
UCSF
UC San Francisco Electronic Theses and Dissertations

Title
The effects of short-term discontinuation of positive end-expiratory pressure on 
arterial oxygen levels during trachael [sic] suctioning procedures and ventilator tubing 
changes

Permalink
https://escholarship.org/uc/item/4gw7q18t

Author
Schumann, Lorna,

Publication Date
1980
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4gw7q18t
https://escholarship.org
http://www.cdlib.org/


THE EFFECTS OF SHORT-TERM DISCONTINUATION OF POSITIVE END-EXPIRATORY PRESSURE
ON ARTERIAL OXYGEN LEWELS

-

DURING TRACHAEL SUCTIONING PROCEDURES AND VENTILATOR TUBING CHANGES

by

Lorna Schumann

THESIS

Submitted in partial satisfaction of the requirements for the degree of

MASTER OF SCIENCE

in

NURSING

in the

GRADUATE DIVISION

of the

UNIVERSITY OF CALIFORNIA

San Francisco

Approved: º
|

- -

º !. (~~
- - - - -

-

4& X. gº tº 4-12 .
Committee in Charge

Deposited in the Library, University of California, San Francisco

A. 2-2, (382- . . . . . . . º
Date University Librarian

Degree Conferred:
-

SEP 2 4 1980.



Acknowledgements

This investigator wishes to express appreciation to those

individuals who made this research possible.

Special thanks to the American Lung Association for funding

the research.

Many individuals contributed their time, knowledge, and support

in this study. A special thank you to my typist for her patience

in typing, proofing, and retyping this final manuscript. Thank

you to members of my thesis committee who gave of their time and

resources: Ellen Clarke, who provided extensive time, clinical

knowledge, and consistent support; Dr. Ginger Carriere, who provided

time and skill for editorial assistance; and Dr. Gibbe Parsons, who

provided enthusiasm to continue the project and contributed in making

the project possible by not charging for the many blood gases.

I would also like to thank the Blood Gas Lab and the Respiratory

Therapy Department for providing free blood gases and respiratory

equipment necessary for the research.

Finally, I would like to give special thanks to my husband, son,

and friends for their encouragement and patience that gave me the will

to complete the research I had begun.

ii





AESTRACT

Fifteen patients requiring mechanical ventilation With positive

end-expiratory pressure (PEEP) for acute respiratory failure were

Studied to determine if disconnection of PEEP for clinically neces

sary procedures of suctioning and ventilator tubing change significantly

decreased arterial oxygen (Pao2) levels. Removing PEEP has been shown
to cause a significant decrease in Pao2 values within one minute

(Kumar, et al., 1970; Sugerman, et al., 1972) and also a slow return

to control Paoz after PEEP was reinstituted (Kumar, et al., 1970;

Sugerman, et al., 1972).

An experimental pretest-posttest design with four independent

Variables and multiple posttesting was used with the sample of 15.

The four procedures consisted of suctioning and ventilator tubing

changes with and without the use of the Carden PEEP valve to determine

the effect of discontinuing PEEP on Paoz levels and if the Carden PEEP

valve would significantly change the decrease in Pao2 levels.

This study demonstrates that by using a standardized suctioning

technique and hyperinflating the patients lungs with 100% oxygen

before and after suctioning and during the period of ventilator tubing

change, the Paoz levels do not decrease below baseline levels at l, 5,

lj, or 30 minutes.

Arterial oxygen levels significantly increased at the one minute

intervals in Procedures I (ventilator tubing change without Carden PEEP

valve), II (ventilator tubing change with Carden PEEP valve), and IV
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(suctioning with Carden PEEP valve). The Paoz levels returned to

baseline or close to baseline at 5, 15, and 30 minutes.

To assess whether the PEEP valve resulted in a higher Paoz than

Would be expected without the valve during ventilator tubing change,

the change in Pao2 from baseline to l minute in Procedure I (no PEEP

valve) was compared to the change from baseline to l minute in Pro

cedure II (PEEP valve). Similar comparisons were made between base

line and 5, 15, and 30 minutes. The Carden PEEP valve resulted in a

significantly greater increase in Pao2 from baseline to l minute when

compared to not using the valve (P=0.013). No significant differences

were noted at 5, 15, or 30 minutes.

