1977). Postintubation croup in children. 
Anesthesia and Analgesia, 56, 501-505. 

Presenter
Presentation Notes
Leslie:  Why is appropriate size selection important?  Well we want to select the ET tube which maximizes airflow through the internal diameter to offer a path of least resistance for the patient to ventilate through.  However, too large of a tube can cause complications when we extubate these children.   In a study by Koka noted in the Journal of Anesthesia and Analgesia in 19777, it is noted that one mm of airway edema in the adult can cause a 19% airway occlusion.  The same 1 mm edema in the pediatric airway can cause a 75% airway occlusion.  



∗ Age based formulas 
∗ Broselow tape 
∗ Over 22 formulas available 
 
∗ What does the research tell us about 

sizing? 
 

∗ Orf, J., Thomas, S., & Ahmed, W. (2000, October). Appropriateness of endotracheal tube size 
and insertion depth in children undergoing air medical transport. Pediatric Emergency Care, 
16(5), 321-327. 

∗ Von Rettberg, M. ; Thil, E. ; Genzwurker, H. et al. (2010, July).  Endotracheal tubes in pediatric 
patients: Published formulas to estimate the optimal size.  Anaesthesist.  

 

Size Determination 

Presenter
Presentation Notes
Leslie:  How do we select the appropriate size tube?  Pick a method, any method.  Orf, Thomas & Ahmed published a study in 2000 in Pediatric Emergency Care that revealed significant doubt in the relevance of PALS guidelines for tube size and lip line guidelines as strict clinical indicators.  Assessment is key.  Hard core trust should not be given into formulas, and preprinted charts.  



ETT Depth:  Why Is It Important? 

∗ Too Deep: 
∗ Bronchial intubation 
∗ Irritation to the carina 

∗ Tachycardia 
∗ Hypertension 
∗ Bronchospasm 
∗ Hypoxemia 

∗ Too Shallow: 
∗ Higher risk for extubation 
∗ Damage to the vocal 

cords 

Optimal Placement = ½ way between carina & 
vocal cords (mid trachea) 

Presenter
Presentation Notes
Leslie:  Why is tube sizing important?  ETT sizing is imperative in pediatrics because of the small area of the trachea that you have to work with to get the tube in the right place.  Ideally, the ETT needs to be placed in the mid trachea for optimal ventilation to both lungs.  The complications that can occur when the ETT is too deep are:  …. (Go over slide)   Especially in a sick neonate, accurate positioning is essential for surfactant delivery and ventilation of both lungs.    Unfortunately, right and/or left mainstem intubations are not always caught right away.  We’ll talk about that a little bit more in a later slide.  



 

∗ NO INTERNATIONAL STANDARD FOR MARKINGS 
∗ Inconsistent  
∗ Variable among manufacturers 

 

Tube Markings 

Presenter
Presentation Notes
Matt:  Regarding tube depth markings.  There is NO INTERNATIONAL STANDARD FOR TUBE MARKINGS!!!  The markings are variable and there is great potential for confusion.   



Tube Markings 

∗ Length is measured from 
distal end (end inserted 
first in airway) 

∗ Marked in centimeters 

Measured  
From the 

Tip. 

Inconsistent 
w/ 

Gaps in 
sequence 

Presenter
Presentation Notes
Matt:  Tube markings include graduated markings along the length of the tube which show the distance, numbered in centimeters, from the tube tip.  However these are inconsistent and there are sometimes gaps in the sequence.  This can lead to difficulties in correctly estimating the tube depth and it has been suggested that the visibility of these markings be improved.  



Tube Markings 

Presenter
Presentation Notes
Matt:  Unfortunately, these guide markers are variable between manufacturers and even between cuffed and uncuffed tubes from the same manufacturer.  The picture on the screen is a comparison of 3 different pediatric ETT’s from different manufacturers.  As you can see, the cm markings on the tubes vary in their position, with the bottom tube’s 10 cm mark varying greatly from the other two.    This is a great example of not relying solely on the use of the ETT marks because they cannot guarantee correct tube depth and clinical criteria should be used.   




Tube Markings 

Presenter
Presentation Notes
Matt:  You also have tube markings at the distal end of the tube that are intended to  aid  the intubator in the positioning  of the distal end of the tube in relation to the vocal cords .  In ETT’s with one mark, the manufacturer’s recommend that the vocal cords should be at the black mark.  In ETT’s with 2 marks, it is recommended that the vocal cords should be in between the 2 marks.  For children with AVERAGE tracheal lengths, placing these black marks at the vocal cords per the manufacturers instructions will generally put the distal tip of the tracheal tube in the mid-tracheal position.



