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ABSTRACT

Many surgi cal procedures require general anesthesia in which
endotracheal intubation and nechanical ventilation is
utilized in order to nmaintain adequate patient oxygenati on.
Endotracheal intubation, hel ps assure delivery of the
adequate ventilation and prevention of aspiration of stonmach
contents into the lungs. In this study endotracheal cuff
pressures were neasured and correlated to currently utilized
cuff inflation techniques. Data was anal yzed usi ng
descriptive statistics. In 46% of the cases the cuffs were
inflated using the pilot balloon pal pation technique, 28%
were inflated using the set volune techni que, and 26% usi ng
the m ni num occl usi ve pressure techni que. Regardl ess of the
techni que used, none of the cuff pressures collected were
found to be in the acceptable range of 18 to 25 nmmHg.
Thirteen percent of cuff pressures were bel ow the m ni mum
value required to prevent aspiration, and 87% of the sanple
were inflated above the maxi num acceptabl e pressure, risking
tracheal ischema. These results suggest that the currently
used techni ques expose patients to excessive endotracheal

cuff pressures.

Key Wbrds: Endotracheal tubes, Cuff Pressure, Inflation

Techni ques, M ninmal Occl usive Pressure, Set Vol une, Pil ot

Bal | oon Pal pati on, N trous Oxide.
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PREFACE

This research was conducted to provide infornmation on the
ef fect of endotracheal cuff inflation techniques, and
resul ting endotracheal cuff pressures. This study was
desi gned to provide anesthesia providers information to

assi st with endotracheal cuff related conplications.
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Endotracheal Tube Cuff Pressure 1

CHAPTER | : | NTRODUCTI ON

Thi s study addresses endotracheal tube cuff induced
i schem c conplications, and describes currently utilized
cuff inflation techniques, and their associated tube cuff
pressures.

Many surgi cal procedures require general anesthesia, in
whi ch endotracheal intubation and nmechanical ventilation are
utilized in order to maintain adequate oxygenation for the
patient. Endotracheal intubation helps to prevent aspiration
of stomach contents into the lungs, and deliver adequate
tidal volunmes to the lungs. The technique currently utilized
by nost anesthesia providers involves inflating an
endotracheal tube cuff until it cones in contact with the
tracheal wall. This creates a seal between the trachea and

t he endotracheal tube (see Figure 1).

Figure 1.

Endot racheal Tube in Trachea




Endotracheal Tube Cuff Pressure

The cuff effectively seals the airway all ow ng delivery
of predeterm ned tidal volunes, and hel ps prevent aspiration
of oropharygeal secretions or stomach contents into the
| ungs. However, the cuff also exerts pressure on the
tracheal wall. |If excessive, this pressure can markedly
decrease tracheal capillary perfusion, and predi spose
patients to tracheal necrosis (Seegobin & Hasselt, 1984). In
this chapter the types of endotracheal tubes are presented,
foll owed by effects of nitrous oxide and current techniques

to mnimze the risk of over inflation.

Backgr ound
The ideal cuffed endotracheal tube should provide an
airway seal that would allow positive pressure ventilation
protect the airway fromaspiration of gastric contents, and
avoid traumati zing the trachea (O Donnell, 1995). Although
not all risks of trachea damage or aspiration can be

el imnated, they can be reduced.
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Figure 2.

Endotracheal Tube

Tracheal i1schemic complications, which range from mild
sore throat to trachealesophageal fistulas, are associated
with excessive pressures exerted by an endotracheal tube
cuff pressure on the tracheal mucosa (Guyton, Barlow, &
Bresselievre, 1997). A 1984 study conducted by Seegorbin and
Hasselt demonstrated that cuff pressures greater than 25 mm
Hg cause tracheal ischemia due to occlusion of mucosal
capillary blood flow. If tracheal wall pressure remains
above 50 mm Hg for 15 minutes, destruction of columnar

epithelium occurs.

Types of Endotracheal tubes.
Early endotracheal tubes were made of a stiff rubber,
requiring high pressure to inflate, and utilized low cuff

volumes. These low-volume, high-pressure cuffs tended to
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inflate in a non-circular fashion because the thickness of
the cuff wall is usually non-uniform This caused
endot racheal tubes to be displaced away fromthe center of
the trachea. The tip of the tube would often cone in contact
with the trachea, producing serious damage during tidal
breat hing. A second problemw th these early endotracheal
tubes was the fact that the cross section of the trachea is
not always circular. If the trachea is not circular, |ow
vol unme, high-pressure cuffs nust reshape the cross-section
of the trachea to a circular shape before a seal can be
created. As a result, |owvolune, high-pressure endotrachea
tube cuffs commonly created cuff to trachea pressures of
greater than 100 mm Hg, even when inflated to the m ni mum
occl usi ve pressure. This caused tracheal ischem a, and
necrosis in an estimated 5% to 20% of patients (CGuyton et
al, 1997).

In an effort to reduce cuff induced tracheal ischem a,
an i nproved cuff design was introduced in the |ate 1960s.
Hi gh-vol une, |ow pressure cuffs were designed to have a
| arge resting dianeter and a thin wall. Wth the dianeter of
the cuff being larger than the trachea, inflation of the
hi gh volunme ultra-thin cuff conforned passively to trachea
contours, resulting in |large areas of contact and required
| ower pressures to provide a seal (see Figure 2) . In
addi tion, when conpared to high-pressure cuffs, inflation
beyond that required to create an adequate seal caused

smal l er increases in tracheal wall pressure. The high-
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vol urme, | ow pressure cuff markedly reduced the incidence of
tracheal sequelae related to endotracheal cuff pressure

(O Donnel I, 1995).

Ef fect of N trous Oxide.

Nitrous oxide has the ability to diffuse into the cuff
of an endotracheal tube 34 tines faster than nitrogen can
di ffuse out, causing an increase of the cuff volune and
intracuff pressure (Patel, Oh, & Epstein, 1983). This
process is enhanced with increased exposure tine to nitrous
oxi de, decreased cuff thickness, and increased inspired
partial pressure of nitrous oxide. Increasing the thickness
of the cuff material would reduce the anmount of nitrous
oxi de diffusion. However, a thick non-conpliant cuff wll
not conformwell to the contour of the trachea, leading to
uneven pressure and formati on of channels, increasing the
risk of aspiration. 1In 1995 O Donnell denonstrated that
nitrous oxide use can raise a properly inflated endotracheal
cuff to a pressure sufficient to cause tracheal ischem a
(greater than 25 mmHg) in as little as eight m nutes
(medi an tine).