The value of the Carden PEEP valve during bagging and suctioning

(Procedures III and IV) was assessed in an identical manner. There was

a significantly greater increase in Paoz at 1 minute when the Carden

PEEP valve was used than when it was not (P=0.004). No benefit from

the Carden valve was noted at 5, 15, or 30 minutes.

This study demonstrates that as long as the period of disconnection

from the ventilator and PEEP is relatively short (range l minute to

l minute 37 seconds) and the patient's lungs are hyperinflated with

100% oxygen during the bagging period, the patient's Pao? levels are

protected.
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Chapter I

History of Positive End-Expiratory Pressure (PEEP

Continuous positive-pressure ventilation (CPPV) or positive

end-expiratory pressure (PEEP) was first introduced by Barach,

Martin, and Eckman in 1933 for the treatment of acute pulmonary

edema, but it was abandoned as a primary treatment modality with

the development of potent diuretics. In the early 1940's CPPV was

used for a short period with pilots flying at high altitudes, however,

because of its inability to decrease dyspnea, it was again discontinued

as a suitable treatment.

In 1967, Ashbaugh, Bigelow, Petty, and Levine described the use

of continuous PEEP for the treatment of acute interstitial edema.

Since that time PEEP has commonly been used for the treatment of

Acute Respiratory Failure (ARF) which is characterized by severe

hypoxemia with decreasing arterial partial pressure of oxygen (Paoz)

in spite of an increasing fraction of inspired oxygen (FIO2) (Petty &

Ashbaugh, 1971; Sugerman, Rogers, & Miller, 1972; Hopewell, 1979).

Problem Area and Controversy

Renewed interest in the use of PEEP came with the increasing

frequency and recognition of non-cardiogenic pulmonary edema, also

labeled Adult Respiratory Disease Syndrome (ARDS) (Kumar, Konrad,

Geffin, Aldredge, Laver, Lowenstein, & Pontoppidan, 1970; Sugerman,

Olofsson, Pollock, Agnew, Rogers, & Miller, 1972). The Department

of Health, Education and Welfare estimates that ljQ,000 patients





develop ARDS each year in the United States (Ashbaugh, l072). ARLS

is classified as an acute restrictive disease accompanied by diminish

ing functional residual capacity (FRC). It is one of the common causes

of respiratory failure. Although the etiology of ARDS is unknown, it

commonly follows a number of systemic insults including aspiration

pneumonia, septicemia, central nervous system injury, and shock

(Ashbaugh, et al., 1967).

PEEP in A3DS. The means by which PEEP relieves hypoxemia and

reduces intrapulmonary shunting is not well established, but is

thought to be related to an increase in FRC (McLoud, Barash, & Ravin,

1977). The FRC represents the volume of gas that remains in the

thorax at the end of a normal expiration. When the FRC is decreased,

alveoli collapse, lung compliance is decreased, and pulmonary shunting

is produced (Lutch & Murray, 1972). When alveoli are collapsed, a

greater opening pressure is required for re-expansion of the lung.

PEEP increases FRC by applying a constant positive distending

pressure across the walls of the airways and alveoli at the end of

expiration. The resultant opening of collapsed alveoli decreases

shunting, improves ventilation of gas - exchange units, and; therefore,

increases the Paoz. With the improvement in gas exchange, the FIO2

can be lowered to safer limits (60% FIO2 or less), thereby decreasing
the likelihood of oxygen toxicity (Kumar, et al., 1970). It is

thought that in some cases PEEP may act to conserve surfactant,

thereby preventing increases in alveolar surface forces (Hopewell, 1979).





Controversy exists as to the effects of temporary discontinuance

of PEEP necessary for certain nursing procedures, such as, endotracheal

suctioning, ventilator tubing changes, central venous pressure (CVP)

determinations, or transportation. Arterial PO2 may decrease abruptly
with removal of PEEP.

PEEP valve. Maintenance of PEEP during suctioning and other

procedures, that require removing the patient from the ventilator,

have brought about the development of PEEP valve devices that can

be used when the patient is off the ventilator. The device to be

used in this study was developed by Dr. E. Carden and will be described

in detail later. It is easily adapted to a self-inflating manual resus

citator bag.

Introduction of P.EP studies. Kumar, et al., (1970) while

researching the effects of PLEP on cardiac output and lung function

in 8 patients, found that Pao2 fell sharply within one minute after

patients were removed from PEEP (mean PEEP 13 cm H20). The inspired

oxygen was increased to 100 percent for 30 minutes prior to the study

and during the period of study (total 90 minutes). PEEP was removed

for 30 minutes, then reinstituted for the next 30 minute period.