∗ “There is no uniformity amongst the various 
manufacturers as to the type of guide mark – 
horizontal or vertical, single or multiple, and 
distance from the ETT tip.  It will thus remain a 
reliable intubation depth marker but only for the 
discerning.”  

 -Goel and Lim, Paediatric Anaesthesia, 2003 

Tube Markings 

Presenter
Presentation Notes
Matt:  The Journal of Paediatric Anesthesia published a study in 2003 comparing multiple endotracheal tubes and their markings.  This is what  they concluded.



 Tube depth should be 
determined with 
assessment… 

 not just markings! 
 

Tube Depth 

Presenter
Presentation Notes
Leslie:  In summary…. THERE IS NO ONE MAGIC FORMULA THAT IS PROVEN TO BE BETTER THAN OTHERS.  We have to rely and TRUST our assessment findings and not get too focused on the markings of an endotracheal tube.  



“…variability in the tracheal length 
among patients makes it impossible to 
predict with certainty that a technique 
based on a formula or markers on the 
ETT will work in all patients.” 

 
 
Yoo, S., Kim, J., Han, S., et al. (2007, September).  A comparative study of endotracheal 

tube positioning methods in children; safety from neck movement.  Anesthesia & 
Analgesia, 105, 620-625. 

 

Tube Depth 

Presenter
Presentation Notes
Leslie:  All patients are different.  A formula can not be applied to all children and expect the same outcome. 



Tube Depth 

∗ Direct visualization 
∗ ETCO2? 
∗ Chest x-ray 
∗ Bilateral breath sounds? 
∗ Absence of epigastric 

sounds 
∗ Bilateral chest rise? 
∗ Misting in the tube? 

Presenter
Presentation Notes
Leslie:  Using  ETT depth markers in conjunction with multiple assessment parameters helps to assure us that our ETT is adequately placed.  I would advise you to follow the protocols that your medical director sets forth, but keep in mind that just because you use a mathmatical formula and come up with a number to secure the tube at the lip or teeth…… you need to rely on your assessment parameters to ensure proper tube placement. 

Bilateral chest rise---what if pt is still breathing????

ETCO2 trustworthy?  Hypopharnyx placement with spontaneous breathing patients.



Is ETCO2 Trustworthy? 

∗ 2001 Annals of Emergency 
Med Article 

∗ 108 Intubated Pt by EMS 
∗ 25% improperly placed  
∗ 33% of those improperly 

placed tubes were in the 
hypopharnyx (9 pts) 

∗ 56% of those (5pts) had 
evidence of ETCO2 on ED 
arrival 

DO NOT RELY 
ON ETCO2 AS 

THE ONLY 
CONFIRMATION 

TOOL 

Katz SH, Falk JL. Misplaced endotracheal tubes by paramedics in an urban emergency medical 
services system. Ann Emerg Med. January 2001;37:32-37 

 

Presenter
Presentation Notes
This issue has recently had “national attention due to the article by Katz SH, Falk JL. Misplaced endotracheal tubes by paramedics in an urban: emergency medical services system. Ann Emerg Med. January 2001;37:32-37. 
Results: A total of 108 intubated patients were studied. On arrival in the ED, 25% (27/108) of patients were found to have improperly placed endotracheal tubes. Of the misplaced tubes, 67% (18/27) were found to be in the esophagus, whereas in 33% (9/27), the tip of the tube was found to be in the hypopharynx, above the vocal cords. Of the patients with misplaced tubes noted in the hypopharynx, 33% (3/9) died while in the ED. For the patients found to have tubes in the hypopharynx, 56% (5/9) had evidence of ETCO2 on ED arrival. For the patients found to have esophageal tube placement on ED arrival, 56% (10/18) died in the ED. Esophageal intubation was associated with an absence of expired CO2 (17/18, 94%) on ED arrival. The singe patient in this subset with a recordable ETCO2 had been nasotracheally intubated with the tip of the endotracheal tube noted in the esophagus while spontaneous respirations were present. On patient arrival to the ED, 63% (68/108) of the patients had direct laryngoscopy in addition to ETCO2 determination. All patients had ETCO2 evaluation performed on arrival. All patients in whom an absence of ETCO2 was demonstrated on patient arrival underwent direct laryngoscopy. In cases in which direct 



