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Chapter I:

THE STUDY PROBLEM

Introduction
It is estimated that over 100,000_ deaths occur each
year as a result of head injury (NHIF, -1989).

A significant

percentage of patients with head ihjury have abnormal
intracranial pressure (ICP) (Miller & Becker, 1977).
Marshall, Smith & Shapiro_ (1979) concluded that persistent
increased intracranial pressure is indicative of an adverse
outcome, and other studies support thi's view (Miller
Butterworth, 1981; Saul & Ducher, 1982).

&

Increased

intracranial pressure is a common cause of irreversible
cerebral ischemia in head-injured patients (Langfitt &
Gennarelli, 1982).

Rockoff and Kennedy _(1988) cite prompt

recognition and treatment of intracranial hypertension as a
means of increasing survival.
Statement of Problem
A major consideration in the nursing care of headinjured patients is the prevention of increases in
intracranial pressure that occur with nursing procedures
1
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such as bathing, turning, and suctioning.

In addition, many

severely head-injured patients are mechanically ventilated
and require repeated endotracheal suctioning (ETS) during
the course of nursing care.

studies relating nursing

interventions to ICP have associated ETS with marked
increases in ICP (Fanconi & Due, 1987; Durand, Sangha,
Cabal, Hoppenbrouwers, & Hodgman, 1989; Shalit

~

Umansky,

1977; Boortz-Marx, 1985; Mitchell & Mauss, 1987; Synder,
1983; Preusser, Stone, Gonyon, Winningham, Groch, & Kail,
. 1988).
A commonly employed means of limiting ICP increases
during ETS is extrinsically produced hyperventilation by a
manual resuscitator (Parsons & Shogun, 1984; Chulay, 1988;
Stone & Vurst, 1989; Preusser & Stone, 1988).
Hyperventilation lowers the pre-ETS ICP by lowering the
partial pressure of carbon dioxide (PaC0 2 ) .

It does not

prevent increases in ICP, but does lower the baseline from
which the increase occurs.
An alternative intervention to hyperventilation is the
use of lidocaine administered either intravenously or as an
aerosol.

Lidocaine is a local anesthetic of the amide type

with cardiac antiarrhythmic properties.

It prevents the

initiation and conduction of nerve impulses.

Metabolized in

3

the liver and excreted via the kidneys, lidocaine's
elimination half-life following an IV bolus injection is
usually 1 1/2 to 2 hours (Physician's Desk Reference, 1989).
This study examines hyperventilation and the use of
lidocaine bytwo different routes for their efficacy in
limiting the extent and duration of ICP increases associated
with ETS.
_Significance of the Study
This study addresses the use of ·therapeutic nursing
interventions for

mechanic~lly-ventilated,

head-injured

patients, in whom the increases· of ICP associated with ETS
are frequent and potentially harmful.

The consequence of

increased ICP is often reduced cerebral perfusion, which
results in ischemia and brain damage (Jennett & Teasdale,
1981).

Increased ICP is most deleterious when the brain is

no longer able to compensate for pressure increases (Rudy,
1984).

The traditional pre-ETS intervention of

hyperventilation is useful in lowering baseline ICP;
however, increases in ICP still occur with ETS, possibly the
result of tracheal stimulation and the triggering of pain
and cough responses.

The use of an anesthetic agent to

attenuate the effects of tracheal stimulation would appear
to offer great benefits to the patient Subjected to ETS.

4

Intravenous and intratracheal administration of lidocaine
have been studied previously and found to be beneficial;
however, both have disadvantages.

The effectiveness of

intravenous lidocaine in preventing the cough reflex is dose
dependent; serum levels of less than 3.0 micrograms per
milliliter (mcgjml) have been ineffectual (Yano, et al.,
1986).

systemic administration subjects the patient to side

effects such as paresthesias, disorientation, agitation, and
seizures.

Intratracheal administration produces a more

localized effect and avoids systemic side effects through
lower serum levels.

However, the instillation of

intratracheal lidocaine provokes the cough reflex thereby
increasing baseline ICP (White, Schlobohm, Pitts, &
Lindauer, 1982).

Vuckovic, Rooney, Goldiner, and O'Sullivan

(1980) advocate the use of aerosolized lidocaine during the
intubation of patient's "where a reflex rise in intracranial
pressure would be detrimental" (p. 804).
others (Venus, Polassani,

&

Their study and

Pham, .1984; Gove, Wiggins,

&

Stableforth, 1985; Abou-Madi, Kezler, & Yacoub, 1973; and
Thawley., 1987) confirm the beneficial anesthetic and
cardiopulmonary effects of lidocaine during intubation,
bronchoscopy,_ laryngoscopy, and tracheostomy.

The specific

5

effects of aerosolized lidocaine on ICP increases associated
with ETS have not been investigated.
Hvpothesis
The research hypothesis for this study was that
aerosolized lidocaine would be more effective in limiting
the extent and durat:i,on of increases in intracranial
pressure associated with endotracheal suctioning than
hyperventilation .or. intravenous lidocaine.
Qefinition of Terms
Increased intracranial pressure was defined as a
pressure of greater than 15 mm Hg, as measured by an
intraventricular catheter or subarachnoid bolt connected to
a pressure transducer properly positioned andcalibrated.
Endotracheal suctioning was defined as the removal of
secretions from the trachea by mechanical aspiration,
following sterile technique.

An in-line, closed system

suction catheter of either 14:· French, or less than or equal
to 1/2 the internai surface area of the endotracheal tube
was inserted wltliout vacuum until an obstruction was met.
(When the radius of the suction catheter is expressed in
French units and the radius of the endotracheal tube is
expressed in millimeters, twice the area of the suction
catheter is approximately equal to the area of the

6

endotracheal tube [Tiffin, Keim, & Frewen, 1990]).
lavage was used.

No

The catheter was withdrawn with continuous

suction over a period of 10 seconds.

A negative pressure of

80 mm Hg, measured by clamping the connecting tubing and
adjusting the gauge to -80 mm Hg, was used.
Hyperventilation was defined as an increase in the
minute ventilation by 35% for a period of one minute, or
until ICP decreased 10% from baseline levels, or until endtidal

co. decreased· 10% from baseline levels.

Chapter. II:

Review of Literature

This chapter will include research relevant to the
control of ICP during ETS.

A brief review of cerebral

physiology will· be followed by articles studying the effect
of ETS on ICP, and the .use of hyperventilation or anesthetic
agents as a means of controlling ICP increases associated
with ETS.
Increased Intracranial Pressure
The adult skull can be compared to a rigid, nondistensible box.

There are. three functional compartments in

the skull - the brain, occupying approximately 80% of the
space; the intravascular blood, occupying approximately 10%;
and the cerebrospinal fluid (CSF)·, occupying the remaining
10%.

Because the rigid skull has a fixed capacity,

maintaining a normal

pr~ssure

each of the compartments.

depends upon the volume of

In effect, if one of the

compartments increases in volume, another must decrease to
keep the intracranial pressure within normal limits (Rockoff

& Kennedy, 1988).
7 .

8

Anything that increases brain mass, intravascular blood
volume, or cerebrospinal fluid can potentially lead to
increases in ICP, depending on the patient's compliance.
Coughing increases intrathoracic pressure, thus impeding
venous return, which will increase intravascular blood
volume.

Cerebrospinal fluid responds to increases in

pressure by shifting to the spinal subarachnoid space
(SSAS), by decreasing production or increasing resorption.
If CSF pathways are obstructed by brain edema or brain
shift, translocation of fluid to the SSAS can not take place
and compliance is lessened (Jennett & Teasdale, 1981).
Compensatory mechanisms function.to limit ICP and maintain
cerebral perfusion.

When these compensatory mechanisms are

exhausted, ICP rises, cerebral perfusion is decreased, and
ischemia ensues (Kruse, 1986).
ICP monitoring is employed as a means of recognizing
elevated ICP in head-injured patients.

Intracranial

pressure fluctuates normally with blood pressure,
respiratory pattern, and activity.

Changes in ICP can be

measured clinically via a cannula placed into the
subarachnoid space or ventricle and connected to a pressure
transducer.

The mechanical signal sensed by the transducer

is then converted to an electronic signal which is depicted

9

as a waveform on the monitor.

The nurse caring for the

patient is responsible for monitoring the ICP waveform for
abnormal fluctuations.
1989).

Normal ICP is 4-14 torr (Mitchell,

Rapper (1985) considers 15 torr the reasonable upper

limit of normal for study·purposes.
Cerebral perfusion pressure (CPP) is an additional
physiologic parameter that is monitored in patients with
increased ICP: CPP is equal to tha pressure gradient between
the incoming mean arterial pressure (MAP) and the existing
intracranial pressure (CPP
1986).