During the 30 minute period PEEP was reinstituted, the Paoz rose

gradually to baseline values within a period of 20 to 30 minutes, the

greatest rise occurring in the first lo minutes. Individual levels

of PEEP applied to each patient were not reported (mean l9 cm H20),

making it difficult to assess individual responses to discontinuance

of PEEP. Patients' diagnoses and hemodynamic problems in this study

will be expanded on in the review of literature.





Similarly, Rogers, Sugerman, & Miller (1972) studied the

effects of application and removal of PEEP on PaoZ, FRC, and

alveolar-arterial oxygen gradient [(A-a)102] in 8 patients, car
diac output in 3 of these patients and CWP and wedge pressure

changes in one patient. These authors found "immediate rapid"

(data not reported) increases in Paoz after application of PEEP

(variable levels) that approached an early maximum in 15 to 25

minutes. Data was reported for only two cases showing that the

Pao2 rose from 79 and 160 mm Hg to 418 and 481 mm Hg respectively

with 15 cm H20 PEEP on an FIO2 of 96%. Each patient was main

tained on 0, 5, 10, 15, and 0 cm H20 PEEP for 15 minute intervals

(FIO2 ranged from 60 to 98%).

Similarly a "rapid" decrease in Paoz was seen when PEEP was

discontinued. The authors did not define the terms "immediate"

and "rapid", but did state that their findings were "similar"

(i.e. within one minute) to those of Kumar, et al., (1970). The

actual Pao2 values were not reported; therefore, one is not able

to define "sharp" decline.

This study does not answer some essential questions; namely,

when PEEP is applied, in what period of time does the Paoz increase?

After PEEP is applied and/or the level is increased, how long does

it take the Paoz to increase?

De Campo and Civetta (1979) studied the decrease in Pao?

following short-term (4 + 3.4 minutes) discontinuation of high-level

PEEP (22.2+ 1.7 cm H2O) in 9 patients with ARF. They examined





the length of time it took the Paoz to return to baseline following

reinstitution of PEEP. The patients were on mechanical ventilation

with intermittent mandatory ventilation (IMW) at a rate of 7 it 3.4

controlled breaths per minute with an FIO2 of 45%. The spontaneous

respiratory rate was not reported. Baseline Pao2's were obtained,

then PEEP alone was removed for 4 + 3.4 minutes until the Pao2

reached a new lower level plateau.

Short-term discontinuance of high level PEEP resulted in the

following: (1) the mean baseline Paoz's were 127+ 3.4 mm Hg;

(2) during zero PEEP the Paoz fell to a mean of 72+ 14 mm Hg;

(3) it took 2.4+ l. l; minutes for 80% recovery (return to baseline

Paoz values); (4) 5+ 2.2 minutes were required for complete recovery;

and (5) when PEEP was restored the Padz rose to a mean of 123-f l.0

mm Hg within 7 minutes.

Because the above studies report conflicting results and utilize

small sizes and less than rigorous design and methodologies, it re

mains important to pursue the question of the effects on Pao2 of

discontinuing PEEP for routine procedures.
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Problem Statement

A patient who is mechanically ventilated and on PEEP is normally

taken off the ventilator (and PEEP) during two common nursing procedures:

(l) bagging and suctioning and (2) ventilator tubing changes.

The specific research questions posed in this study are:

l. Does removal of the patient from mechanical ventilation

and PEEP during bagging and suctioning procedures (10–15 sec) sig

nificantly decrease Paoz levels below baseline readings?

2. Does removal of the patient from mechanical ventilation and

PEEP during ventilator tubing changes (approximately one minute) with

continued manual bagging significantly decrease Pao2 levels below

baseline readings?

3. How long does it take for the Paoz to return to baseline

after mechanical ventilation and PEEP are reinstituted following

bagging and suctioning procedures?

4. How long does it take for the Pao2 to return to baseline

after mechanical ventilation and PEEP are reinstituted following

ventilator tubing changes?

5. Does the carden Fºr valve, applied to the manual resusci

tation bag during the (a) bagging and suctioning procedure and (b)

ventilator tubing change to the same patient, prevent the expected

decrease in Pao2?