Murphy's Eye 

Presenter
Presentation Notes
Leslie:  We just discussed different ways to use our assessment skills to confirm endotracheal tube placement.  One of the assessments that we use all of the time to confirm placement that I want to caution you about is listening to bilateral breath sounds.  While it is a great assessment skill to use it in combination with multiple other confirmation techniques, it absolutely should not be relied upon as a parameter by itself..  One important reason is that when using an endotracheal tube with a Murphy’s eye, it can skew your assessment.  Basically, the Murphy’s eye was designed  to allow ventilation of the lung when the bevel (or the end) of the ETT is occluded.  However, the presence of the Murphy’s eye reduces the reliability of chest auscultatiion. 



Murphy’s Eye 

Bilateral breath sounds in  

60% 
 of main-stem intubations! 

Brune, Coleman, Schwartz, et al. (1989) Assessment of routine chest roentgenograms and 
the physical examination to confirm endotracheal tube position.   CHEST:  Journal of the 
American College of Chest Physicians.   

Presenter
Presentation Notes
Leslie: *Some San Francisco researchers published a study back in 1989 that showed that in 60% of mainstem intubations, bilateral breath sounds could be heard.





∗ The ETT can be advanced up to 3.2 cm into the right 
bronchus of adults before breath sounds are lost on 
the left side. 

∗ 153 Peds OR cases confirmed ETT with lung sounds… 
∗ 18 right main stemmed 
∗ 29 too low 
∗ 31% error based on lung sounds alone! 

Murphy’s Eye 

Sugiyama, et al.  (1999)  Does the Murphy Eye reduce the reliability of chest auscultation in detecting 
endobronchial intubation?  Anesthesia & Analgesia Journal 
 
Verghese, et al.  (2004)  Auscultation of bilateral breath sounds does not rule out endobrochial intubation 
in children.  Anesthesia & Analgesia Journal 

Presenter
Presentation Notes
Leslie:  *In another study, done in 1999,  Japanese researchers found that they could advance an ETT with a Murphy’s eye as much as 3.1cm into the right mainstem and still hear bilateral breath sounds.  Essentially at the point that these researchers had advanced the tube that far in the right mainstem and blew up the cuff, the cuff ended up sealing off the right bronchus so that breath sounds could not be heard on the left side.  But the depth that you could insert the ETT in the right or left mainstem before occluding the bronchus with your inflated cuff would depend on the manufacturer because not all ETT’s have the same distance between the tip and the cuff or the Murphy’s eye and the cuff.
*One pediatric study that I found.  There were 153 pediatric OR cases that were intubated in the OR and breath sounds were confirmed.  Out of these 153 cases, 18 ETT’s were found to be right mainstemmed and 29 were found to be too low, but still above the level of the carina.  So, basically 47 ETT’s had confirmed placement on these pediatric patients by breath sounds, but were later found to be improperly positioned after chest x-ray.  
*So my biggest point in all of this is to not rely on just breath sounds alone because ETT placement cannot be confirmed with that one assessment parameter and that is partly because of the Murphy’s eye.
*One thing that I want you to think about is after you intubate a patient and confirm placement, you secure the tube.  If the tube was already right mainstemmed, you may not know it.  Later when you go to transport the patient or through them on the backboard or load them into your vehicle, the patient gets moved quite a bit.  The potential for this tube to migrate even further is “huge”.  So if you already have right mainstemmed the patient and then the ETT migrates more, be aware that this may appear like a pneumo. 



Cuff vs. Uncuffed 

Presenter
Presentation Notes
Leslie:  One big controversy in pediatric airway management has been the use of cuffed or uncuffed tubes.  Unfortunately, many of the past recommendations were not based on research.  Ideally, the main purpose of the ETT is to provide a reliable connection between the patient’s lung and a source of ventilation and oxygenation (i.e. BVM or ventilator), So, this connection should be leak-proof without putting an enormous amount of pressure on the trachea or larynx.  If this connection is not reasonably tight, meaning that there are no leaks, then we cannot guarantee a constant minute ventilation, Peep, and precise respiratory monitoring.  We also can’t guarantee a seal that will prevent aspiration of gastric contents.  