=

MAP - ICP) (Raimond & Taylor,

A CPP of 80-100 mm Hg is considered normal.

At 50

mm Hg, the brain receives a minimally adequate blood supply,
and at 30 mm Hg irreversible brain hypoxia may occur
(Hickey., 1981).

CPP can be reduced by increases in ICP or

decreases in MAP.
cerebral vessels respond to changes in arterial
blood gases.

Hypercarbia and hypoxia will both result in

vasodilation, but the vessels are far more sensitive to
changes in the partial pressure of arterial carbon dioxide
(PaCO,) than in the partial pressure of arterial oxygen
(PaO,).

Hypercarbia causes cerebral arteriolar vasodilation

that in turn increases cerebral blood flow, contributing to
increased ICP.

When PaCO, is dropped to subnormal levels,

10

vasoconstriction occurs and ICP decreases.

When PaC02 is

dropped from 40 to 20 torr, cerebral blood flow (CBF) is
reduced by 40%.

In theory, extreme hypocarbia could produce

vasoconstriction severe enough to result in cerebral
ischemia, but the research in this area is inconclusive
(Rockoff & Kennedy, 1988; Ropper & Rockoff, 1988).

If

changes in PaC02 and changes in blood pressure no longer
elicit compensatory mechanisms, a state of vasomotor
paralysis is said to exist (Rockoff & Kennedy, 1988;
Mitchell, 1989).
Endotracheal Suctioning
Endotracheal suctioning is the mechanical aspiration of
secretions from the tracheobronchial tree (Shapiro,
Harrison, Kacmarek & Cane, 1985).

It is widely accepted

that ETS increases ICP (Boortz-Marx, 1987; Synder, 1983;
Mitchell & Mauss, 1978; Shalit & Umansky, 1977), but the
specific mechanism effecting this response has not been
elucidated in the research literature.
Fisher, Frewen, and Swedlow (1982) examined the
contributions of tracheal stimulation arid changes in PaC02
to ICP changes during ETS.

Each of their nine subjects were

studied twice, once with and once without suctioning.
protocol included two minutes of hyperoxygenation (FIO,

The
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1.00), followed by one minute of hyperventilation (rate
increased by 0.25).

The patient was then disconnected from

the ventilator for 30 seconds.

In one trial, the patient

was suctioned; in the· other, no ETS was performed.

Finally

the patient was reconnected to the ventilator for another 60
seconds of the increased rate -and FI021 before being
returned to preprotocol settings.

No change in ICP or blood

pressure (BP), and no coughing or straining were observed
during the nonsuctioning trial.

They concluded that the

increases in ICP associated with ETS were due to tracheal
stimulation rather than an increase in Paco••

In Fanconi and Due's (1987) research of 28 critically
ill preterm·infants, using each.baby as his or her-own
control, ICP, BP, transcutaneous P0 2 and PC02 were compared
before, during, and after ETS, with and without muscle
paralysis.

When the patients were paralyzed, there was a

small but significant increase .in ICP with suctioning (from
X 13.7 ± 4.4

mm

Hg to X 15.8 ± 5.2 mm Hg).

There was a

statistically significant larger (n < .001) increase when
the patients were not paralyzed (from x 12.5 ± 3.6 mm Hg to

X 28.5

± 8.3 mm Hg).

T~ere

were no statistically significant

differences in transcutaneous PC02 and P02 values before,
during, and after suctioning in paralyzed and nonparalyzed

12

patients.

The lack of difference in transcutaneous PC02

values between the two groups would seem to support the
cough mechanism as the causative factor of ICP increases
with ETS in their study.
Durand, Sangha, Cabal, Hoppenbrouwers, and Hodgman
(1989) studied the effects of ETS on ICP, BP, CPP, and
transcutaneous P02 and PC02 •

Their subjects., 15

nonparalyzed preterm infants, all had statistically
significant increases in ICP, BP, and CPP when suctioned.
Changes in transcutaneous P02 and PC02 were not
statistically significant.

The authors concluded that the

increases in ICP, BP, and CPP appeared to be independent of
changes in oxygenation and ventilation.

They attribute ICP

increases to tracheal stimulation and increased
intrathoracic pressure, which impedes venous return during
suctioning.
Hyperventilation
The physiologic definition of hyperventilation is
ventilation in excess of metabolic needs.

It's presence

must be determined by arterial blood gas (ABG) analysis, and
is indicated by a PaC0 2 of less than 35 mm Hg (Scanlon,
1990).

Hypocarbia causes cerebral vasoconstriction and thus

reduces ICP.

Hyperventilation, combined with

13
hyperoxygenation, is.the traditional ETS pretreatment for
preventing hypoxemia and hypercarbia.
Chulay (1988) studied the effects of hyperinflation
(1.5 x

VT)

and hyperoxygenation (FIO, 1.00) on pre-, intra-,

and post-ETS PaO, and PaCO, levels in 32 post-coronary
artery bypass graft (CABG) patients.

Pretreatment was

administered with a manual resuscitator over 30 seconds,
followed by 10 seconds of intermittent ETS.

Subjects then

received another five hyperinflated/hyperoxygenated breaths,
followed by another 10 seconds of suctioning before being
reconnected to the ventilator.

The total time for this

suctioning episode was two minutes, during which the patient
was disconnected and reconnected to. FIO, sources four times.
The Pao. levels increased with pretreatment and remained
above baseline levels throughout the sampling period.

Paco,

levels increased significantly despite pretreatment (from
36.8 ± 0.8 mm Hg to 39.5 ± l..O mm Hg).

While Chulay says

these changes were not clinically significant to her sample,
she suggests that they may be significant in head-injured
patients where the rise in Paco, and subsequent rise in ICP
are potentially damaging.
In a study of 20 head-injured patients, Parsons and
Shogun (1984) evaluated the effects of ETS and manual
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hyperventilation on BP, ICP, and CPP.

The patients were

alternately hyperventilated with a manual resuscitator at
FIO. 1. oo for 20-30 seconds and suctioned for 10 seconds for
a total of five hyperventilation and four suctioning
episodes·.

During this period the subject was disconnected

and reconnected to oxygen sources six times.

After each

hyperventilation and subsequent ETS, there was a
statistically significant

(~ ~

0.05) increase in ICP.

Arterial blood gas analyses were not done, so these ICP
increases cannot be directly attributed to PaC0 2 increases·.
The authors identify a rise in central venous pressure
caused by stimulation of the cough reflex as a precipitating
factor for the increases in ICP in their findings.
In research to determine which method of
preoxygenation--manual resuscitation bag (MRB) versus
ventilator--would produce lesser changes in MAP, ABGs, and
peak airway pressures, Preusser et al. (1988) studied ten
post-CABG .patients.

Three lung inflations at FI02 1. 00 were

delivered via ventilator or MRS, followed by 10 seconds of
continuous ETS.

This sequence was repeated three times.

The MRB caused a greater increase in PaC02
the ventilator.

(~

= 0.019)

than

The MRB also increased peak airway pressure

nearly twice as high as the ventilator.

It is possible that
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this·increase in airway pressure could increase
intrathoracic pressure.

As ·both increases ·in Pace. and in

intrathoracic pressure are factors that can precipitate
·increi;J.ses in -ICP, these findings are clinically significant
to those caring_.for head-injured patients with low
compliance.
Lidocaine
several pharmacologic protocols ·for attenuating ICP
·increases due to ETS have been tested,

Donegan and Bedford

(1980) compared intravenous lidocaine with a normal saline

placebo, in combination with manual hyperVentilation (MH).
Lidocaine plus MH produced a significant decrease in
baseline ICP, a result not seen with intravenous saline and

MH.

suction

cathete~

size, negative pressure, or duration

were not defined in this study.
White, et al. (1982) studied several IV agents and
intratracheal lidocaine, without employing hyperventil.ation.
None of. the IV agents (saline 1 fentanyl 1 .pentothal,
lidocaine) prevented significant increases in ICP after ETS.
Intratracheal lidocaine was effective in suppressing the
cough reflex and attenuating ICP increases with ETS 1 but the
instillation of it produced coughing which raised-baseline
ICP.

This study used hyperoxygenation via the ventilator as
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a pretreatment--no increase in rate or volume.
is described as "standardized."

Suctioning

As arterial blood gases

were not drawn, the effects on PaC0 2 and Pao, are unknown.
Yano, et al. (1986) compared the effects of IV and
intratracheal lidocaine on the increased ICP caused by ETS.
In their study of nine head-injured patients, they found
that while neither route lowered baseline ICP, both
suppressed ICP elevation caused by suctioning.
Intratracheal lidocaine, injected into the trachea through a
fine catheter, was significantly more effective than IV
lidocaine •
. In their research, Gove, Wiggins, and Stableforth
(1980) compared intratracheal lignocaine with aerosolized
lignocaine via face mask as topical anesthetics for fiber
optic bronchoscopy.