Many techni ques and desi gn changes have been devel oped
to mnimze the effect of nitrous oxide on endotracheal cuff
pressure. The endotracheal cuff itself can be inflated using
ni trous oxide, reducing over-inflation while using nitrous
oxi de during the case. However, when nitrous oxide is

di scontinued the cuff can deflate effectively increasing the
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risk of aspiration. Another suggested technique is inflating
the cuff wwth a mxture of nitrous oxide and air. The
problemwith this is that the cuff may deflate or increase
in pressure depending on the concentration of nitrous oxide
used t hroughout the case (Revenas & Lindholm 1976).
Endotracheal tubes have been introduced that had | arge
external reservoirs (pilot balloon) allow ng sonme of the
nitrous oxide to diffuse into the environnent, thus
preventing an increase in the endotracheal tube cuff
pressure. The problemw th the nitrous oxide diffusing out
of the external reservoir was that it increased the nitrous
oxide levels in the anesthetists breathing area, possibly
above acceptabl e OSHA standards (Fill, Dosch, & Bruni,
1994). Mechani cal devices have been devel oped to nmaintain
constant cuff pressure, in addition to controlling the
effect of nitrous oxide on endotracheal cuff pressure. These
devi ces have not becone popul ar because of cost and the fact
that they can cause brief increases in endotracheal cuff
pressures during coughing and positive pressure ventilation.
In the clinical setting few of these devises or techni ques

are used by anesthesia providers.

Current techniques to mnimze the risk of over
i nflation.
I ntroduction of the high-volune, |ow pressure
endotracheal cuffs has reduced the incidence and severity of

endot racheal tube cuff induced conplications (Crawl ey &
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Cross, 1975). However, over inflation of any cuff can

mar kedly increase intracuff pressure. Inflation of the
endotracheal cuff with 2 to 3 additional mlliliters of air
beyond that required for adequate seal can result in an
intracuff pressure differences of greater than 30 mMm Hg. A
nunber of techni ques have been devel oped to m nim ze the
risk of over inflation of the endotracheal tube cuff. The
nmost commonly utilized techniques include: Inflation with a
predeterm ned volune of air, pilot balloon pal pation by
anest hesia provider, utilization of a mniml |eak

techni que, mni mal occl usive volunme techni que, and direct

i ntracuff pressure neasurenent.

Provi ders who use a predeterm ned vol une techni que for
inflating the endotracheal tube cuff, inject the cuff with a
predeterm ned volune of air, such as 10 cubic centineters
(cc s). The difficulty with this is the anesthesia provider
can not determ ne the exact anobunt of pressure a
predeterm ned volune of air will exert on the trachea, it
could be too low risking aspiration, or too high inducing
tracheal danage.

The pal pation technique entails injecting air into the
cuff until the pilot balloon beconmes firmto fingertip
pal pation. A study in 1990 denonstrated | ow accuracy for
finger pal pation estimtion of cuff pressure, wth no effect
of provider experience on accuracy (Fernandez, Bl anch,
Mancebo, Bonsons, & Artigas, 1990).

Wth the mnimal |eak technique, anesthesia providers
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inject air into the cuff until a seal is achieved, then a
smal|l volune of air is renoved until a small |eak is noted
at peak inspiration. The di sadvantages of this techni que
include the fact that the cuff tends to nove in the trachea
and can cause tracheal damage. Al so, by the cuff noving in
the trachea there is an increase risk of aspiration

(O Donnel I, 1995).

The m ni mal occl usive volune technique, a variation of
the mninmal |eak technique, is when the cuff is inflated
until a seal is obtained at peak inspiration, then a snal
volunme of air is renoved until a leak is heard at that point
the cuff is inflated with the | east anount of air to
elimnate the | eak. Although this technique reduces novenent
of the endotracheal tube and provides a | ower risk of
aspiration, one study denonstrated that using this techni que
is associated with up to a 38% i nci dence of aspiration
(Benard et al, 1979).

One of the nost accurate techniques of sealing the
endotracheal tube cuff is by using direct intracuff pressure
measurenent as an indicator of adequate seal. Using this
techni que a manoneter is connected to the pilot balloon
after inflation and cuff pressures are adjusted to
appropriate levels. The nmajor disadvantage in using this
technique is the |ack of readily avail abl e manoneters for

anest hesi a providers (O Donnell, 1995).

8
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Rati onal e and Significance of the Problem
Many devi ces and techniques are available to certified

regi stered nurse anesthetists (CRNAs) to prevent or mnimze
tracheal ischem c conplications induced by endotracheal tube
cuff pressures. CRNAs have a professional obligation to
provi de the safest anesthesia possible. In a recent study
i nvol ving 44 patients, 43% of the endotracheal cuffs were
under-inflated (increasing patient risk for aspiration), 35%
were over-inflated (increasing potential risk of ischemc
conplications), and only 19% were inflated to ideal cuff
pressure (O Donnell, 1995). This disparity in safe cuff
pressures increases the risk for patient norbidity, and
denonstrates the need for a conparison of anesthesia

provi der endotracheal cuff inflation techniques.

Pur pose of the Study/Problem

Probl em

Professional literature abounds wth scientific studies
i ndicating that over inflation of the endotracheal cuff is
the | eadi ng cause of cuff induced conplications. Because
there are many techniques for inflating a endotracheal cuff,
used by anesthesia providers, there is a need for baseline
know edge as to what techniques are used and what are the
resul ting endotracheal cuff pressures from each techni que.
Pur pose

The purpose of this study is to conpare the currently
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accepted techniques for inflating and nonitoring
endotracheal cuffs, and to describe cuff pressures

associ ated with each techni que.

Research Questi ons
The follow ng research questions have been identified:
1. What endotracheal cuff inflation techniques do
anesthesia providers utilize in their
practice?

2. What is the associ ated endotracheal tube cuff
pressure with each inflation techni que
utilized?

Conceptual / Theoreti cal Framework

The conceptual framework utilized in this study is
Virgi nia Henderson s theory of nursing and the 14 conponents
of nursing care. Virginia Henderson presented her definition
of nursing before concepts and theories of nursing becane
prevalent. Her intent was to identify the specific functions
the nurse perforns rather than to describe the theoretical
basis of nursing practice. Henderson s concept of nursing
and the 14 conponents of basic nursing are |ogical, sinple,
and sel f-expl anatory, neking them an easy gui de for nursing
practice (George, 1990).

Accordi ng to Henderson:

The uni que function of the nurse is to assist the

i ndividual, sick or well, in the performance of those

activities contributing to health or its recovery (or
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peaceful death) that he would performunaided if he had

the necessary strength, will, or know edge. And to do

this in such a way as to help himgain i ndependence as

rapi dly as possible (George, 1990, pg. 64).