6. Using the Carden PEEP valve, how long does it take for

the Pao.2 to return to baseline after mechanical ventilation and

PEEP are reinstituted following (a) the bagging and suctioning pro

cedure and (b) the ventilator tubing change?
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Chapter II

Review of Relevant Literature

Introduction

This chapter reviews the literature pertaining to a decrease

in Paoz when patients are removed from PEEP and the increase in

Paoz, i.e. return to a steady state when PEEP is reapplied. Con

troversy exists as to the effects of the discontinuance of PEEP on

the patients' Paoz for certain necessary nursing procedures, such

as endotracheal suctioning, ventilator tubing changes, transporting

patients to other areas of the hospital, and in some hospitals, cen

tral venous pressure determinations. Findings of the studies

reviewed are divided into those related to PEEP and those related

to the PEEP valve.

Studies on PEEP

Kumar, et al., (1970) studied 8 patients, ages 21 to 81

(6 males and 2 females) with severe ARF to determine the effect

PEEP (mean level 13 cm H2O) had on cardiac output and lung function.

Continuous pressure readings were recorded for arterial blood

pressure and central venous pressure. Other parameters examined

were cardiac output, peripheral vascular resistance, inspired

oxygen concentration, functional residual capacity, effective

compliance, oxygen consumption and expired carbon dioxide. The

primary diagnoses of these patients included: three resections of

abdominal aortic aneurysm, and one each of the following diagnoses:
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barbiturate intoxication, transthoracic ligation of bleeding

esophageal varices, pneumococcal pneumonia, post-operative myo

cardial infarction associated with left ventricular failure, and

multiple trauma with subdural hematoma. Criteria for inclusion

in this one group pretest-posttest design was a Paoz less than

loo mm Hg on a 50% or greater FIO2. All patients had been on

PEEP for varying periods of time (four to 17 days) before the study

was initiated. Seven of the 8 patients were ventilated on look

oxygen prior to initiation of the PEEP study. The other patient

was ventilated on 70% oxygen. Tidal volume, respiratory rate,

inspired oxygen, and inspiratory to expiratory ratio were kept

constant throughout the study for every patient. Wentilation was

maintained in the control mode (without the patient triggering the

machine) by use of intravenous morphine sulfate (2 - 4 mg) or

d-turbocurarine (6 - 9 mg). PEEP was obtained with a variable

orifice applied to the expiratory port. Calibration of equipment

was not reported. When necessary, epinephrine was infused at a

constant rate during the study period to maintain an "acceptable"

arterial pressure. The amount of epinephrine given and the

"acceptable" arterial pressure were not reported. Blood volume

expanders were given when indicated to maintain blood volume during

PEEP. Criteria for administration or amounts given were not reported.

The Pao2's on the above stated inspired oxygen concentrations

ranged from 40 mm Hg to 94 mm Hg before the patients were placed on

PEEP (mean 13 cm H2O). After the institution of PEEP, the Paoz's





rose over a thirty minute period to between 321 mm Hg and 394 mm Hg;

individual levels of PEEP were not reported. Control blood gases

were drawn while the patient was on PEEP and again at l, 3, 7, 15,

and 31 minutes after PEEP was removed. The entire sequence of blood

gas drawing was repeated after reapplication of PEEP. In one patient

(barbiturate intoxication) the Pao2 fell from 234 mm Hg to 38 mm Hg

within six minutes of discontinuance of PEEP. The mean Pao2 fall

for the eight patients was from 304 mm Hg to 143 mm Hg (a 53% fall);

79% of this reduction occurred within one minute after discontinuance

of PEEP. Individual levels of PEEP applied to each patient were not

reported, making it difficult to assess individual responses to

discontinuance of PEEP.

In practice, patients are rarely removed from PEEP for periods as

long as 30 minutes for treatments or for transfer to another area of

the hospital, making this study somewhat artificial. It is interesting

to note that the type of PEEP valve (expiratory flow impedence valve)

used in this study is no longer in use because of the high airway

pressures it creates.

Sugerman, Olofsson, Pollock, Agnew, Rogers, and Miller (1972)

studied 8 patients, ages unknown, who developed diffuse interstitial

edema secondary to the following primary problems: peritonitis

(2 patients), cancer with septicemia (2 patients), septic shock

(2 patients), post-necrotic cirrhosis (l patient), and resection

of dissecting thoracic aneurysm (l patient). Criteria for inclusion
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in the study were: an [(A-a)002] gradient of greater then 350 mm Hg

(FIO2 for this A-a gradient not reported) or an FIO2 of 80% or more to

maintain a Paoz of 60 mm Hg. Initial FIC2's prior to institution of

PEEP ranged from 60% to 98% with Pao2's ranging from 57.5 to 16l.0 mm Hg.