Nebulization eliminated the coughing

that direct intratracheal application caused.

They

concluded that the two routes produced similar anesthesia,
but recommended that aerosolized lignocaine be used
routinely for fiber optic bronchoscopy.
Venus et al. (1984) compared aerosolized lidocaine (6
ml, 4%) and normal saline placebo effects during
laryngoscopy and intubation.

statistically significant

differences were found, with the lidocaine group maintaining
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lower blood pressure and heart rate during the procedure.
No coughing was noted during treatment

adm~nistration.

The

authors concluded that aerosolized lidocaine was safe and
effective.

They suggested that it may offer particular

benefit for patients with intracranial pathology.
Cross, et al. (1976) studied the effects of bupivacaine
aerosol on the respiratory reflexes of normal and
tracheotomized subjects.

The cough reflex was completely

abolished; tactile stimulation of the trachea with a suction
catheter produced no response.

The authors did caution

against the routine use of aerosolized anesthesia in
patients with reactive airway disease such as asthma--airway
resistance increased in this group.

Other authors (Gal,

1980; Weiss & Patwardhan, 1977) offer similar results and
precautions.
summary
Endotracheal suctioning is associated with significant
and possibly pathologic increases in ICP.

Hyperventilation,

the reduction of PaC02 to less than normal levels, lowers
ICP, but does not prevent the increases resulting from ETS.
Lidocaine, an amide-type local anesthetic, has been
administered
aerosol.

intr~venously,

intratracheally, and as an

Intratracheal lidocaine was more effective than
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the intravenous route in preventing ICP increases from ETS,
but administration produced coughing, which raised baseline
levels.
cough.

Aerosolized lidocaine produced minimal, if any,
The specific effect of aerosolized lidocaine on ICP

increases during ETS has not been investigated.
study was designed to provide that information.

The present

Chapter III:

THEORETICAL FRAMEWORK

General Adaptation Syndrome
The General Adaptation syndrome (GAS) provides a
framework for observing the body's response to stress.
Selye first described the GAS in 1936.

He defined stress as

the."nonspecific response of the body to any demand."
(Selye, 1976, p. 13).

These demands, or stressors, can be

physical, psychological, or psychosocial in nature
(Asterita, 1985).

In a stress state, the body's resources

are mobilized to counteract the stressors.

This ability to

mobilize and maintain appropriate and adequate resources is
directly related.to the resulting health state (Erickson &
Swain, 1982).
The Alarm Stage, or initial phase of the GAS, has been
defined as "all biological phenomena elicited by sudden
exposure to stimuli to which ·the organism is, quantitatively
or qualitatively, not adapted." (Selye, 1976, p. 16).
Internal stimuli trigger the Alarm Stage either by a
cognitive state, or an internal physical sensation.
19.

20
External stimuli must be received by sensory receptors of
the peripheral nervous system (Asterita, 1985).

Sensory or

psychological input is processed locally and forwarded to
the central nervous system.

The hypothalamus, committed to

homeostasis, initiates three major responses.
sympa~hetic

Through the

nervous system comes the release of epinephrine

arid norepinephrine, which in turn cause vasoconstriction,
increased blood pressure, and increased rate, and
contractility of the myocardium (Bulloch, 1984).

Through

the anterior pituitary comes an increased secretion of
adrenocorticotropin hormone (ACTH), which stimulates release
of cortisol.

cortisol, by potentiating the actions of

glucagon, increases blood glucose.

Increased cortisol

levels also alter the immune and inflammatory responses.
Finally, through the posterior pituitary, comes the release
of vasopressin/antidiuretic hormone (ADH), which results in
water and sodium retention (Lindsey & carrieri, 1986).

The

Alarm stage can last from a few minutes up to 20 hours.
When a second stressor occurs during this phase, the body
has reduced resources for adapting to either stressor
(Erickson & Swain, 1982).
The Stage of Resistance is the body's attempt to
maintain homeostasis in the presence of the stressor which
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triggered the alarm reaction (Asterita, 1985).

This stage

continues as long as the stressor continues, or until the
body resources are depleted.

During this phase blood sugar

and serum cortisol levels are increased, the inflammatory
response stabilizes, and immunosuppression occurs (Bullock &
Rosendahl, 1984).

This phase ends in either the removal of

the stressor, or exhaustion.
Exhaustion occurs when the stressors continue longer
than the body reserves.

The high cortisol levels begin to

produce marked effects on the body systems; ulcers, lowered
resistance to infection, and shock begin to appear
(Asterita, 1985).

Unless the body's resources are

replenished, or the stressor is removed, disease or death
follows (Erickson & Swain, 1982).
Application to this study
The theoretical framework for this study identifies
endotracheal suctioning as the stressor triggering the Alarm
Stage (Appendices A and B).

This is made more significant

by the presence of at least two pre-existing stressors--head
injury with decreased compliance and mechanical ventilation.
The mechanical stimulation of the rapid-acting irritant
receptors by a suction catheter in the tracheobronchial tree
triggers the cough reflex.

This corresponds with the Alarm
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Stage of GAS.

Coughing increases intrathoracic pressure,

thus impeding venous return, which will increase
intracranial pressure.

This increase in intracranial

pressure in head-injured patie.nts has been identified as a
possible cause of further brain tissue damage.
The Stage of Resistance is characterized by the
mobilization of specific defense mechanisms as the body
attempts to regain homeostasis (Murphy & Pyeritz, 1986).
While the cough reflex is not a maladaptive defense
mechanism, the effects of this reflex can have detrimental
effects on head-injured patients.

This stage continues as

long as. exposure to the noxious agent continues, or until
the energy resources of the body are exhausted.

Maintaining

a patent airway by endotracheal suctioning (ETS) is
mandatory in the nursing management of mechanically
ventilated head injury patients.
continuation of the stressor--ETS.

This assures a
Adaptation is not

possible without exogenous intervention.

This research

study proposes three alternative means of limiting ICP
increases associated with ETS, and seeks to identify the
most effective.
Exhaustion follows the Stage of Resistance if the
stressors continue longer than the body reserves.

since
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endotracheal suctioning is a stressor that will occur
repeatedly during the existing stress states of being headinjured and mechanically ventilated, an intervention is
sought in this study that will attenuate the cough reflex
and ameliorate the ICP increases associated with ETS.

The

cough reflex is not universally accepted as the sole cause
of increases in ICP associated with ETS.

For the purpose of

this study, tracheal stimulation and hypercarbia will be
considered responsible for the ICP response to ETS.

It is

hoped that by anesthetizing the tracheobronchial tree with
aerosolized lidocaine, the alarm reaction to ETS can be, if
not eliminated, limited.

Reducing the physiological demands

associated with ETS should enhance the patient's recovery.

Chapter IV:

METHODOLOGY

This chapter contaiJ1s a description of the research
design, research setting, subject selection, protection of
subjects, procedure for data collection, methods, and data
analysis.
Research Design
An experimental design was used to compare three

methods of attenuating increases in intracranial pressure
associated with endotracheal suctioning.

The design

employed was a repeated measures, within-subject, randomized
block factorial design as illustrated in Table I.
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~able

I

~peated

Measures, Within-Subject, Randomized Block Factorial Design

Trial
;roup A ( n=2 )
;roup B ( n=J )
;roup

c (n=2)

X, X1

X,

-

Trial 2

1

0102'! •• 06

X,

0102 • •• 06

x3

0102 • •• 06

X1

-

Trial 3

0102 ••• o.

x3

-

0102 ••• o.

0102 . .• 06

x1

-

0102 • •• 06

0102 . .• 06

X, - .010, ••• o.

X1 = Hyperventilation
X, = Intravenous lidocaine
X, = Aerosolized lidocaine

The independent variables were hyperventilation,
administration of intravenous lidocaine, and administration
of aerosolized lidocaine.

The primary dependent variable

was intracranial pressure.
Research Setting
The site of the study was a major state medical
teaching complex, of

appro~imately

southeastern United States.

600 beds, in the

The study was conducted in four

critical care units of this hospital.
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Subject Selection
A convenience sample of eleven subjects meeting the
selection criteria was· obtained from the participating
critical care units.

Subjects who were eligible for

inclusion in the study were those:
1)

with a diagnosis of increased intracranial
pressure.

2)

with an in-situ cannula for intracranial pressure
monitoring (subarachnoid bolt ·or ventriculostomy).

3)

intubated with an endotracheal or tracheostomy
tube.

4)

ventilated with a volume-controlled ventilator.

5)

with an arterial cannula.

Excluded from th·e study were -subjects with:
1)

atrioventricular heart blocks.