Hender son consi dered ot her phil osophies in devel opi ng
her concept of nursing including biophysiology, culture,

i nteraction-conmuni cation, and fundanental human needs
(George, 1990).

Henderson identified 14 basic needs of the patient. The
nurse, as seen by Henderson, assesses the patient s ability
to performthese tasks independently. She places enphasis on
the different relationships that devel op between nurses and
patients. Nurse-patient relationships can range from
dependent to independent depending on patients needs and
the conditions or pathol ogical states that alter them The
14 basi c needs of patients include:

1. Breathe normally.

Eat and drink adequately.

El i m nate body wastes.

2
3
4. Move and mai ntain desirable position.
5. Sleep and rest.
6. Sel ect suitable clothes- dress and undress.
7. Maintain body tenperature within normal range by

adj usting clothing and nodi fying the environnent.
8. Keep the body clean and well groonmed and protect the

i nt egunent .

9. Avoid dangers in the environnent and avoid injuring
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ot hers.

10. Conmunicate with others in expressing enotions,

needs, fears, or opinions.

11. Wbrship according to one s faith.

12. Wrk in such a way that there is a sense of

acconpl i shnent .
13. Play or participate in various forns of recreation.
14. Learn, discover, or satisfy the curiosity that
| eads to normal devel opnent and health and use the
avail abl e health facilities.

Wil e patients are anesthetized they are unable to
attend to their own basic needs, nmaking it the nurse
anesthetist s role to act as an external regulator of the
patients environnent. In the act of placing an endotrachel
tube and utilizing mechanical ventilation, the nurse
anesthetist is ensuring the patient that he or she has a
patent airway as well as adequate oxygenation during the
surgi cal procedure. The nurse anesthetist nust al so ensure
t hat endotracheal cuff pressure is sufficient to nmaintain an
adequate tracheal seal while mnim zing conplications of
cuff induced i schem a and aspiration. According to
Hender son, patients who are unable to control their
envi ronnent nust be assisted in avoiding dangers in the
environnent. Since patients loose this ability during
anesthesia, it becones the nurse anesthetist s
responsibility to ensure patient safety by being an external

regul ator of the patient s environnent. The nurse
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anest heti st can decrease the likelihood that the
endotracheal tube cuff will induce tracheal ischem a by
ensuring that cuffs are inflated utilizing the best

inflation technique (George, 1990).

Defi ni tions-Conceptual and Operati onal

The definition for Henderson s concept of a nurse as an
external regulator of environnent requires the nurse to act
as an agent for the incapacitated patient. The nurse
nmodi fies the environment to provide for the patient s
safety.

The operational definition for the nurse as an external
regul ator of the patient s environnent is regulating the
patient s environnment by utilizing inflation techniques to
prevent endotracheal cuff pressures from exceedi ng 25 nm Hg.
The anest hesia provider techniques include:

1. Inflation with a predeterm ned vol une of air.

2. Pilot balloon pal pation by anesthesia provider.

3. Mnimal |eak technique.

4. M nimal occlusive volune techni que.

5. Direct intracuff pressure neasurenent with a

manonet er .

The operational definition of an anesthesia provider:
Certified Registered Nurse Anesthetists (CRNA), Student
Regi stered Nurse Anesthetists (SRNA), and Anest hesi ol ogi sts.

The operational definition for associ ated pressure of

endotracheal tube cuffs: A Posey Cufflator nmanoneter is
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attached to the pilot balloon of the endotracheal tube cuff,
and a pressure reading is obtained in mllineters of

nercury.

Assunpti ons

1. Nitrous oxide diffusion into the endotracheal tube

cuff will equilibrate after 30 m nutes.

2. The patients position will not change in a way that
w |l effect endotracheal tube cuff pressure.

3. Anesthesia providers will record the

inflation technique they utilized.

Limtations
Hawt horn effect: Because the data was collected at one
institution over a period of tine it is possible the
anest hesi a providers may have changed their practice because
they were participating in a study (Burns, & G ove, 1997).
There may be disparity between the actual endotracheal
inflation techniques utilized, and the techni que anesthesia

providers report they utilized.
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CHAPTER || : REVI EW OF LI TERATURE
| nt roducti on

An extensive anmount of literature has been published
regardi ng endotracheal cuff induced conplications. Early
literature addresses the advantages of using | ow pressure,
hi gh-vol unme cuffs over the use of high-pressure, |ow vol une
cuffs. Literature after the general acceptance of |ow
pressure cuffs identified conplications associated with the
| ow- pressure cuffs. The following review will discuss the
hi story of the endotracheal tube, and attenpt to describe
i nportant studies related to endotracheal tube cuff induced
ischem a, aspiration, and the factors that can affect these
conplications i.e. nitrous oxide, and cuff inflation

t echni ques.

Hi story

In the | ate 1840s, anesthesia providers began pl aci ng
tubes orally into the larynx during anesthetic energencies to
protect the patient s airway fromaspiration of gastric
contents. These early rigid tubes were placed in the |arynx,
and gauze was packed around themto prevent aspiration of
bl ood and debri s.

In 1869, Friedrich Trendel enburg devel oped a device to
deliver anesthetics to the lungs through the trachea by
means of a soft tube maintained in place with the inflation

of a balloon surrounding the tube. The balloon was found to



Endotracheal Tube Cuff Pressure 16

be superior to gauze at preventing aspiration.

In 1880, WIIliam Macewen devel oped and pronoted a
techni que of intubating the trachea orally, elimnating the
need for a tracheotony in many head and neck procedures. In
1893, Victor Ei sennenger constructed an apparatus which
consisted of a wide bore sem -rigid endotracheal tube with
an inflatable cuff nodeled after that of Trendel enburg s
(Duncum 1947).