The authors' purpose in this one group pretest-posttest design was to

explore the "theoretic basis for the use of PEEP".

Ventilation was maintained in the control mode by "heavy" seda

tion (drugs and dosages not mentioned) and intravenous curare (l

patient). PEEP was instituted by means of a water seal inserted

into the expiratory line. Blood gas determinations were done with

a Radiometer microelectrode. FIO2 was determined by the Model D2

Beckman Instrument oxygen analyzer. Cardiac output was measured by

the Stewart-Hamilton technique with indocyanine green dye.

Before instituting PEEP, baseline measurements were taken for

CVP, pulmonary artery pressure (PAP), pulmonary capillary wedge

pressure (PCWP), cardiac output (CO), arterial blood gases, and

systemic arterial pressure. If CVP, PCWP, and PAP pressures were

low, colloids were given to restore volume. If the values were high,

the patient was digitalized and diuresed with furosemide or etha

crynic acid. Then PEEP was applied stepwise in 5 cm H20 increments

and maintained at each level for lj minute intervals until a level

of li cm H20 was reached. At the end of each 15 minute interval

the above mentioned variables were measured. Zero PEEP was then

applied for 15 minutes and measurements were again taken. Then the
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optimal level of PEEP was chosen to maintain the Paoz above 60 mm Hg

on the lowest possible FIO2. As the patient's clinical picture and

Pao2's improved, Paoz's were measured at 6 – 12 hour intervals and

the level of PEEP was reduced.

Calibration of equipment, respiratory rate, levels of partial

pressure of arterial carbon dioxide (PacC2) during the study and other

variables that would effect the results were not reported.

The authors found that a stepwise increase in Pao2 occurred

with each 5 cm H20 increase of PEEP to their maximum level of 15

cm H2O. Although all patients responded to PEEP with an increase

in Pao2, five patients ultimately died (four from progressive shock

and one from pulmonary insufficiency) and one of these patients did

not respond with an increase in Pao2 until a level of PEEP of li cm

H20 was reached. The authors noted that with each progressive 5 cm

H20 increase in PEEP, the Paoz increased "immediately" (time not

given). Once patients were returned to an optimal level of PEEP

for them, Paoz was seen to improve slowly over the next lz - H3

hours. The Paoz for one patient (resection of dissecting thoracic

acrtic aneurysm) was measured before and while on 10 cm H20 PEEP for

5, 15, 25, and 30 minutes on an FIO2 of 92%. A significant effect
(level of significance not reported) was noted within 5 minutes

and reached an early maximum within lj minutes. Because the data

Was presented in graphic form and was not subjected to statistical

analysis, it was difficult to interpret or correlate specific patient
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changes with individual patient clinical situations.

Pulmonary capillary wedge pressure (PCWP), Paoz, CVP, and CO

were reported in graphic form for each level of PEEP in only one

patient (septicemia with shock). A slight rise in CWP and PCWP

was noted with increased levels of PEEP in all patients. No sig

nificant change in cardiac output or in arterial blood pressure was

observed in this patient or in the other 7 patients.

In the three patients who survived, the Pao? increased with

increasing levels of PEEP. In two of these patients, the Pao2 in

creased from 79 mm Hg and ló0 mm Hg without PEEP to 1418 mm Hg and

481 mm Hg respectively with 15 cm H2O PEEP (FIO2 96%). It was then

possible to lower the FIO2 to 38% and still maintain the Pao2 above

60 mm Hg in both patients.

Similarly a rapid decrease in Paoz was seen When PEEP was dis

continued. The authors did not define the terms "immediate" and

"rapid", but did state that their findings were "similar" to those

of Kumar, et al. (1970) (i.e. within one minute). The method by

which PEEP was discontinued for cases 6 and 7 (patients who survived)

was a gradual weaning process reducing the level of PEEP by 5 cm H2O

over a 48 hour period until zero PEEP was attained on an F102 of 38%.

With each reduction, the Paoz decreased. The authors reported a

sharp decline in Paoz in two cases "similar" to that seen by Kumar,

et al. (1970) when PEEP was discontinued. The actual Pao2 values
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were not reported, therefore one is not able to define "sharp decline".