2)

profound hypotension, defined as a systolic blood
pressure of less than 80 mm Hg.

3)

positive end-expiratory pressure > 10 em H.o.

4)

history of asthma.

5)

history of hypersensitivity to amide local
anesthesia.

6)

concurrent liver disease.
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As subjects accrued, they were consecutively assigned
to one of three groups.

Each group consisted of a different

sequence of the three treatments.

Every subject received

all three treatments.
Protection of Human Subjects
The research proposal was approved by the institutional
Human Assurance Committee. Due to the debilitating nature of
the subjects' ·conditions_ and the increased intracranial
pressure which resulted from these conditions, none of the
subjects were able to sign for themselves; consequently,
informed consent was obtained from the guardians in the
presence of a disinterested third party (Appendix C).
confidentiality was assured in the following manner:
subjects were assigned a code number for use on data
collection sheets.

All original data such as monitor

recordings identifying the patient by name were kept in a
secure place where only the researcher had access to them.
Procedure
subjects were carefully screened for exclusion criteria
prior to entry into the study (Appendix D).

If the subject

met all of the inclusion criteria and none of the exclusion
criteria, they were consecutively entered into one of three
groups.

The subject's attending physician was consulted and
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verbal consent was obtained for study participation.

The

subject's nurse was informed so that nursing· activities
known to influence intracranial pressure, such as flexion or
rotation of the neck, bathing, turning or manipulation of
tubes, would be avoided during the 45 minute data collection
period.
Subjects were placed in the supine position, and
instruments were zeroed and calibrated according to
manufacturer's specifications.

Baseline measurements of

arterial blood pressure, heart rate, respiratory rate, endtidal C02 , arterial blood gases, intracranial pressure, and
serum lidocaine levels-were made.
The order of treatment was varied according to the
subject's group assignment, as illustrated in Table I.
Subjects in Group A received hyperventilation as the first
treatment, followed by intravenous lidocaine and aerosolized
lidocaine.

Subjects in Group B received intravenous

lidocaine as the first treatment, followed by aerosolized
lidocaine and hyperventilation.

Subjects in Group C

received aerosolized lidocaine as the first treatment,
followed by hyperventilation and intravenous lidocaine.
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Treatments
Hyperventilation.

HyPerventilation was accomplished by

increasing minute ventilation by 35% for a period of one
minute or until ICP decreased 10% from baseline levels, or
until end-tidal C02 decreased 10% from baseline levels.
Minute ventilation was defined as the product of respiratory
rate and tidal volume.
Intravenous lidocaine.

Intravenous lidocaine was given

as a bolus injection of a 2% solution at a dosage of 1.5
mgjkg.

The rate of administration was 50 mg/min.

Aerosolized lidocaine.

Lidocaine was aerosolized via a

gas-powered jet nebulizer using an oxygen blender (BirdOMNI® model) to provide the subjects' maintenance FIO,.

The

nebulizer was placed into the breathing circuit immediately
after the in-line suction catheter in order to minimize dead
space and loss of agent.

Dosage was 5 mgjkg (not to exceed

500 mg).

To minimize hypoxemia associated with suctioning, all
patients were preoxygenated prior to suctioning with a FIO,
of 1.0 for five breaths at their maintenance rate.
suctioning was performed with a closed tracheal suction
system (Ballard, model #215 or 220).

This technique was

chosen because it avoids breaks in the ventilatory circuit
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during suctioning that may adversely affect oxygenation and
acid-base balance.
employed.

No lavage prior to suctioning was

Negative pressure (Ohmeda® continuous flow vacuum

regulator) was set by clamping the connecting tubing and
adjusting the gauge to -so mm Hg.

The suction catheter was

passed one time using a 14 French suction catheter, or one
less than or equal to 1/2 the internal surface area of the
endotracheal tube.

(When the radius of the suction catheter

is expressed in French units and the radius of the
endotracheal tube is expressed in millimeters, twice the
area of the suction catheter is approximately equal to the
area of the endotracheal tube [Tiffin, Keim, & Frewen,
1990]).

The suction catheter was inserted until obstruction

was met, and then, with continuous suction, the catheter was
slowly withdrawn so as not to exceed 10 seconds in duration
for the entire pass.

one pass lasting 10 seconds is

generally adequate in this patient population to clear the
airway of secretions.

If additional suctioning was

necessary during the data collection period, sampling was
discontinued and the data discarded.

A minimum of 30

minutes was allowed between suctioning trials.
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Techniques for Data Collection
Physiologic data collected included heart rate (HR),
systolic blood pressure (SBP), diastolic blood pressure
(DBP), and intracranial pressure.

All ratio-level data was

collected with properly calibrated electronic
instrumentation, thus minimizing human rater effects.

Mean

arterial pressure (MAP) was calculated as ((SBP-DBP)/3) +
DBP; cerebral perfusion pressure.was calculated as MAPICP.
Arterial blood pressures were obtained by direct
measurement using a cannula placed in the radial or femoral
artery, connected via a Sorenson TRANSPAC® disposable
transducer (model #42585-01) to a bedside patient monitor
(Hewlett-Packard #78553A or Mennen Horizon #2100/2200).

The

zero reference point was established at the 4th intercostal
space, mid-axillary line, prior to calibrating the
transducer.

This point, established in the literature as

heart level, was chosen as the placement standard for the
pressure transducer because it is unaffected by changes in
subject position.
Intracranial pressure was obtained by cannulation of
the subarachnoid space (Richmond bolt) or the ventricle
(ventriculostomy), connected via a Sorenson TRANSPAc®
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disposable transducer to the same bedside monitor used to
record arterial pressures.

The zero reference point for the

ICP transducer was the patient's Foramen of Monro, 1 em
posterior to the rim of the orbit.
Heart rate was obtained by the placement of electrodes
connected to the·bedside monitor used for pressure
recordings.

Heart rate was sampled by sensing the R wave of

each oscilloscopic waveform in lead II or MCL1 •
Laboratory data collected included arterial blood gases
and serum lidocaine levels (SLLs), drawn from the arterial
line at specified intervals.

Blood samples of 0.5 cc per

ABG were drawn for baseline data, immediately after the
treatment but prior to suctioning, and following the
treatment at 5 seconds, 30 seconds, 5 minutes, and 30
minutes.

A Cebia-corning pH/Blood Gas Analyzer (model #

170) was used.

Reliability for pH is ±.003 units, for p02

is ±2.0 mm Hg, for pC02 is ±.4 mm Hg, and for oxygen
saturation is ±3%

Blood samples of 2 cc were drawn from the

arterial line for analysis of lidocaine levels 15 minutes
after receiving lidocaine and again just prior to receiving
the next treatment.

Samples were drawn 15 minutes after

administration of lidocaine to establish peak serum levels
of lidocaine administered by intravenous and aerosolized
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routes.

Analysis of blood levels immediately before the

following treatment allowed the investigator to establish if
there was any residual, contaminating effect of lidocaine
which might carry over into the next treatment.

Each

subject had a total of 18 ABGs and 4 SLLs drawn,
representing a total blood loss of 17 co, which would have a
negligible impact on oxygen-carrying capacity of the blood.
End-tidal

co. was measured within the ventilatory

circuit with an in-line probe connected to an Engstrom
Analyzer (Eliza model).

co.

Calibration was performed with a

calibrated sample of 5% C0 2 according to the manufacturer's
specification.

The reported accuracy and precision of this

model is ±0.1% C0 2 plus 2% of the reading.
Data Analysis
Data were interpreted by repeated measures analysis of
variance (ANOVA), with significance set at

n

< .05.

Demographic data were analyzed with descriptive statistics.

Chapter V:

FINDINGS

Demographics
The sample consisted of six males and one female,
ranging in age from 20 to 52 years.

Five subjects were

victims of motor vehicle accidents, one had a pineal tumor,
and one had a cerebral vascular accident.

The subjects were

studied from two to seven days post surgery.

Five of the

seven were being regularly medicated with morphine sulfate
or diazepam.

ICP was· measured via a subarachnoid bolt in

three patients, and via a ventricular catheter in four.
Eleven subjects were enrolled in the study, but four of
these were unable to complete all three treatments.
Attrition was due to changes in ventilator settings or
instability of the patient's condition.

Data analysis (N

11) was compared with analysis of complete sets (n
The findings were

similar~

=

7).

results are reported below for

the seven subjects with complete data sets.
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Intracranial and vascular Pressures
Data was analyzed using analysis of variance with
repeated measures (ANOVA).

No statistically significant

difference in ICP, CPP, or MAP were found in the three
treatment groups (see Tables II-IV).

Mean values and

standard deviations for ICP, CPP, MAP, SBP, and DBP are
presented in Tables v, VI, and Figures 1-3.