The conbi ned work of Joseph O Dyer and Ceorge Fell, |ed
to the devel opnent of an artificial respiration apparatus.
Surgeons qui ckly recogni zed the benefit of these devices; it
gave themthe ability to performthoracic surgery. Prior to
devel opnent of these devices few thoracic procedures were
performed because pneunothorax |ed to poor outconmes. The
advant ages of endotracheal anesthesia and the fact positive
pressure so cl osely approxi mates physi ol ogical respiration
supported its use which endures to the present day (Keyes,

1978) .

| schem a
Som Khilnani, Keller, and Som (1972) described the
pat hol ogy of endotracheal tube cuff induced ischem a. The
cuff injury results from progressive ischem c pressure
necrosis of the nucosa over the stiff cartilaginous rings.
The bl ood supply of the trachea is derived primarily from
the inferior thyroid artery, which sends branches

transversely in the fibromuscular intercartil agi nous
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menbrane. Vertical channels connect the horizontal vessels.
These vertical vessels, interposed between the rigid
cartilage externally and the nucosal surface internally, are
especially vulnerable to early occlusion by the inflated
cuff. Wth sustained pressure, the transverse arteries in
the intercartil agi nous nenbrane nay be conpressed. For these
reasons, ischema initially involves the antero-Ilateral two-
thirds of the tracheal nucosa covering unyielding cartilage.
The posterior nenbranous tracheal wall is corrugated and
distensible. This commopn wall with the esophagous has an
abundant vascul ar network both fromtracheal and esophageal
vessels. These vessels contai ned between pliable nmucosal
surfaces are less readily occluded by distention of the
cuff. These anatom c features explain the |ess frequent or

| ate invol venent of the posterior tracheal wall in stenotic
cuff lesions. Wth continuation of excessive pressure,
necrosis of all layers of the wall, including the cartil age,
can ensue (Somet al, 1972).

Tracheal ischemc conplications at the cuff site were a
maj or risk when | ow vol une, high-pressure cuffs were used.
Since the trachea is not circular the | ow vol une, high-
pressure cuffs must reshape the cross-section of the trachea
roughly to a circle before a seal is created. As a result,
very high pressures are created.

Tracheal tissue is at risk for injury when the cuff to
tracheal wall tension exceeds nucosal capillary perfusion,

which is usually 30 mm Hg (Seegobin & Hassel et, 1984). |If
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tracheal wall pressure remains above 50 mnm Hg for 15

m nutes, destruction of columar epithelium occurs.

I nfl anmati on and hi stol ogi ¢ changes occur within 24-48
hours. If tracheal wall pressure continues to be el evated
deep ul cerations with exposure of cartilage occur within one
week. The nost preval ent hazard associated wi th high-
pressure cuffs is the tendency to exert dangerously high
pressure on the tracheal wall secondary to over-inflation.
Such conplications result because pressures exerted by the
cuff exceeds tracheal capillary perfusion pressure,
resulting in mniml or absent blood flow at the point of
the cuff. Al though perfusion pressure of tracheal tissue in
a nornotensi ve person has been estimted at about 30 nm Hg,
many critically ill patients are not henodynam cally stable
and t hus probably do not have normal perfusion pressures.
Therefore, the nunber of patients who experienced
conplications was | arge.

Because of the nmany conplications, efforts were
undertaken to design a | ow pressure cuff, which would sea
the trachea at low intra-cuff pressures. Low pressure cuffs
have a |l arge resting dianeter and are thin walled, resulting
in a larger area of contact with the trachea. The maj or
advantage of this cuff is that its ultrathin wall drapes the
irregularities of the trachea and exerts a fairly even
pressure on the tracheal wall. In addition, intracuff -
pressure closely approximates that on the wall of the

trachea until the cuff wall is stretched. Also, in
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conpari son with high-pressure cuffs, inflation beyond seal
causes a smaller increase in tracheal wall pressure (Nordin,
1977).

Craw ey and Cross (1975) designed a study to determ ne
if pressures exerted by | ow pressure cuffs changed in a
dynam ¢ manner or remained static during nechanical
ventilation. Before the ventilator initiated the inspiratory
phase, airway pressure was at atnospheric pressure. As the
ventilator started to inflate the lungs, airway pressure
i ncreased. As the ventilator pressure continued to increase,
airway pressure ultimtely exceeded intracuff pressure. It
then exerted a positive pressure on the front face of the
cuff. If the cuff was a fl oppy high-volune cuff, it was
unable to resist this pressure and noved back. This had the
ef fect of reducing cuff volunme, and, as it was a cl osed
system increased the pressure in the cuff. Equilibrium was
re-established when the intra-cuff pressure was equal to
airway pressure. Simlarly, during the expiratory phase cuff
pressure decreased until the resting cuff pressure was
reached (Crawl ey & Cross, 1975).

Intracuff pressure therefore foll owed airway pressure
during that part of the inspiratory cycle when airway
pressure was greater than the resting intracuff pressure. As
a consequence, blood supply to the tracheal nucosa was
interfered with as little as possible. The pressure applied
to tracheal nucosa at the cuff interface was no nore than

that applied to the trachea below the cuff. The work of
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Craw ey and Cross (1975) suggested that high volune, |ow
pressure cuffs can effectively seal the trachea during the
time period when airway pressures change in response to
change in ventilator pressure.

Dorbin and Canfeild (1977) conpared the pressure
exerted by inflated endotracheal tube cuffs against the
tracheal nucosa and determ ned the effect that the nucosal
pressure had upon tracheal wall blood flow of anesthetized
dogs. This study found that | ow volunme, high-pressure cuffs
required 320 to 360 mm Hg of pressure to seal within the
trachea, while conpliant | ow pressure, high-volunme cuffs
requi red 20-40 mm Hg of pressure to achieve seal. The high-
pressure, |ow volune cuffs generated nucosal pressures of
147 to 205 mm Hg at seal while the | ow pressure, high-volunme
cuffs generated only 17 to 30 mm Hg nucosal pressures at
seal. This showed that not only do | ow pressure, high-vol une
cuffs require less pressure to seal, but not all of the
pressure in the cuff is exerted against the tracheal wall.

Dorbin and Canfeild (1977) also neasured tracheal bl ood
fl ow when the endotracheal tube cuffs were inflated to sea
in the trachea, and found that the |ow volune, high-pressure
cuffs reduced nmucosal blood flow from20%to 40% Low
pressure, high volune cuffs reduced mucosal blood flow only
by 2% when inflated to seal in the trachea.

The in vivo experinment showed that increased nucosal
pressure decreases tracheal wall blood flow. This results

froma reduction in caliber of the tracheal bl ood vessels.
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The authors do warn that even though the study results
favored the | ow pressure, high-volune cuffs, each step
increase in cuff pressure was associated with a synchronous
i ncrease in mucosal pressure. Since the conpliant |ow
pressure, high volune cuffs offer little resistance to
inflation, over-inflation of these cuffs could lead to a
significant reduction in nucosal blood flow (Dorbin &
Canfeild, 1977).

A simlar study perfornmed by Tonnesen, Vereen, and
Arens (1981) concluded that the cuff pressure al ways
exceeded wall pressure, and that if the cuff pressure is
measured routinely and mai ntained at a | evel below 20-30 mm
Hg, wall pressure will be below the theoretical capillary
pressure (30 nmHg) in the tracheal nucosa.