In the past, recommendations were made that children under the age of 8-10 needed to be intubated with an uncuffed tube.  The theory behind this was that the cricoid ring was  and is the narrowest part of the pediatric airway, so if an uncuffed tube fit snugly through the cricoid ring it would provide sufficient sealing without a cuff.  It was also thought that this snug fitting tube would allow for a small air leak at a 25 cm of H2O airway pressure.  But in order to have this ETT that fit the cricoid opening and allowed for an air leak at 25 cm of pressure, the intubator needed to have the precisely sized ETT.  So then all these smart people decided to make up tons of different formulas to find the perfect sized tube to fit the pediatric airway because practitioners were intubating and extubating the pediatric patient multiple times to find the perfect fitting tube!!  So the problem was that you could either intubate and extubate your patient multiple times to find the right sized tube if you weren’t lucky enough to get it right the first time, or you had to live with an oversized tracheal tube that may damage the mucosal lining of the airway, or you had a big air leak because your tube was too small.
    But, thank goodness for research.  Researchers actually found that the cricoid ring in children is not so round after all and that it is actually an ellipsoid structure.  So when you try to put a round ETT in this elliptical type shape, and have it fit snugly (like past clinicians suggested), there was actually quite a bit of pressure that was put on the posterior and lateral portions of the cricoid structure that caused damage.





Uncuffed Tubes 

∗ Oversized: 
∗ Multiple intubation attempts 
∗ Laryngeal injury 
 

∗ Undersized : 
∗ Unreliable ventilation & 

oxygenation 
∗ Imprecise capnography & lung 

function tests 
∗ Aspiration risk 
∗ “children receiving uncuffed 

tubes were significantly more 
likely to demonstrate clinically 
significant loss of tidal volume” 

Dorsey, D., Bowman, S., Klein, M., Archer, D., & Sharar, S. (2010). 
Perioperative use of cuffed endotracheal tubes is advantageous 
in young pediatric burn patients. Burns (03054179), 36(6), 856-
860. doi:10.1016/j.burns.2009.11.011 
 

Presenter
Presentation Notes
Leslie:  So, we made this slide to highlight some of the differences in cuffed and uncuffed ETT’s that research has brought forward in the last decade.
In looking at uncuffed tubes, in the past, the practioner’s goal was to find the perfect size tube.  Unfortunately, if you didn’t intubate the first time with the perfect sized tube, you were left with a choice of whether to extubate and reintubate the patient or not.  So using an uncuffed tube and not getting the right sized tube the first time lead to multiple intubation attempts that increased the risks of airway trauma.  However, if the practioner decided to leave in the wrong size ETT, you were left with some complications.  The oversized tube could lead to laryngeal injury.  However, if the ETT was too small, then you had air leakage problems.  This lead to the unreliable ventilation and oxygenation.  If you didn’t know how big your leak was, you didn’t know how much was escaping around the tube.  This lead also to imprecise capnography and lung function testing, high anesthetic gas use, and contamination of the environment with anesthetic gases because of the leak.



Cuffed Tubes 

Advantages: 
∗ Fewer intubation attempts due 

to sizing issues 
∗ Decreased risk of aspiration 
∗ Ability to precisely control 

ventilation 
∗ Able to guarantee PEEP 
∗ Accurate monitoring of 

respiratory function 

∗ Decreased anesthetic gas use 
∗ Decreased environmental 

contamination of gases 
∗ Ability to adjust for change in 

compliance (burns) 
∗ Decreases post-operative pneumonia 

∗ Poelaert, J., Depuydt, P., De Wolf, A., 
Van de Velde, S., Herck, I., & Blot, S. 
(2008). Polyurethane cuffed 
endotracheal tubes to prevent early 
postoperative pneumonia after cardiac 
surgery: a pilot study. The Journal Of 
Thoracic And Cardiovascular Surgery, 
135(4), 771-776. 

Cuffed Tubes Migrate Less 

Presenter
Presentation Notes
Leslie:  Some of the advantages to using a cuffed ETT are:  (put notebook notes and notes from Weiss article in here)  Discuss disadvantages.