As

illustrated

in Figure 1, ICP increased from pre-ETS to post-ETS in the
intravenous lidocaine group by 32% and by 53% in the
hyperventilation group.
increased by only 3.5%

The aerosolized lidocaine group
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Table II
Intracranial Pressure

ANOVA:

Source of
Variation

sum of
Squares

Subjects

3802.19

6

633.70

98.68

2

49,34

Error (Tx)

401.43

12

33.45

Time

199 .as·

5

39.97

Error (Time)

476.76

30

15.89

Tx x Time

146.75

10

14,67

Error (Tx x Time)

950.48

60

15.84

6076.14

125

Treatments (TX)

Total

d.f.

Mean
Square

F-ratio

sig. level

1.47

.267

2.52

.051

.93

.516

Table III
ANayA:

Cerebral Perfusion Pressure

Source of
Variation
Subjects

sum of
Squares

d.f.

Mean
square

16618.16

6

2769,69

448.76

2

224.38

2311.79

12

192.65

775.60

5

155.12

2397.46

30

79.92

405.14

10

-40.51

Error (TX x Time) 4724.30

60

78.74

Treatments (TX)
Error (Tx)
Time
Error (Time)
Tx x Time

Total

27681.21

125

F-ratio

Sig. level

1.16

.345

1.94

.117

.51

.873
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Table IV
ANOVA:

Mean Arterial Pressure

Source of
Variation

sum of
Squqres

Subjects

8494.49

6

1415.75

184.97

2

92.48

1811.37

12

150.95

982.63

5

196.53

3007.70

30

100.26

243.79

10

24.38

Error (Tx X Time) 4075.87

60

67.93

Treatments (TX)
Error (Tx)
Time
Error (Time)
Tx x Time

Total

18800.83

d.f.

125

Mean
Square

F-ratio

Sig. level

.61

.558

1.96

.114

.36

.959
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Table V
Influence of Hyperventilation, Intravenous Lidocaine, and
Aerosolized Lidocaine on Intracranial Pressure, Cerebral
Perfusion Pressure, and Mean Arterial Pressure during
Endotracheal Suctioning of seven Head-Injured Adults
Hyperventilation IV Lidocaine Aerosolized Lidocaine
Measurement and
Mean ± so
Mean ± so
Mean ± so
Time With Respect
·to Suctioning
Intracranial Pressure
(mm Hg)
baseline
16.6±6.7
pre-ETS
13.9±5.3
post-ETS
21. 3±9. 7
30 seconds
14.9±7.1
5 minutes
18.4±7.7
18.1±7.6
.30 minutes

15.7±6.2
14.3±6.3
18.9±12.4
16.1±9.6
15.4±5.1
15.9±4.0

19.3±7.7
17.4±7.4
18.0±5.7
18.1±5.7
18.3±5.4
18.1±5.6

Cerebral Perfusion
Pressure (mm Hg)
baseline
pre-ETS
post-ETS
30 seconds
5 minutes
30 minutes

96.0±12.8
97.1±9.2
97.9±18.9
97.0±12.5
94.4±10.4
92. 3±11. 0

88.9±13.7
90.0±13.5
96. 9±11. 2
96.4±13.4
89.0±8.9
90 .1±11. 4

111. 7±7 .1
111.4±4.3
116.7±13.1
113.1±6.1
109.9±6.5
108.1±7.8

108.1±8.9
107.4±10.1
114.9±12.3
114.6±10.4
107.3±5.6
108.3±7.1

89.4±12.9
95.7±15.9
92.9±27.2
95.1±28.5
85.1±16.0
91. 9±15. 4

Mean Arterial
Pressure (mm Hg)
baseline
106.0±8.6
109.6±11.7
pre-ETS
114.1±28.4
post-ETS
30 seconds
110.0±27.5
5 minutes
103.6±11.2
30 minutes
110.0±9.9
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Table VI
Influence of Hyperventilation, Intravenous Lidocaine, and
Aerosolized Lidocaine on systolic Blood Pressure, Diastolic
Blood Pressure, and Heart Rate during Endotracheal
suctioning of Seven Head-Injured Adults
Hyperventilation IV Lidocaine Aerosolized Lidocaine
Measurement and
__ Time With Respect
Mean ± so
Mean ± so
Mean ± so
to Suctioning
Systolic Blood
Pressure (mm Hg)
ba-seline
162.3±8.8
pre-ETS
165.4±10.3
post-ETS
168.7±39.4
30 seconds
165.1±39.8
5 minutes
164.3±10.1
30 minutes
],66.4±10.8
Diastolic Blood
Pressure (mm Hg)
baseline
pre-ETS
post-ETS
30 seconds
5 minutes
30 minutes
Heart Rate
(beats per min)
baseline
pre-ETS
post-ETS
-30 seconds
5 minutes
30 minutes

170.9±10.1
169.4±9.7
175.7±10.1
170.1±4.5
168.4±9.0
164.7±9.2

168.4±7.5
164.6±9.8
175.6±18.6
175.1±14.3
167.9±11.5
168.1±14.7

77. 9±11. 8
81. 6±13. 5
86.9±24.5
82.4±22.1
73.3±18.6
82.0±13.1

82.4±10.0
82.3±8.0
87.3±15.6
84.6±8.4
80.9±9.6
80.1±9.2

78.1±14.2
79.0±13.9
84.6±14.6
84.6±14.2
76. 9±11. 7
78.3±10.0

88.3±20.2
88.6±16.3
105.6±23.0
98.7±20.2
91. 9±18. 7
89.0±21.1

85.4±18.1
85.1±19.0
88.3±18.2
87.6±18.0
87.0±18.4
88.4±17.1

87 .1±21. 7
87.4±18.0
87. 0±21.1
88.1±22.4
85.7±22.8
84.9±20.3

....

Figure 1

Intracranial Pressure over Time.

Treatment with

hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygenation occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point

c.

The change in intracranial pressure over

time was not statistically different (12. < .05) for
the entire sample (N

=

7) or among groups.
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Figure 2

Cerebral Perfusion Pressure over Time.

Treatment

with hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygenation occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point c.

The change in cerebral perfusion pressure

over time was not statistically different (R < .05)
for the entire sample (N = 7) or among groups.
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Figure 3

Mean Arterial Pressure Over Time.

Treatment with

hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygenation occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point c.

The change in mean arterial pressure over

time was not statistically different (R < .05) for
the entire sample (N

=

7) or among groups.
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Arterial Blood Gases
There were statistically significant differences in the
arterial blood gases.

The treatment x time effect on pH had

a significance level of .001 {Il:::; .05).

The time effect and

treatment x time effect on Pao. showed significance levels
of ;OO and .036 respectively.

The treatment x time effect

on oxygen saturation.had a significance level of .018.
ANOVA for pH, PaC02 , and H2 CO, are presented in Tables VIIIX.

ANOVA for Pa02 and 0 2 saturation are presented in

Tables X and XI.

Mean values and standard deviations for

pH, PaC0 2 , and H2 CO, are presented in Table XII and Figures
4-6.

Mean values and standard deviations for Pa0 2 and o.

saturation are presented in Table XIII and Figures 7-8.
Heart Rate
There was a statistically significant time effect on
heart rate
Table XIV.

{D. =

.018.).

ANOVA for heart rate is presented in

Mean values and standard deviations for heart

rate are presented in Table VI and Figure 9.
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Table VII
ANOVA:

pH

Sum of
Squares

source of
Variation

d. f.

Mean
Square

Subjects

.13

6

.• 02

Treatments (TX)

.01

2

.00

Error (TX)

.02

12

.00

Time

.oo

5

.00

Error (Time)

.01

30

.00

Tx x Time·.

.01

10

.oo

Error (TX X Time)

.01

60

.00

Total

.19

125

F-ratio

Sig. level

1.40

.284

1.81

.142

3.50

.001

F-ratio

Sig. level

Table VIII
ANOVA:

Partial Pressure carbon Dioxide
Mean
Square

Source of
Variation

sum of
Squares

Subjects

2096.20

6

349.37

3.59

2

1.80

303.09

12

25.26

13.89

5

2.78

127.. 74

30

4.26

16.84

10

1.68

158.76

60

2.65

2720.10

125

Treatments (TX)
Error (TX)
Time
Error (Time)
TX X Time
Error (Tx x Time)
Total

d.f.

.07

.932

.65

.662

.64

.777
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Table IX
ANOVA:

Bicarb<mate

Source of
Variation

sum of
Squares

Subjects

d.f.