A 1984 study performed by Seegobin and Hasselt
confirmed the effect of lateral wall pressure on human
mucosal blood flow, earlier studies were perfornmed using
animal s or nodel tracheas. This study used fiberoptic
bronchoscopes to determ ne mucosal bl ood flow while varying
the cuff inflation pressure. The study involved 40
nor not ensi ve (nean arteriole pressure of 85 mm Hg) patients
under goi ng surgi cal procedures. Seegobin and Hassle (1984)
found that above 22 nmm Hg nucosal capillary blood flow was
conprom sed, and above 37 nmm Hg nucosal capillary blow fl ow
was occl uded, and above 75 nmm Hg fl ow al ong nucosal
arterioles was intermttent. The study concluded that while

| arge volune cuffs may achieve clinical seal at |ow
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intracuff pressure, inflation beyond the point of seal, with
smal |l increnents of air, readily generates excessive
intracuff pressure, and thus lateral wall pressure (Seegobin
& Hasslet, 1984).

A study of acute conplications of endotracheal
i ntubation by Rashkin (1986) showed the nobst serious
conplications (tracheonal aci a, posterior pharyngeal abscess)
were associated with persistently el evated cuff pressures,
defined as pressures greater than 25 mmHg. In this study,
nine of 29 patients had cuff pressure recorded as nore than
25 mMm Hg at | east once, and five patients had el evated cuff
pressures on three or nore occasions. In the [ater group,
two patients (40% had tracheol arygeal conplications.
Rashkin s data docunented that |ow pressure cuffs still have
potential for damaging the tracheal mnucosa, since over
inflation of any cuff can markedly increase intracuff

pressure.

Aspiration

Cottrell, Bernard, Sivakumaran, Patel, and Turndorf
(1977) attenpted to determne the mnimumintracuff pressure
needed to prevent aspiration around hi gh-vol une, | ow
pressure cuffs. After standardized induction of anesthesia
of 12 patients, tw types of cuffs were inflated with air.
Low vol une, hi gh-pressure cuffs were inflated to m ni nmal
occl udi ng vol une and hi gh-vol une, | ow pressure cuffs to an

intracuff pressure of 15 or 18 torr, or to mniml occlusive
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volunme. Ten mM s of blue dye was placed in the posterior

or opharynx under direct vision to achieve a colum of dye 5-
10 cm above the larynx. At the end of surgery, bronchoscopy
was done to check if there was any dye distal to the cuff.
Dye aspiration did not occur in the 12 intubated patients
with | owvol unme, high-pressure cuffed tubes filled to

m ni mal occl usive volune. Lateral wall pressures for these
patients were above 35 mm Hg. Al so, no aspiration occurred
in 20 spontaneously breathing and 21 nechani cal ventil ated
patients intubated with hi gh-volune, | ow pressure cuffed

t ubes when intracuff pressure was controlled at 18 torr. In
contrast, seven of 12 patients aspirated dye when intracuff
pressure in high-volunme, |ow pressure cuffs was naintai ned
at 15 torr. Six of 11 patients intubated w th high-vol une,

| ow pressure cuffed tubes filled to m nimal occlusive
aspirated. No information was given in regard to whet her

m ni mal occl usive volune was greater or equal to 18 torr.
The aut hors concluded that aspiration protection m ght be
achieved utilizing high-volune, |ow pressure cuffed tracheal
t ubes and advocated careful regulation of intracuff pressure
to at least 18 torr.

A study of 133 adult patients by Bernard et al, (1979)
reported simlar findings. The authors noted that cuff
dianeter, wall thickness and intracuff pressure determ ne
t he nunber and size of folds |ying agai nst the tracheal
mucosa and consequently the potential sites through which

liquids may travel down the trachea. They suggested using
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endotracheal tubes with |arge-dianeter, thin-walled cuffs,
whenever possible. Controlling intracuff pressure in |arge
dianeter thin-walled cuffs between 19 and 26 mm Hg shoul d
prevent significant aspiration and still allow adequate
capillary mucosal blood flow This can be done with a
pressure-regul ati ng val ve or by periodically nmeasuring

intracuff pressure and adjusting intracuff vol une.

Ni trous Oxide Diffusion

Nitrous oxide is 34 tines nore soluble in blood than
nitrogen. Meaning that nitrous oxide can diffuse into an air
filled space 34 tine faster than nitrogen can diffuse out,
resulting in the volune of the air filled space increasing.

Stanley (1973) denonstrated that nitrous oxide woul d
di ffuse into an endotracheal tube cuff, and increase vol une
proportional to the tine exposed, and the concentration of
nitrous oxide.

Revanas and Li nhol m (1976) denonstrated that in
patients adm ni stered 70% ni trous oxi de the volune of the
endot racheal tube can increase 3.3 tines the original
vol une.

Patel et al, (1983) tested endotracheal tubes exposed
to 70% ni trous oxide and 30% oxygen and varyi ng tenperatures
to determ ne which had the greatest effect in the change in
volume of the cuff. The study found that 76-88% of the
vol ume change resulted frominward diffusion of nitrous

oxi de, and 2-10% was due to oxygen. Tenperature played a
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mnimal role in the change in volune of the cuff.

A study performed by O Donnell in 1995 denonstrated
t hat 50-70% nitrous oxide could raise the intracuff pressure
from1l9 nmHg too greater than 25 mmHg in a nedian tinme of
eight mnutes. This denonstrates the need for vigilance in
assessing the endotracheal cuff pressure frequently to

prevent nitrous oxide induced vol une changes.

I nfl ation Techni ques

In 1990 Fernandez and col | eagues identified pal pation
of the pilot balloon on the endotracheal tube to be one of
t he nost conmmon nethods to estimate cuff pressure. This
study tested 20 intensive care personnel s ability to
estimate cuff pressure based on pilot balloon pal pation. 69%
were able to detect if the cuff was over-inflated, 58% were
able to identify that the cuff was inflated to acceptable
pressures, and 73% were able to detect if the cuff was
under-inflated. The study concluded that manual estinmation
is an unacceptable nethod to nonitor cuff pressure, nostly
because of the physical properties of the tubes and the
variability of the observers. Reliable systens of
measur enent shoul d be used to avoid del eterious effects due
to abnormal cuff pressures.