As noted in the introduction, this study does not provide answers

to essential questions, such as: when PEEP is applied, over what

period time does the Paoz increase? Only one patient had his Paoz

measured before and while on 10 ea Hº PEEP for 5, 15, 25, and 30

minutes. No indication of how or when the test equipment was cali

brated and checked for accuracy was reported.

De Campo and Civetta (1979) studied the decrease in Pao?

following short-term (4 + 3.4 minutes) discontinuation of high

level PEEP (22.2 + 4.7 cm H20) in 9 adult patients (52+ 16 years)

With ARF. Using a one group pretest-posttest design, they looked

at the length of time it took the Pao2 to return to the patient's

baseline following reinstitution of PEEP. No hemodynamic measurements

were collected on these patients other than the physiological shunt

calculated from the mixed venous and arterial blood gases and

calculated end-pulmonary capillary oxygen content using standard

formulas.

The authors state that this study is an attempt to replicate

the Kumar, et al. (1970) study by examining the recovery rates

(return to baseline Paoz) using only a short-term discontinuation

of PEEP rather than 31 minutes. The authors comment that Kumar's
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findings are hampered by long periods of zero PEEP (31 minutes)

and the low levels of PEEP studied (< 15 cm H20 mean).

The primary diagnoses of this sample included: gram-negative

sepsis (5 patients), thoracic trauma (l), viral pneumonia (l),

pseudomonas pneumonia (l), and multiple abdominal trauma with

massive blood transfusions (l). Criteria for inclusion in this

study were based on an increase in physiological shunt of greater

than 15% (an acceptable norm for this study) and X ray findings of

an increase in extravascular water, diffuse alveolar infiltrates

and loss of lung volume. Severity of the disease was determined

by the level of PEEP required to obtain a physiological shunt

equal to 15%.

The patients were on mechanical ventilation with intermittent

mandatory ventilation (IMW) at a rate of 7+ 3.4 controlled breaths

per minute. This rate remained unchanged during the study. The

patients FIO2 was held at 45% throughout the study. PaC2 was con

tinuously measured by an indwelling electrode. After baseline

arterial blood gases were recorded, PEEP alone was removed for

4 + 3.4 minutes until the Paoz reached a new lower level plateau

which was "easily" discernible on continuous recording. Then

PEEP was reapplied and observed until a "steady state" returned.

Short-term discontinuance of high level PEEP (22.2f 4.7 cm

H2O) resulted in the following:

1. Baseline Paoz's were 127 + 3.4 mm Hg and physio
logical shunt was lº■ t 3.0%.
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2. it took l; it 3.4 minutes after PEEP was discontinued
to reach a new Paoz baseline - approximately a 602
decrease in Paoz;

3. during zero PEEP the Paoz fell to mean of 72 + lk mm
Hg in these 9 patients and the physiological shunt
rose to 29-t 7.5%;

it. it took 2.4 + 1.4 minutes for 80% recovery (return
to baseline Pac2 values);

5. 5+ 2.2 minutes were required for complete recovery; and

6. When PEEP was restored, the Pao.2 rose to a mean of
123: 1.0 mm Hg and physiological shunt decreased
to 12 + 8.0% within 7 minutes.

In addition to the above procedure, four of these patients

were removed from PCEP and ventilated with a self-inflating resus

citation bag which delivered "nearly" 100% oxygen. Intermittent

suctioning and hand ventilation were continued for "about" 2 to

3 minutes. Before discontinuance of PEEP, Pao2 values were

95 f 13 mm Hg. After PEEP was restored, Paoz values were
96 t 14 mm Hg. The term "restored" was not defined nor how long

it took to become "restored" post-suctioning. Type of catheter,

number of passes, size of catheter in relation to inside diameter

of endotrachael tube, length of time for each pass, volume of the

inflation bag, and rate of inflation were not given. Therefore,

this author does not know whether the lungs were hypo or hyperventi

lated with "nearly" 100% 02. Without controlled ventilation, the

PaC2 fluctuates with each breath depending on the tidal volume and

PacO2. De Campo and Civetta did not simultaneously collect or notate
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other pertinent hemodynamic factors that would affect the Paoz values.