Cuffed Tubes  

Disadvantages: 

∗ More costly 
∗ Monitor cuff pressure 
∗ 20 – 30 cm H20 safe zone 
∗ Laryngeal damage risk 
∗ Post intubation stridor risk 
∗ Using smaller internal diameter 

tube with cuffed tubes 
 

 

Presenter
Presentation Notes
Leslie:  Unfortunately, there are also disadvantages to having a cuffed tube also, and some of these disadvantages are that cuffed tubes are more expensive (however, if you are not intubating the kid 4 times to find the perfect sized tube, then you are not wasting 4 ETT’s per case.  Another disadvantage is that you have to monitor the cuff pressures in your tube.  So that involves having to have the equipment to monitor the pressures and it involves training your staff to use the equipment.  But these are easily taught.  Unfortunately, some of the cuffed endotracheal tubes may have a smaller internal diameter than uncuffed tubes.  So, in theory the patient may have increased work of breathing to overcome this, but there have been no studies to date that we have been able to find to show that this is a problem.





How Should You Store Your Tubes? 

Presenter
Presentation Notes
Matt:  



Storage Considerations 

∗ Flat 
∗ Un-kinked 
∗ Pre-styletted 
∗ All sizes 
∗ All cuffed 

 



TAPING vs. 
COMMERCIAL DEVICES 

Not all Securement Devices are 
Created Equal 

Presenter
Presentation Notes
Matt



Thomas Tube Holder 

Carlson, Mayrose, Krause, et al. (2007)  Extubation force:  tape versus endotracheal 
tube holders.  Buffalo, NY.   

Clamp the ETT after 
the device is strapped 
to the patients head! 

Compared: 
-Thomas Tube Holder 
-Endogrip by Biomedix 
-Precision Medical ETT 
holder 
-Ergo Med Tube Tamer 

Method: 
-Fresh unembalmed 
cadavers 

Results: 
-The Thomas ETT holder was 
the only device stronger 
than tape. 
-Other commercial devices 
are not as strong as tape 

Presenter
Presentation Notes
A New York study in 2007 study compared tube securement devices on fresh unembalmed cadavers.  The study compared tape vs four commercial ET tube holders (Thomas Tube Holder, EndoGrip by Biomedix, The Precision Medical Endotracheal tube holder, and the Tube Tamer by ErgoMed Inc).  The Thomas tube holder was the only device that secured the tube better than tape.  The study concluded that most commercial devices are not as strong as your standard cloth tape.

There are other studies out there… but they use plastic manequins, have unrealistic environments.  When looking at research, find studies which have systems in place to replicate real patient scenarios.  Manequins are not the best with this.

Clamp the tube down into the holder … AFTER the holder has been secured to the patients head.




∗Other studies exist…but they use 
plastic mannequins and have 
unrealistic environments. 
 
 
 

 
 

Tape vs. Commercial Device 

Presenter
Presentation Notes
Matt:  Of all of the literature that we’ve reviewed we continuously see the Lillehei taping method mentioned over and over again.  It was utilized as the criterion taping method in a 1994 Kaplow and Bookbinder study and again in a 2007 Carlson study completed at the State University of New York.  Although there are numerous methods for using tape to secure an endotracheal tube, the Lillehei method is described in Clinical Procedures in Emergency Medicine, a nationally recognized reference textbook for emergency medicine procedures; see Figure 1 (Roberts & Hedges, 2003).  

	



Lillehei Taping Method 

Roberts, J., & Hedges, J. (2003). Clinical Procedures in Emergency Medicine 
4th ed. Philadelphia, PA: WB Saunders. 

Mentioned in: 
-1994 Kaplow & Bookbinder 
securement study 
-2007 Carlson Study 
 
-Referenced in Clinical Procedures 
in Emergency Medicine as a 
suggested securement method. 

Presenter
Presentation Notes
Matt:  The Lillehei method uses a piece of tape that encircles the head at the level of the lips and secures the endotracheal tube with each end of the tape being split in half.  See Figure 1.  The top portions of the tape are individually wrapped around the endotracheal tube in a snug fashion with the tube being centered at the roof of the upper jaw.  The bottom halves of each side of tape are overlapped tightly below the lower lip, yet above the chin (Roberts & Hedges, 2003). 




Lillehei Taping Method 



NeoBar 

• X-rays identified the tips as: 
• Very high to Very low  
 

• Results:  
• Tape = more likely to be 

“very low” 
• Neobar = most likely to be 

“very high” (shallow) and 
at risk for extubation. 