O Donnell (1995) determ ned that when m nimal occl usive
vol unme techni que was used, 80% of the patients were at risk
for aspiration (cuff pressure below 18 mm Hg), 7% were at

risk for tracheal ischema (cuff pressure greater than 25 nm
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Hg), and 13% were in the ideal range. Wen the pal pation
techni que was utilized 22% of the patients were at risk for
aspiration, 45% were at risk for tracheal ischema, and 33%
were in the ideal range. Wen the predeterm ned vol une

techni que was utilized 25% of the patients were at risk for
aspiration, 60% were at risk for tracheal ischema, and 15 %
were in the ideal range. This study denonstrated that

current cuff inflation techniques are not adequate to

prevent cuff-induced conplications.

Sunmary

The mai n advant age of using | ow pressure, high-volunme
cuffs are that they offer protection fromcuff induced
conplications. However, there are still problens associated
with their use. Over-inflation of the cuff can cause
i schem c conplications, and under-inflation places patients
at risk for aspiration. This study attenpted to identify an
inflation technique that consistently provides a cuff
pressure between 18 mmHg and 25 mmHg, in order to mnimze

cuff induced conplications.
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CHAPTER | Il : METHODOLOGY

| nt roducti on
This study was a conparative descriptive study (Burns,
& Grove, 1997). Data was collected to conpare the type of
inflation techni ques anesthesia providers use, and the

associ ated cuff pressures with each.

Setting

The study took place at a 350 bed comrunity hospital in
a northeastern city. The anesthesia departnent supports
8,000 cases a year. O the total nunber of cases, 40% are
general anesthesia, 40% are nonitored anesthesia care (MAC),
and 20% are regi onal anesthesia. The anesthesi a depart nent
has five anesthesiologists and el even Certified Registered
Nurse Anesthetists (CRNA s). There are also a variable
nunber of Student Regi stered Nurse Anesthetists (SRNA s)
training at the facility. No anesthesi ol ogy resident

physicians are trained at this facility.

Sanpl e
The subjects were chosen froma conveni ence sanpl e of
patients schedul ed for general surgery procedures during a
two nonth collection period. The subjects were informed of
the study the norning of the schedul ed surgery, risks and

benefits were explained, and infornmed consent were obtained
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fromthose who vol unteered. The sanple size of 50 subjects
was determ ned to have a power of .80 using a two tailed
test wwth and an al pha level of .05 (Burns & G ove, 1997).
The sanple consisted of adult general surgery patients,
schedul ed for surgical procedures of at least thirty m nutes
in duration. This study did not include patients requiring
surgi cal procedures where the head and neck are positioned
out of a neutral alignnent. Subjects were not included if

t he anest hesia provider described the intubation as
difficult on the anesthesia record, or if nore than one

attenpt at intubation was required.

Measur ement
Endotracheal cuff pressures were neasured 30 m nutes
after intubation. This 30 mnute delay allowed for the cuff
volunmes to equilibrate, for those procedures utilizing
nitrous oxide. The pressure in the endotracheal tube cuffs
were nmeasured using a calibrated Posey nanoneter, accurate
within the range of (-40 to +80) centineters of water.
Addi ti onal denographic data collected incl ude:
1. Type of provider
a. Anest hesi ol ogi st
b. Certified Registered Nurse Anestheti st
c. Student Registered Nurse Anestheti st
2. Type of surgical procedure
3. Type of endotracheal tube

4. ldentifying if nitrous oxide was used
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5. The resulting endotracheal cuff pressure

Protection of Human Ri ghts

Approval by the Institutional Review Board (IRB) was
obt ai ned. A patient consent form was obtained from each
patient prior to inclusion in the study.

Participation in this study was voluntary, and each of
the subjects had the opportunity to withdraw fromthe study
at any tine. Patients were not identified thereby
mai ntai ning confidentiality. This study neasured existing
endotracheal cuff pressures, no nodification to the pressure

was perforned.

Plan for Data Anal ysis
Dat a obtained fromthis study was anal yzed usi ng
descriptive statistics. Analysis of variables was used to
conpare inflation techniques. The Statistical Package for
the Social Sciences (SPSS), version 8.0 for Wndows 95, was

utilized for processing and anal ysis of the data.
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CHAPTER | V: PRESENTATI ON, ANALYSI S AND | NTERPRETATI ON OF
DATA
This study was conducted, to determ ne what techni ques
anesthesia providers are utilizing to inflate the
endotracheal cuffs, and which technique is best at

preventing endotracheal cuff related conplications.

Sanpl e

Sanpl es were collected from39 adult patients
under goi ng general anesthesia, for surgical procedures
| asting one hour or |onger. Endotracheal cuff pressures were
measured using a calibrated Posey nanoneter. Al
measurenents were obtained by the investigator. Anesthesia
provi ders were not informed about patient enrollnent into
the study, however many of them observed patients signing
consent docunents. However, this did not appear to influence

the data collected (see Table 1).

Resul ts

Three endotracheal cuff inflation techniques were found
to be used by anesthesia providers. Forty-six percent of the
cuffs were inflated using the pilot balloon pal pation
techni que, 28% were inflated using the set volune technique,
and 26% usi ng the m ni mrum occl usi ve pressure techni que.

None of the cuff pressures collected were found to be
in the acceptable range of eighteen to twenty-five nmhHg.

This is surprising given the fact that many of the
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anest hesia providers were aware of the nature of the study,
and that their patients were being enroll ed.

Thirteen percent of the cuff pressures were bel ow the
m ni mum val ue required to prevent aspiration; and 87% were
i nfl ated above twenty-five mmHg, placing patients at risk
for tracheal ischem a; 62%of the cuffs were inflated above
thirty-seven mmHg, which could occlude nucosal capillaries;
and 23% were inflated above seventy-five nrHg whi ch can
occl ude nucosal arterioles (Seegobin & Hasslet, 1984).

Anmong the m ni mum occl usi ve pressure sanple, 20% were
at risk for aspiration (wth cuff pressures |ess than
ei ghteen mmHg); 80% were at risk for ischema (with cuff
pressures greater than twenty-five mmMg). In the set volune
group 9% were at risk for aspiration, and 91% were at risk
for ischema. In the pilot balloon pal pation group 11% were
at risk for aspiration , and 89% were at risk for ischem a

Si xty-nine percent of the cuffs were inflated by CRNAs,
and 31% by Anest hesi ol ogi sts. Anpong the m ni mum occl usi ve
group 50% of the providers were CRNAs, and 50%
anest hesi ol ogi sts. For the preset volune group, 9% of the
provi ders were anesthesiol ogists and 91% were CRNAs. In the
pi |l ot ball oon pal pati on group, 33% were anest hesi ol ogi sts
and 67% were CRNAs.