Calibration of the instruments was not mentioned which in this

instance is crucial, because the authors were using an indwelling

Paoz electrode connected to an International Biophysics Company

Single channel recorder. Experience of this author has found similar

equipment to be less reliable than the standard method of blood gas

analyses. Unreported studies done at University of California Davis

Medical Center comparing the indwelling Paoz analyses (Ohio Sentorr)

with conventional Paoz analyses done at the same time varied by 10 -

lj mm Hg, plus or minus the conventional method. Obviously, from the

foregoing omissions and the lack of clinical control, it is impossible

to draw conclusions from the study's findings.

Falke, et al. (1972) studied the effects of PEEP on 10 patients,

ages 41 to 6l, with severe ARF secondary to the following primary

problems: viral pneumonia (2 patients), salt water aspiration (l),

pulmonary hypertension with congestive heart failure (l), myocardial

infarction (2), status post implantation of coronary artery bypass

grafts (l), aortic valve replacement (l), gastrointestinal bleeding

(l), and extensive trauma (l). This one group pretest-posttest design

study was carried out to clarify the effects of mechanical ventila

tion with different levels of positive end-expiratory pressure on

the circulation, lung volume, and blood gas exchange.

Criteria for selecting the patient population was inability to

maintain Paoz at acceptable levels during intermittent positive

pressure ventilation (IPPV) when the inspired FIO2 was 50% or higher.
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The initial Paoz on an FIO2 of look was less than 300 mm Hg in all

patients and less than 65 mm Hg in 6 of the 10 patients. Patients

were maintained on volume ventilators without changing ventilator

settings for the entire study. PEEP of 0, 5, 10, and l3 cm H2O

were applied for 30 minute periods in random order. Respiratory

parameters included inspiratory-to-expiratory (i.e) ratios that

ranged from 0.3 to 0.9, respiratory frequency that ranged from 9

to l8 per minute, and tidal volume from 8.9 to 24.1 cc./Kg per body

weight. Patients were sedated with either morphine (15 ug/Kg per

hour), fentanyl (1 - 2 ug/Kg per hour), or d-tubocurare (60 ug/Kg

per hour). During the last 10 minutes of each 30 minute period,

arterial blood gases, cardiac output, systemic blood pressure, CVP,

and pulmonary compliance were measured. Changes in PEEP were done

slowly over a period of about 2 minutes "to allow for hemodynamic

adjustment".

The authors found that hemodynamic response to ventilation

with PEEP varied from patient to patient and did not correlate with

the level of PEEP. No correlation was found between level of PEEP

and mean cardiac index, systemic blood pressure, or peripheral vas

cular resistance. The lack of a decrease in cardiac index from that

of the Kumar, et al., study may be related to different type of PEEP

Valve utilized in his study. PEEP was produced with a gas-collecting

manifold attached to the expiratory port of the ventilator.

Arterial PaC2 rose with each increase in PEEP (mean increase

13 mm Hg/cm H20 PEEP), the mean increase being from 152 mm Hg to
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347 mm Hg at 15 cm H20 of PEEP. FRC also rose linearly with PEEP.

Mean FRC was l. H8+ 0.78 at zero PEEP and increased to 2.37 liters

at 15 cm H2O PEEP. Each stepwise increase in FRC was followed by

a rise in Paoz. In two patients, with unilateral disease a signifi

cant rise in Paoz with PEEP was noted only when the better lung was

dependent.

The authors failed to explain if the random order of the levels

of PEEP affected the Pao? when PEEP was decreased from one level to

another. Although the respiratory variables of respiratory rate,

i: e ratio and tidal volume were measured, they were not correlated

with the results. The FRC could be greatly affected by the wide

range of tidal volume values (3.9 to 24.1 cc./Kg body weight).

Trichet, et al., (1975) studied 10 patients, ages 45 to 7l,

following open-heart surgery for aortic valve replacements (AVR)

(5), and mitral valve replacements (MWR) (5), to determine the

effects of PEEP on hemodynamic performance and blood-gas exchange.