Mean
Square

764.31

6

127.39

4.33

2

2.17

97.95

12

8.16

L75

5

.35

Error (Time)

42.00

30

1.40

Tx x Time

10.57

10

1.06

Error (Tx x Time)

60.79

59

1.03

981.70

124

Treatments (TX)
Error (TX)
Time

Total

F-ratio

Sig. level

.27

• 77

.25

.94

1.03

.43

Table X
ANOVA:

Partial Pressure oxygen
Sum of
Squares

Source of
Variation
Subjects

d.f.

Mean
Square

206924.39

6

34487.40

Treatments (TX)

44072.31

2

22036.16

Error (Tx)

99347.38

12

8278.95

Time

718921.53

5

143784.31

Error (Time)

149105.70

30

4970.19

69213 .• 78

10

6921.38

Time) 195215.21

60

3253.59

1482800.30

125

Tx x Time
Error(Tx
Total

X

F-ratio

Sig. level

2.66

.110

28.93

.000

2.13

.036
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Table XI
ANQVA:

Oxygen Saturation

Source of
Variation

sum of
Squares

Subjects

147.73

5

29.55

Treatments (TX)

1.17

2

.59

Error (TX)

6.28

10

.63

Time

3.00

5

.60

Error (Time)

9.82

25

.39

Tx x Time

14.25

10

1.43

Error (Tx x Time)

29.01

50

.58

211.26

107

Total

d.f.

·Mean
Square

F-ratio

Sig. level

.93

.426

1.53

.217

2.46

.018
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Table XII
Influence of Hyperventilation, Intravenous Lidocaine, and
Aerosolized Lidocaine on Arterial pH, Partial Pressure of
carbon Dioxide, and Bicarbonate during Endotracheal
suctioning of Seven Head-Injured Adults
Measurement and
Hyperventilation IV Lidocaine Aerosolized Lidocaine
Time With Respect
Mean ± so
Mean ± SD
Mean ± SD
to suctioning
Arterial pH
baseline
pre-ETS
post-ETS
30 seconds
5 minutes
30 minutes

- 7.47±.04
7.49±.05
7.47±.04
7.48±.03
7.47±.03
7.48±.04

7.47±.03
7.47±.03
7.46±.04
7.48±.04
7.47±.03
7.48±.03

7.46±.05
7.49±.05
7.49±.05
7.49±.05
7.50±.05
7.50±.05

Partial Pressure of
carbon Dioxide (torr)
baseline
26.5±5.6
pre-ETS
26.0±4.2
post-ETS
27.5±4.6
30 seconds
26.1±3.8
5 minutes
26.4±3.1
30 minutes
26.4±5.2

. 27 .5±4. 5
26.6±5.2
26.9±4.6
27.3±4.4
26.8±4.6
25.9±4.2

27.6±5.8
26.3±6.1
26.3±5.1
26.2±5.3
26.3±5.7
26.4±6.4

Bicarbonate
(mmol/L)
baseline
pre-ETS
post-ETS ·
30 seconds
5 minutes
30 minutes

20.07±2.91
19.23±3.04
19.97±2.70
20.13±3.35
19.48±2.88
19.17±2.46

19.13±3.38
19.46±2.37
19.81±2.52
19.17±3.01
19.20±2.05
19.37±3.16

19.39±3.60
19.76±3.32
19.77±3.02
19.54±3.01
20.14±3.38
20.17±3.39
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Table XIII
Influence of Hyperventilation, Intravenous Lidocaine, and
Aerosolized Lidocaine on Partial Pressure of oxygen and
Oxygen Saturation during Endotracheal Suctioning of Seven
Head-Injured Adults
Measurement and
Hyperventilation IV Lidocaine Aerosolized Lidocaine
Time With Respect
Mean ± SD
Mean ± SD
Mean ± SD
to suctioning
Partial Pressure of
Oxygen (torr)
baseline
pre-ETS
post-ETS
30 seconds
5 minutes
30 minutes
oxygen Saturation
(torr)
baseline
pre-ETS
post-ETS
30 seconds
5 minutes
30 minutes

163.7±28.0
388.7±59.9
391. 3±53. 0
275.2±140.5
154.1±34.7
161. 9±30 .1

160.7±38.4
291.6±59.8
285.0±131.5
197.5±84.5
163.0±34.7
162.4±31.6

156.2±35.6
334.7±131.1
334.7±131.1
232.3±90.1
212.2±123.7
150.0±39.2

96.1±1.4
96. 4±1. 3
96.6±1.3
95.9±1.1
95. 6±1. 2
95.9±1.6

95.6±1.6
96.2±1.4
95. 7±1. 7
96.2±1.5
95.5±1.6
96.5±2.0

96.3±0.5
95.4±1.5
95.8±1.3
96.5±2.0
95. 8±1. 4
95.1±1.3

Figure 4

Arterial pH over Time.

Treatment with

hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygenation occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point C.

The treatment x time effect had a

significance level of .001 (R

~

.05).
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Figure 5

Partial Pressure of carbon Dioxide Over Time.
Treatment with hyperventilation, intravenous
lidocaine, or aerosolized lidocaine occurred at
point A.

Preoxygenation occurred at point B.

Ten

seconds of continuous endotracheal suctioning
occurred at point c.

The change in partial

pressure of carbon dioxide over time was not
statistically different
sample (N

=

(~

< .05) for the entire

7) or among groups.
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Figure 6

Bicarbonate over Time.

Treatment with

hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygentaion occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point c.

The change in bicarbonate over

time was not statistically different (R < .05) for
the entire sample (N

=

7) or among groups.
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Figure 7

Partial Pressure of Oxygen over Time.

Treatment

with hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygenation occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point C.

The time effect on Pa02 had a

significance level of .00 (R

~

.05).

The treatment

x time effect on Pa02 had a significance level of
.036.
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Figure 8

oxygen Saturation Over Time.

Treatment with

hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygenation occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point C.

The treatment x time effect on oxygen

saturation had a significance level .018 (R

~

.05).
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Table XIV
ANOVA:

Heart Rate

Source of
Variation

Sum of
Squares

Subjects

35014.05

6

5835.67

Treatments (TX)

1304.33

2

652.17

Error (Tx)

2611.67

12

217.64

808.74

5

161.75

Error (Time)

1492.43

30

49.75

Tx x Time

1041.86

10

104.19

Error (Tx x Time) 3162.14

60

52.70

Time

Total

45435.22

d.f.

125

Mean
Square

F-ratio

Sig. level

3.00

.088

3.25

.018

1.98

.052

Figure 9

Heart Rate Over Time.

Treatment with

hyperventilation, intravenous lidocaine, or
aerosolized lidocaine occurred at point A.
Preoxygenation occurred at point B.

Ten seconds of

continuous endotracheal suctioning occurred at
point c.

The time effect on heart rate had a

significance level of .018 (R

~

.05).
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Serum Lidocaine Levels
Serum lidocaine levels ranged from < 1.0 mcgjml to 3.1
mcgjml.

Therapeutic levels of lidocaine are from 2.0 to 5.0

mcgjml, toxic levels

are·~

7.0 mcgjml.

Two subjects, in the

intravenous lidocaine group, reached therapeutic levels of
2.4 and 3.1 mcgjml.

All other subjects, in either the

aerosolized or intravenous treatment groups, had
subtherapeutic lidocaine levels.

Mean lidocaine levels for

each treatment group are shown in Table XV.

Data from

additional subjects was available and used to calculate mean
values in the IV lidocaine group.

Table XV
Serum Lidocaine Levels for Treatment Groups
Measurement and
Hyperventilation IV Lidocaine Aerosolized Lidocaine
Time with Respect
Mean
Mean
Mean
to Suctioning
n = 7
n = 9
n = 7
Serum Lidocaine
Level (mcgjml)
baseline
15 minutes

<1.0
<1.0

<1.0
1.65

<1.0
<1.0

Chapter VI:

Discussion

Introduction
As illustrated in the theoretical model, endotracheal
suctioning is a stressor that has been associated with
increases in ICP.

Removal of the stressor--ETS--is

untenable in mechanically ventilated patients.

In head-

injured patients with low compliance the reflex rise in ICP
that occurs in response to ETS can have deleterious effects
on cerebral-perfusion.

This experimental study was

conducted to compare three interventions--hyperventilation,
intravenous lidocaine and aerosolized lidocaine--for their
effectiveness in limiting ICP increases associated with ETS.
Interpretation of the Findings
Intracranial and Vascular Pressures
The directional research hypothesis used to conduct
this study was rejected on the basis that analysis of the
three treatments revealed no statistically significant
differences in ICP.

While not statistically significant,

the differences in ICP increases among the-three treatment
66,
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groups may be clinically relevant (Figure 2).

The extent of

ICP increase was considerably less (3.5%) in the aerosolized
-lidocaine group than in the intravenous lidocaine (32%) or
hyperventilation (53%) groups.
was~

The duration of ICP increase

Jo·seconds in all 3 groups.

approached significance (R

=

The time effect on ICP

.051).