In 74% of the cases, nitrous oxide was used, for this
reason all of the sanples were collected at least thirty
m nutes after the procedure had begun in order to allow the

endotracheal cuff pressure to equilibrate. The nean cuff
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pressure in cases in which nitrous oxide was used had a nean
of 10.2 mHg hi gher cuff pressures in cases which nitrous
oxi de was not used.

The m ni mal occl usive techni que had a nean cuff
pressure of 47.5 mrHg and a standard devi ation of 28.6. The
set volune technique had a nean cuff pressure of 61.8 mrHg
with a standard deviation of 23.9. The pilot ball oon
pal pati on techni que had a nean cuff pressure of 67.1 mrHg

and a standard devi ati on of 22. 3.

Tabl e 1.

Endotracheal Cuff Pressure Data by Inflation Techni que

Techni que n Mean St andard Devi ati on
M n Occl usive Pressure 10 47.5 28.7
Set Vol une 11 59.8 23.6
Pil ot Ball oon Pal pation 18 54.9 26.1

Each endotracheal inflation technique was conpared to
the others in a two-tailed t-test to determne if there was
statistical significance between the nean cuff pressures.
There was no statistical significance found when each of the

techni ques were conpared agai nst the others (see Table 2).
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Tabl e 2.

Endotracheal Inflation Techni gue Conpari son

Techni que Conpari son Si gni ficance

Pair 1 M ninmum Cccl usi ve . 605
Pressure & Set Vol une

Pair 2 Set Volune & Pil ot . 918
Bal | oon Pal pati on

Pair 3 M ninmum Cccl usi ve . 185
Pressure & Pil ot

Bal | oon Pal pati on

In cases in which nitrous oxide was used the nmean cuff
pressures were 57.1 mmHg, while in the cases where nitrous
was not used the nmean cuff pressure was 46.9 nmHg (see Tabl e
3). There was no statistical significance found between the

two groups using a t-test (significance of .701).
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Tabl e 3.
Cases Using and Not Using N trous Oxide

G oup n Mean Std Deviation

Ni t rous Oxi de 29 57.1 26. 3
No Nitrous 10 46. 9 23.7
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CHAPTER V: SUMVARY, CONCLUSI ONS AND RECOMIVENDATI ONS

Many surgi cal procedures require general anesthesia, in
whi ch endotracheal intubation is used in order to maintain
adequate ventilation for patients. Endotracheal intubation
hel ps in the prevention of aspiration of stomach contents
into the lungs, and delivery of the adequate tidal vol unes.
Currently this involves inflating an endotracheal tube cuff
with air until it conmes in contact with the tracheal wall,
whi ch creates a seal between the trachea and the
endot racheal tube. However, the cuff also exerts pressure on
the tracheal wall. If excessive, this pressure can markedly
decrease tracheal capillary perfusion, and predi spose
patients to tracheal necrosis (Seegobin & Hasselt, 1984).

The ideal cuffed endotracheal tube should provide an
airway seal that would allow positive pressure ventilation
protect the airway fromaspiration of gastric contents, and
avoid traumati zing the trachea (O Donnell, 1995). Although
not all risk of trachea damage or aspiration can be
el imnated, they can be reduced.

A nunber of techni ques have been devel oped to m nim ze
the risk of over inflation of the endotracheal tube cuff.
The nost commonly used techniques are: Inflation with a
predeterm ned volune of air, pilot balloon pal pation by
anest hesia provider, utilization of a mniml |eak
techni que, mni mal occl usive volunme techni que, and direct
intracuff pressure neasurenent.

Wil e patients are anestheti zed they are unable to
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attend to their basic needs, making it necessary that nurse
anesthetists act as external regulators of their

envi ronment. The nurse anesthetists nust ensure that
endotracheal cuff pressures are sufficient to nmaintain an
adequate tracheal seal while mnim zing conplications of
cuff induced i schem a and aspiration. According to
Henderson, patients who are unable to control their

envi ronnent nust be assisted in avoiding dangers in the
environnent. Since patients loose this ability during
anesthesia, it becones the responsibility of the nurse
anesthetist to ensure patient safety by being an external
regul ator of the patient s environnent. Nurse anesthetists
can decrease the likelihood that endotracheal tube cuff wll
i nduce tracheal ischem a by ensuring that cuffs are inflated
using the best inflation technique (George, 1990).

Subjects in this study were chosen froma conveni ence
sanpl e schedul ed for general surgery during a two nonth data
coll ection period. Subjects were inforned of the study the
nmorni ng of the schedul ed surgery, risks and benefits were
expl ai ned, and i nforned consent obtained. The sanple
consisted of adult general surgery patients, schedul ed for
surgi cal procedures of at least thirty mnutes in duration.
Patients requiring surgical procedures where the head and
neck are positioned out of a neutral alignnment were not
i ncl uded. Subjects were not included if the anesthesia
provi der described the intubation as difficult on the

anesthesia record, or if nore than one attenpt at intubation
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was required (trauma or edema may affect cuff pressures).
Endotracheal cuff pressures were neasured 30 m nutes
after intubation. This 30 mnute delay allowed for the cuff
volunmes to equilibrate, when nitrous oxide was used. The
pressure in the endotracheal tube cuffs were nmeasured using
a calibrated Posey nmanoneter, accurate within the range of
(-40 to +80) centineters of water. Additional denographic
data col |l ected incl ude:
1. Type of provider
a. Anest hesi ol ogi st
b. Certified Registered Nurse Anestheti st
c. Student Registered Nurse Anestheti st
Type of surgical procedure
Type of endotracheal tube

ldentifying if nitrous oxide was used

a > DN

The resulting endotracheal cuff pressure

Concl usi ons

The first research gquestion was; what endotracheal cuff
inflation techniques do anesthesia providers utilize in
their practice? Three endotracheal cuff inflation techniques
were found to be used by the anesthesia providers in this
study. In 46% of the cases the cuffs were inflated using the
pi | ot ball oon pal pati on techni que, 28% were inflated using
the set volune techni que, and 26% using the m ni mum
occl usi ve pressure techni que.

The second research question was, what is the
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associ at ed endotracheal tube cuff pressures with each
inflation technique utilized? The results denonstrated that
regardl ess of the techni que used, or type of anesthesia
provi der, none of the endotracheal cuff pressures neasured
were in an acceptable range to prevent conplications.
Thirteen percent of cuff pressures were bel ow the m ni mum
value required to prevent aspiration, and 87% of the sanple
were inflated above the maxi num acceptabl e pressure, risking
tracheal ischem a. These results woul d suggest that the
currently used techniques are ineffective at maintaining

adequate cuff pressures.