 
Brinsmead, et al.  (May 2010)  Securing endotracheal tubes:  does NeoBar availability 
improve tube position?  Journal of Paediatric Child Health  (Queensland Australia) 

Presenter
Presentation Notes
Matt:  In a Queensland Austrailia study printed in the Journal of Paediatric Child Health, the Neo Bar infant endotracheal tube holder was studied.  They assessed whether or not endotracheal tube position improved with the neobar use.  The study compared intubated neonates with tubes secured with tape only and then another group with the neobar.  The ET tube tip position was assessed via xray and categorized on a scale of very high to very low in relation to T1.  The results were that with the use of tape, we are more likely to have ET tubes that are very low and with ET tubes secured with a NeoBar we are more likely to have tubes secured very high placing us at a greater risk for extubation.  In transport this can be a scary situation.  



∗Adult & Teen:   Thomas Tube Holder 
∗ Infant:  Well practiced taping method of 

choice.  Remove all commercial devices 

Transport Suggestions… 



∗ 2005 Study by Kim in Pediatric Anesthesia 
∗ Full head extension, trachea elongated by .95 cm 
∗ 12.1% increase in tracheal length  

Tracheal Elongation 

Kim (2005)  Elongation of the trachea during neck extension in children:  
implications of the safety of endotracheal tubes.  Pediatric Anesthesia 

NO MATTER HOW THE TUBE IS SECURED (TAPE VS. COMMERCIAL 
METHOD), HEAD MOVEMENT CAN LEAD TO ETT DISPLACEMENT. 

Presenter
Presentation Notes
Leslie:  No matter how the tube is secured, whether it be a commercial device or tape…. It can still move. 



Tube & Head Movement 

Extension of the 
head moves the 
ETT away from 
the carina 

Presenter
Presentation Notes
Leslie:  We are going to talk a little bit about ETT’s and head movement because it is an important concept to grasp.  Many of you probably already know this but when a person is intubated and their neck is extended or flexed, it changes the position of the ETT.  Basically, an easy way to remember how the tube moves, is to follow the movement of the patients chin.  If the chin moves up, the ETT moves up.  So in this picture, the child’s neck is extended.  If he were intubated, the ETT would be moving up towards the cords.  So I want you to think about this head movement in your smaller pediatric patients  who have huge occiputs.  The potential is great for a young  child to become extubated if their head is extended at a great angle.  



Tube & Head Movement 

- Extending the neck moves 
the ETT 0.5 to 1.2 cm north. 
 

- Flexing the neck moves the 
ETT distally 0.5 to 1.0 cm. 

Ritz, et al.  (2008)  The impact of head position on the cuff and tube tip position of 
preformed oral tracheal tubes in young children.  Anaesthesia. 

Presenter
Presentation Notes
Leslie:



Head Extension 

Presenter
Presentation Notes
Leslie:



Tube & Head Movement 

Flexion of the 
head moves 
the ETT 
toward the 
carina 

Presenter
Presentation Notes
Leslie



Head Flexion 

Presenter
Presentation Notes
Leslie:



Recommendations for 
Transport 



IMMOBILIZATION IS PARAMOUNT! 

• Neonatal cervical manipulation significantly changes tube 
depth 

• Immobilization prevents tube dislodgement   

Kim (2009).  Head rotation, flexion, and extension alter 
endotracheal tube position in adults and children.   Canadian 
Journal of Anesthesia.  

Presenter
Presentation Notes
Matt:  Cervical immobilization has become a hot topic in terms of endotracheal tube securement.  One key consideration of tube securement is head flexion, extension and rotation.
	The impact of head position in relation to endotracheal tube depth may bring cervical immobilization as a standard practice in critical care transport for neonates and peds, regardless of the presence of trauma.  Minimizing tube movement will minimize the risk of an accidental extubation on bronchus intubation, events that can lead to a catastrophic patient outcome. 



∗ Allows some 
flexibility from 
BVM to ETT 

∗ Med delivery 
and suction 
port 

Consider Flexible ETT Elbows 

Presenter
Presentation Notes
Matt:



∗ (2004) PennState retrospective study 
∗ 10 years of PICU admissions 
∗ 5 years before & after PSCHSA initiated  
∗ PennState Children’s Hospital Sedation Algorithm  
∗ Before – 0.44 to 0.63 unplanned ext. per 100 admissions 
∗ After – 0.0 to 0.19 unplanned ext. per 100 admissions 

 

Sedation 

Popernack, M., Thomas, N., & Lucking, S. (2004, January). Decreasing unplanned 
extubations: utilization of the Penn State Children's Hospital Sedation Algorithm. 
Pediatric Critical Care Medicine, 5(1), 58-62. 