Changes in ICP with

suctioning is an expected response, especially in the
hyperventilation group, so this near-statistically
significant finding is not surprising.
Arterial Blood Gases
There was a. statistically significant treatment x time
effect (R

=

.001) on pH.

All six_pH measurements in all

three treatment groups remained

~

7.45.

Pao. varied with time (R =.000) and treatment x time (R

=

.036), but not treatment.

The large variation with time

may be explained by the experimental protocol, which called
for preoxygenation prior to suctioning, and the expected
changes in Pa02 associated with suctioning.

The treatment x

time effect on Pao. showed a significance level of .036.
All three treatments received preoxygenation with the
subsequent rise in Pa0 2 (Figure 5), but the hyperventilation
group showed the greatest increase.

The aerosolized

lidocaine was nebulized with an FI0 2 that approximated the
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patients' maintenance Fro., and with a flow rate of 10
L/min.

This flow augmented maintenance flow.

A patient

with an inspiratory time of 1.0 second. and a tidal volume of
700 cc may have received an additional tidal volume of 166
cc, a 24% increase, for as long as it took to nebulize the
lidocaine--usually 5 to 1·0 minutes.

Increasing ventilation

causes a drop in PaC0 2 and a resultant rise in Pao. (Gross &
Scanlon, 1990).

The aerosolized iidocaine group showed a

greater ·decrease in Paco. than did the hyp.erventi1ation
group.

This would appear to confirm that some degree of

hyperventilation did occur during the nebulization of the
lidocaine.
An increase in oxygen saturation might be anticipated
as the response to preoxygenation, and a desaturation
following ETS might also be expected in all three groups.
Parallel changes in 0 2 saturation did not occur.

The

treatment x time effect on 0 2 saturation had a significance
level of .018.

The three treatment groups were made up of

the same subjects, so the differences may be attributed to
the treatments themselves.

The aerosolized lidocaine group

desaturated initially, even with preoxygenation.

Two

possible explanations for this finding relate to how the
nebulizer was filled and potential bronchoconstriction.

The
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possibility exists that the chemical stimuli of lidocaine
caused a reflex bronchoconstriction.

The cough response to

water and saline aerosols can be prevented by topical
anesthetics, but the bronchoconstrictive response doesn't
change (Widdicombe, 1989).

With transient stimuli

(aerosolized lidocaine and ETS), the bronchoconstriction may
last a minute or more.

This explanation is not supported by

the fact that by 30 seconds post-ETS, the aerosolized
lidocaine oxygen saturation had risen above baseline levels.
The o, desaturation· in the aerosolized lidocaine group
occurring between 30 seconds and 30 minutes post-ETS looks
important, but the narrow band (95-97%) in which all these
changes take place must be noted.
Heart Rate
The time effect on heart rate had a significance level
of .018.

The heart rate increased 19% with suctioning in

the hyperventilation group, 4% in the intravenous lidocaine
group, and remained essentially unchanged in the aerosolized
lidocaine group.

These findings seem to support the

efficacy of lidocaine in blunting the tachycardia that
endotracheal suctioning may cause.
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Serum Lidocaine Levels
Serum lidocaine levels were measured
15 minutes after treatment.

and

p~etreatment

Only one subject reached a

therapeutic treatment level of 2.4 mcgjmL

This_measurement

occurred 15 minutes after an intravenous lidocaine
treatment.

The researcher-credits any lidocaine effect on

ICP to the topical anesthetic properties of the drug on the
trache_obronchial mucosa and not on circulating serum leve·ls.
Limitations
1.

The sample size for this study is small (N

=

consists of subjects from a single institution.

7) and
This

limits external validity.
2.

While activities known to increase ICP were

avoided, it was impossible to control the general
environment of a critical care -unit.

The research

design partially controls for this limitation, but some
subjects were exposed to m9re external stimuli than
others, thus threatening internal validity.
3.

When physicians orderE!d changes in ventilator

settings or the subjects condition deteriorated during
a treatment pr9tocol, the research was suspended.

Four

subjects were unable to complete all three treatments.·
This attrition.liinits external validity.
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4.

The hyperventilation group did not demonstrate as

great a decrease in Paco; as did the aerosolized
lidocaine group.

The increase in tidal volume with

nebulization may confound results and weaken internal
validity.
Implications fo;- Nursing Practice
Endotracheal suctioning is a chronically intermittent
source ..of stress to the mechanically ·ventilated, headinjured patient.

The presence of a suction catheter in the

tracheobronchial tree is a mechanical irritant that
stimulates the rapidly adapting receptors located in the
walls of the larger airways, thus triggering the cough
reflex.

During the physical changes associated with

coughing, intrathoracic pressures can·. reach" 300 mm Hg.
These pressures impede venous return from the cerebral
circulation and by increasing intracerebral blood volume,
increase ICP.

Ventilation compromised by airway secretions

and the suctioning process is reflected by an increase in
Paco,.

The rise in PaCO, causes vasodilation, which

increases cerebral blood_volume, and thus ICP.
The nurse caring for head-injured patients has a
responsibility to limit stressors known to increase ICP.
Endotracheal suctioning is one· such stressor.

It is not,
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however, a stressor that can be eliminated.
maintaining a patent airway is mandatory.

Clearly,
It follows that

if the stressor cannot be eliminated, ways to control the
effects of that stressor should be sought.
Hyperventilation, a common pre-ETS treatment, lowers PaC0 2 ,
thereby lowering ICP.

Lidocaine, with its

anesth~tic

effects, blocks· the cough reflex, and its subsequent rise in
ICP.

By incorporating these two interventions--

hyperventilation and lidocaine--the effects of the recurring
stressor--ETS--may be attenuated.

Selye's theory recognizes

the increased risks of continued stress.
patients are already in a stress state.

Head-injured
Endotracheal

suctioning is an essential ,measure to assure a patent
airway1 however, it represents a source of repetitive
stress.

By limiting the deleterious effects of ETS, the

nurse can protect the patient's physiological reserves, and
enhance the possibility of recovery.
Conclusions
Because of .the statistical nonsignificance, this study
does not support the use of intravenous lidocaine or
aerosolized lidocaine as more effective alternatives than
hyperventilation in limiting the extent and duration of
intracranial pressure increases associated with endotracheal
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auctioning.

statistical significance. is affected by small

sample size and. wide variability in results, both of which
were present in this study.

The absence of statistical

significance does not negate the clinical significance of
research findings.

The mean increase in ICP associated with

ETS was 32% in the intravenous lidocaine group and 53% in
the hyperventilation group.

Compare this with a 3.5% m!\lan

increase in the aerosolized lidociiine group.

This small ·

increase is reason enough to ·suspect that aerosolized
lidocaine is an effective treatment for ICP
associated with ETS.

increase!!~

Further research is warranted to

assess the potential benefits of aerosolized lidocaine alone·
and in conjunction with hyperventilation in the nursing care
of· patients with increased ICP.
Recommendations
Power analysis suggests that a sample size of 36 is,
needed to test the hypothesis with sufficient power to offer
valid conclusions.

Including other institutions and

researchers could increase sample size and enhance external
validity.
Filling the nebulizer involved

breaking the

ventilatory system immediately prior to the aerosolized
lidocaine treatments.

Using a nebulizer that does not
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require this disconnection for filling would have prevented
this break in the system and protected internal validity.
The use of the pressure support ventilatory mode is
becoming·increasingly common.
the present proposal.

It was not incorporated into

Its inclusion in future proposals

would increase sample availability.
Using a ventilator with nebulization capacity would
provide a means of maintaining the patient's tidal volume
during the aerosolization of the l-idocaine.

This would

prevent the inadvertent hyperventilation that can occur when
a blender is used.
The use of a metered dose inhaler would simplify and
shorten the time of administration of lidocaine.
comparison of the effects of aerosolized

A

~idocaine

versus

lidocaine via an inhaler may yield useful results.
A cough scale-would be useful in evaluating the ICP
results.

Coughing can increase ICP, but so can pain and

anxiety.

A cou(Jh scale would help identify the degree to

which coughing is responsible for the ICP increases
associated with ETS.
The duration of increases. in ICP were short, with a
return to baseline values within 30 seconds.