Reconmendat i ons

In this study anesthesia providers described the
type of inflation technique they used. It was not determ ned
if the technique was used properly. It is possible that they
did not properly use the nanmed technique ( i.e. for mnimal
occl usive pressure the cuff is deflated until a leak is
heard, and then is re-inflated with just enough air to
prevent the leak). It nmay be inportant to eval uate providers
know edge of the proper use of each technique.

The anesthesia providers were occasionally aware that
their patient was a participant in this study, but this did
not appear to inpact the results. Future studies nay want to
eval uate the degree of inportance anesthesia providers place
on preventing endotracheal cuff related conplications. It

may be that because no i mmedi ate sequel a are observed by
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anesthesia providers, that little concernis given to

endot racheal cuff conplications.

Recommendati on for Practice

Technol ogy is continually making avail abl e new and
i nproved tools to anesthesia providers that can enhance
patient safety. The introduction of the high-volune, |ow
pressure endotracheal cuff did | ower the risk of tracheal
ischema to patients, but continued vigilance on the part of
the anesthesia provider is required to prevent injuries. A
inflation techniques were associated with i nproper cuff
pressures. None of the providers used a nanoneter. Routine
use of manoneters to nonitor endotracheal cuff pressures may

be the safest way to prevent cuff related injuries.
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APPENDI X A: | NFORVED CONSENT
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| nfornmed Consent

Research Study
“THE EFFECT OF ENDOTRACHEAL | NFLATI ON TECHNI QUE ON
ENDOTRACHEAL CUFF PRESSURE”

My nanme is Capt Mark L Evans. | am a Nurse Anesthesia
graduat e student conducting research for ny nmaster’s thesis.
| am conducting a research study along with Lt Col MAuliffe
CRNA Ph.D fromthe Nurse Anesthesia Departnent of the
Uni fornmed Services University of the Health Sciences. You
are being asked to take part in a research study. Before you
decide to be a part of this research study, you need to
understand the risks and benefits so that you can nake an
i nformed decision. This is known as infornmed consent. This
consent form provides information about the research study,
whi ch has been explained to you. Once you understand the
study and the tests it requires, you wll be asked to sign
this formif you desire to participate in the study. Your
decision to participate is voluntary. This neans you are
free to choose if you wll take part in the study.

Pur pose and Procedures
The Departnent of Nursing Anesthesia of the Uniforned
Services University of the Health Sciences is carrying out
this research study to neasure the pressure of the balloon
in your breathing tube during surgery.

The study procedure will consist of neasuring the ball oon

of the breathing tube 30 mnutes after surgery has begun.

The ball oon hel ps hold the breathing tube in place during the
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pr ocedure.

You wi Il not be aware of the breathing tube or the
measurenents of the balloon. You will not be expected to do
anything and the quality of your anesthesia will not be
effected by this study.

Benefits

The benefits of this study will be to add to the current

body of anesthesia knowl edge and practi ce.
Ti me Comm t ment

The time commtnent for this study will last the duration
of the surgical procedure for which you are schedul ed. You
wll not be aware of the study while you are under
anest hesi a.

Ri sks
You will not feel the neasurenent of the balloon. The

potential risks of this study are the risks of general

anest hesia. The breathing tube balloon wll only be
measured, no change in the pressure of the balloon will be
made.

Cost of participation
There is no cost to you to participate in this
st udy.
Research Related Injury
This study should not entail any physical or nental risks
beyond t hose descri bed above. W do not expect conplications
to occur, but if, for any reason, you feel that conti nuing

this study would constitute a hardship for you, we wll end
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your participation in the study.

If at any tine you believe you have suffered an injury or
illness as a result of participating in this research
proj ect you should contact the Ofice of Research
Adm ni stration at the Unifornmed services University of the
Heal th Sci ences, Bethesda, MD 20814 at (301) 295-3303. This
office can review the matter with you, can provi de you
i nformati on about your rights as a subject, and may be able
to identify resources available to you. Information about
judicial avenues of conpensation is available fromthe
University’ s CGeneral Counsel (301) 295-3028.

Confidentiality of Records

Al information that you provide as part of this study
wll be confidential and will be protected to the fullest
extent of the law. Information that you provide and ot her
records related to this study wll be kept private,
accessi ble to those persons directly involved in conducting
this study and nenbers of the Uniforned Services University
of the Health Science's Institutional Review Board, who
provi de oversi ght for human use protection. However, please
be advised that under UCMJ, a mlitary nenber’s
confidentiality cannot be strictly guaranteed. Any reports
generated fromthis study will not divul ge your nane or
identity.

W t hdr aw
| understand that | nmay withdraw at any tine during the

course of this research study, revoke ny consent, and
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wthdraw fromthis study w thout prejudice. | have been
gi ven an opportunity to ask questions concerning this
research study, and any such questi ons have been answered to
my conplete satisfaction. |If you have any concerns or
questions, call Capt Mark Evans at (301) 482-1225 or Maura
S. MAuliffe Ph.D.,CRNA at (301)295-6565, chair of ny thesis
commttee. |If you have any questions about your rights as a
research subject, you should call the Director of Research
Prograns in the Ofice of Research at the Uniformed Services
University of the Health Sciences at (301) 295-3303. This
person is your representative and has no connection to the
researchers conducting this study.

| do hereby volunteer to participate in the research
study entitled : THE EFFECT OF ENDOTRACHEAL | NFLATI ON
TECHNI QUE ON ENDOTRACHEAL CUFF PRESSURE. The inplications of
my voluntary participation: the nature, duration and
pur pose; the nethods and neans by which it is to be
conducted; and the inconveni ences and hazards to be expected

have been thoroughly explained to ne by

By signing this consent formyou are agreeing that
the study has been explained to you and that you understand
this study. You are signing that you agree to take part in
this study. You wll be given a copy of this consent form!|l
have been given the opportunity to ask questions concerning
this study, and any such questions have been answered to ny

full and conpl ete satisfaction.
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Si gnature Dat e

Signature (w tness) Dat e

| certify that the research study has been explained to
t he above individual, by nme and that the individua
under st ands the nature and purpose, the possible risks and
benefits associated with taking part in this research study.

Any questions that have been rai sed have been answered.

| nvesti gat or Dat e
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APPENDI X B: DATA COLLECTI ON SHEET
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Data Col | ecti on Sheet
Type of provider
a. Anest hesi ol ogi st
b. Certified Registered Nurse Anestheti st

c. Student Registered Nurse Anestheti st

Type of surgical procedure

Type of endotracheal tube

VWAs nitrous oxi de was used Yes No

Was the neck in neutral alignnent Yes No

Measur ement of the endotracheal cuff pressure