Presenter
Presentation Notes
Matt:  The appropriate use of sedation has also come to light when ensuring the placement of endotracheal tubes.  A 2004 PennState study retrospectively evaluated all ventilated patients admitted to their Pediatric Intensive Care Unit within a 10 year period.  Upon evaluating the data in regards to unplanned extubations, the hospital created the Penn State Children’s Hospital Sedation Algorithm (PSCHSA).  This became a requirement for all children intubated and mechanically ventilated in the PICU.  Data was then collected for 5 years after the PSCHSA was instituted.  The study concluded that before the implementation of the PSCHSA, unplanned extubation rates ranged between 0.44 and 0.63 per 100 intubated patient days.  After the implementation of the PSCHSA, unplanned extubation rates ranged between 0 and 0.19 incidences per 100 intubated patient days (Popernack, Thomas, & Lucking, 2004). The algorithm established six levels of sedation, each based on alertness of the child and the amount of ventilator support required. 

Along with the levels, a protocol was established for using the algorithm. When a child was placed on a ventilator, the desired level was established by the patient's medical team and prescribed by physician order. The nurses administered physician-prescribed medications to achieve the desired goal. In collaboration with the nurses, the respiratory therapists were responsible for identifying changes in patient status that deviated from the goal. An evaluation and adjustments were made daily or more frequently if necessary and all elements of the patient's care were documented and communicated to the family and among medical staff.
Starting in 1996 after implementation of the algorithm, unplanned extubation rates were tracked for five years. The data showed that unplanned extubations dropped from between 0.44 and 0.63 per 100 intubated patient days before use of the algorithm, to between 0 and 0.19 per 100 intubated patient days for the four years after mandatory use of the algorithm. Length of stay in the pediatric intensive care unit did not increase, suggesting that the tools used in the algorithm did not lead to increased ventilator days.

 
	This significant decrease in unplanned extubations reinforces that appropriate patient sedation can decrease the risk of endotracheal tube displacement.  Incorporating an adequate sedation protocol in the critical care setting is paramount to minimizing patient movement and protecting the intubated airway.  These factors have also lead critical care transport programs to consider short term chemical paralysis in the intubated pediatric patient. 



Discussion of Paralytics 

∗ Rooting reflex 
∗ False ETCO2 

readings 
∗ Pt movement 

 

Presenter
Presentation Notes
Matt:  Pt diaphragmatic movement is the one factor that can alter your assessment and give your false positives for tube placement.  1.. The diaphragm can move giving you chest rise and fall give you a false indicator for bilateral chest rise and tube placement.
Children have a natural reflex to root and tongue on things in their mouths due to the natural instinct to breast feed.  To eliminate this  natural reflex and protect tube placement, it is imperative to paralyze the patient.  Children can easily tongue out the tube.
3.. If a tube becomes displaced and a patient is not paralyzed, the patient could compensate for prolonged periods of time if there diaphragmatic movement is intact.  If they are paralyzed and the tube becomes displaced, you will immediately know beecause the patient will be unable to compensate.  The sooner you recognize this, the sooner you can fix the problem.
What do you need to know prior to paralyzing them?  If they are on a vent, you need to their rate, their MV, their pressures, so you can best match that after they are paralyzed.  



∗Know your tube  
∗Depth determined with assessment, 

not just markings 
∗Use multiple ETT confirmation 

techniques 
∗Considered cuffed tubes 
∗Remove weight from the tubes 

 

In Summary 



∗ Appropriate securement device 
∗ Immobilize the whole body!  (not just the c-spine) 
∗ Sedate/Paralytics 
∗ Assess after every move! 
∗ TAKE YOUR TIME!  DON’T RUSH!   
∗ Secure it the right way BEFORE you leave 
 

 

In Summary 



Questions???? 

∗ Leslie Grant , RN, BSN, CFRN 
∗ lgrant@mcvh-vcu.edu 

 
 

∗ Matt Payne, RN, EMT-P, CFRN, FP-C 
∗ mpayne@mcvh-vcu.edu 

 

mailto:lgrant@mcvh-vcu.edu
mailto:mpayne@mcvh-vcu.edu
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