More frequent
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measures of ICP post-ETS would help identify the pattern of
ICP increases.
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ETS EFFECT ON ICP

STRESSOR

ALARM

ADAPTATION

I High

ETS
J:!reexisting
stressors
head injury
mechanical
ventilation

hypercarbia

vasodilation

tracheal
stimulation

cough reflex

Compliance

I
I

No increase
in ICP

I
I

EXHAUSTION

Increased
Cerebral
Intravascular
Blood Volume

I Low

Compliance

Increase
in ICP

"'
~
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NURSING INTERVENTIONS
AND ETS EFFECT ON ICP

NURSING
INTERVENTIONS
STRESSOR

ALARM
hypocarbia

HYPERVENTILATION IV LIDOCAINE
AEROSOLIZED
LIDOCAINE

r-

J

vasoconstriction

Co~plianceJ~

decreased
or same

systemic
anesthesia
ETS

High

ADAETATION
No increase
in ICP

limit cough
local
anesthesia

limit cough

Cerebral
Intravascular
Blood Volume
J

Low Compliance

~

OJ
(1\

APPENDIX C:
consent Form
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THE EFFECTS OF HYPERVENTILATION AND LIDOCAINE ON
INTRACRANIAL PRESSURE RESPONSE TO ENDOTRACHEAL SUCTIONING
Principal Investigator:

Barbara Brown, RN, CCRN, PhD

Clinical Investigators:

Joyce Billue, RN, EdD
Deborah Peeples, RN
Marshall Allen, M.D.

I have been asked to grant permission for my
spouse/adult child to participate in a research study of
intracranial pressure responses to endotracheal suctioning
in head-injured patients.

This study is designed to

evaluate three different methods to reduce increases in
intracranial .pressure associated with suctioning.
Suctioning, or the removal of secretions from the
windpipe, is a routine and necessary procedure performed
several times each day for patients with a tube inserted in
their windpipe to assist breathing.

suctioning is essential

to prevent obstruction of the air passage and to prevent
lung complications resulting from accumulated secretions.
Previous studies have documented that suctioning may
increase the pressure in the skull, referred to as
intracranial pressure.

This procedure increase, if.

excessive, can interfere with blood flow to the brain and
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can result in further injury.

Because head-injured patients

may have elevated intracranial pressures as a result of
their injury, it is important to control further increases
that may result from suctioning.
I understand that my spousejadult child is one of
approximately 30 patients to participate in this study.

I

understand that his or her participation involves random
assignment to one of three groups of patients who will
experience routine suct!oning.

Each of the groups will

receive the same three treatments prior to suctioning.
However, each group will receive the three treatments in a
different order.
1)

The three treatments are:

hyperventilation .(an increase in the volume of breaths
delivered to the patient by ventilator)

2)

the administration of a drug called lidocaine into the
intravenous line, and

3)

the administration of lidocaine into the breathing
circuit of the ventilator.
I understand that my spousejadult child will

participate in a minimum of three trials lasting 45 minutes
each; the maximum number of trials will be 15, distributed
over a period of two or three days.
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I' understand that prior to, during, and after each
suctioning trial, the patient's blood pressure, heart rate,
and intracranial pressure will be continuously monitored,
and samples of approximately 1/2 teaspoon of blood will be
obtained from the arterial line.
I understand that the lidocaine given to my
spouse/adult child may expose them to a minimal risk of
allergic reaction, constriction of air passages, or
neurological effects such as drowsiness, tremors, or
convulsions.

.In case. of any adverse effect or physical

injury resulting from this study, Dr. Marshall Allen or his
designee, will be immediately notified, and the patient will
receive medical treatment under his direction.

The Medical

College of Georgia does not assume any obligation to pay any
money or provide free medical care in case this study
results in any harm to my spousejadult child.
I understand that the possible benefits of the study
are satisfaction. through knowing that the participation of
my spousejadult child is helping to advance medical
knowledge, and possibly helping to improve the treatment of
people who might be injured in the future.
I understand that the researchers will review the
medical record of my spousejadult child to obtain
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information about medical diagnosis and treatment.

The

patient will not be personally identified in any publication
of the results of this study.
I understand this study will not interfere with the
usual treatment of increased intracranial pressure.
are nO·additional risks to my spousejadult child.

There
It will

not involve any cost to the patient, nor will I be paid for
his or her participation.

I voluntarily grant permission

for my spousejadult child to participate, and I may withdraw
the patient from the study now or at any time in the future
without penalty or loss of care of other benefits to which
the patient is otherwise entitled.

I understand that the

doctor may stop the patient's participation in the study for
scientific reasons or for his or her safety.

I understand

that I am to be informed if the study provides any new
information that might effect my decision to grant
permission for my spousejadult child to participate.
I have been offered a copy of this consent document,
and any questions that I might presently have concerning my
participation in this study have been answered to my
satisfaction.
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I understand that Barbara Brown, PhD, who can be
reached at (404) 721-3843 or (404) 556-3378, will answer any
further questions I may have at any time concerning this
study, the procedures, and any injuries that may appear to
be related to the research.

If I have any questions or

concerns about the rights of research subjects, I may
contact George Schuster, PhD, at (404) 721-2991.

Parent of Adult Child/Spouse
Signature

Date

Witness' Signature

Principal Investigator's
Signature

APPENDIX D:
Data Collection Instruments
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DEMOGRAPHICS
Patient Name ------------------ Age ______ Sex _____ Allergies ___________
Hospital Number

Physician

Admission Date ------------- Diagnosis ---------------------- Wt ----------

______ 0

AV block

______ systolic BP
______ PEEP
0

~

~

0 Hx amide local anesthesia
hypersensitivity

so mm Hg

l.O em H2 0

0

Concurrent liver disease

Consent signed

Hx asthma

ICP cannula - Type ---------------- Zeroed ______ Date inserted
ART line - Location -------------- Zeroed ______ Date inserted
Airway - Type ___________ size ________ Date established -----------------Ventilator - Type ---------------- FI02
Rate
suction - catheter size

Today's date
Group assignment

NOTES:

--------

VT ________ Mode

PEEP -----------Negative Pressure -----------------

Data gathered by
sequence of treatments -------------------------
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Date:
sequence:
TREATMENT ONE
ACTION -

TIME

EXPLANATION

1. ABG
Lido Level

1. 2,5 cc blood sample
baseline values

2. Hyperventilation

2. Minute ventilation
increased by 35%
a. One minute
b. At maintenance
FI02 and rate

3. Hyperoxygenation

3. FI02 1.00
breaths

X

5

a. At maintenance VT
and rate
4. ABG

4. 0.5 cc blood sample

5. ETS

5. one 10 second· pass
a. No lavage
b. 14 Fr or !:!
internal diameter
of the ET tube
c. 80 mm Hg suction
0 sec

6. 0.5 cc blood sample

30 sec

7. 0.5 cc blood sample

8. ABG

5 min

8. 0.5 cc blood sample

9. ABG

30 min

9. 0.5 cc blood sample

10. wait

30 min

10. Before beginning
next treatment

6. ABG

7. ABG
-

NOTES

96

Date:
Sequence:
TREATMENT TWO
ACTION

EXPLANATION

TIME

1. ABG

1. 2.5 cc blood sample

Lido Level

.baseline values

2. IV

2. 1.5 mg x

Lidocaine

=

kg
mgf_ _cc

a. 2% lidocaine
b. injection rate
50 mgjmin
3. Hyper-

3. FI0 2 1.00 x 5

oxygenation

breaths

a.

at maintenance
and rate

v.

4. ABG

4. 0.5 cc blood sample

5. ETS

5. One 10 second pass

a. No lavage
b. 14 Fr or ~
internal diameter
of the ET tube
c. 80 mm Hg suction
6. ABG

0 sec

6. 0.5 cc blood sample

7. ABG

30 sec

7. 0.5 cc blood sample

8. ABG

5 min

8. 0.5 cc blood sample

ABG

30 min

9. 0.5

10. Wait

30 min

10. Before beginning

9.

cc blood sample

next treatment

NOTES·
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Date:
sequence:
TREATMENT THREE
ACTION
1.

EXPLANATION

TIME

ABG
Lido Level

1.

2.5 cc blood sample
baseline values

2. 5.0 mg x

2.Aerosolized
Lidocaine

NOTES

=

a.

~

kg

mg dose
500 mg total

b. 4% Lidocaine
c. nebulized using
maintenance FI02
d. until nebulizer
empty
3. Hyperoxygenation

3. FI02 1. 00
breaths

X

5

a. at maintenance VT
and rate
4. 0.5 cc blood supply
at FI02 return to
maintenance level
prior to ETS

4. ABG

5. One 10 second pass

5. ETS

a. No lavage
b. 14 Fr or ~ internal
diameter of the ET
tube
c. 80 mm Hg continuous
suction
6. ABG

0 sec

6. 0.5 cc blood sample

7. ABG

30 sec

7. 0.5 cc blood sample

8. ABG

5 min

8. 0.5 ·CC blood sample

9. ABG

30 min

9. 0.5 cc blood sample

10. Wait

30 min

10. Before beginning
next treatment

'