Parameters studied in this two group pretest-posttest design included:

cardiac output (determined by the dye-dilution technique using indo

cyanine green dye), left atrial pressures, pulmonary artery pressures,

radial artery pressures, arterial blood gases, and mixed venous blood

gases. Criteria for inclusion in the study was a normal pulmonary

vascular resistance index in the AWR patients prior to surgery and

an abnormally high pulmonary vascular resistance index (values not

reported) in the MWR patients prior to surgery.
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The investigation was conducted within 24 hours after surgery

while all the patients were being ventilated on the Emerson venti

lator. Tidal volumes were set at lj cc /Kg body weight at a rate to

maintain the PacQ2 between 35 - 45 mm Hg. Sedation was achieved by
administering fentanyl (0.02 - 0.04 mg), diazepam (2 - 5 mg) or

morphine (2 - 4 mg) during the study period. The authors state

that these small doses were adequate to sedate the patients when

given in addition to morphine given routinely to the post surgical

open-heart patients. Blood volume replacement and/or intravenous

administration of drugs with wocardial inotropic properties were

given to support hemodynamic function.

The study was divided into three periods with all patients

being ventilated on 100% oxygen throughout the test period. Period

I was the control and consisted of ventilating the patients at zero

PEEP for a minimum of 30 minutes or until a "steady state" had been

achieved. A "steady state" is defined as the time at which two

consecutive samples of expired gas collected during 30 consecutive

breaths in a Douglas bag had less than 2% variation in mixed PacQ2.
At this point hemodynamic and blood gas measurements were performed.

Period II consisted of applying 10 cm H2O PEEP to the above venti

lator settings until a "steady state" was achieved and then making

measurements. Period III was another control period similar to

Period I, but the patients were left at zero PEEP for one full hour.

The same data was again collected.
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Following AVR, mechanical ventilation with lo cm H20 PEEP

showed the following results:

l. decrease in the mean ■ (A-a).02] from 247 f. 28to l883: 54 mm Hg;

2. decrease in, intrapulmonary, right-to-left shunt
from 12.7% f 1.2% to 8.1% + 1.5%

3. decrease in cardiac index from 3.13+ 0.74 to
2.64 + 0.67 l/min/m3 (this could be explained by
inadequate blood balance in the early post-op
period);

4. increase in Paoz from 430+ 23 to 502 it 46 mm Hg.
Following MVR, mechanical ventilation with lo cm H2O PEEP

showed the following results:

l. decrease in cardiac index from 2.64 + 0.62 to
2.49 f 0.65 l/min/m3;

2. increase in Pacoz from 36 t 5 to 42 + 4 mm Hg;
3. increase in deadspace-to-tidal volume ratio

from 0.433 0.1 to 0.47+ 0.11 (this could be
related to increased mismatching of ventilation
with perfusion);

4. Paoz change was not statistically significant
from 454 it 53 to 1,713: 60 mm Hg.

Period III results showed a significant decrease in cardiac

index for MWR patients as compared with initial control values.

Cardiac index for AWR patients returned to control values.

Other measurements did not show significant changes when measured

one hour after PEEP was removed.

The authors indicate that it takes longer than 30 minutes to

attain a "steady state" and in some cases, up to an hour, but do

not relate specific data in all cases. No significant decrease in
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Paoz was noted in the third period, but blood bases were not drawn

until one hour post removal of PEEP. Also, initial Pao2 values on

loo; oxygen were high (430 + 23 mm Hg) indicating that PEEP was

probably not necessary for these patients in order to maintain

adequate oxygenation. Pao2 values prior to initiating the study

were not reported.

Studies using a PEEP valve. Maintenance of PEEP during pro

cedures that necessitate removing the patients from the ventilator

has been a problem since PEEP has become an important therapeutic

intervention in the management of patients with ARF. Several devices

have been developed in an attempt to resolve this problem. There are

a number of articles in the literature explaining how to construct

non-standard "home-made" devices (Ashbaugh et al., 1967, Weeks &

Comer, l??7, Wu & Turndorf, l??3). The problem with these devices

is that they are cumbersome and yield variable performance.

One of the first PEEP valves consisted of a Norman elbow

(Figure 1) attached to an oxygen source at one port, the tracheal

tube at another port, and a reservoir bag with pressure gauge at

the third port. The pressure gauge was on a T-piece with the end

placed in a water Safety valve (Carden, Levin & Steinbach, 1974).

Although the authors state that this valve works well, it is large,

bulky, and complicated to set up. There is also the problem of

spillage and/or evaporation of the water column. It is not a

system that can easily be made portable.
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Figure l

PEEP Apparatus showing:

Trachael tube
Norman elbow
Fresh gas flow
Oxygen analyzer
Pressure gauge
Reservoir bag
Water safety valve
Clamp
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Seeing the problems of this bulky unit, Carden et al., (1974)

devised a simple portable PEEP valve that consists of a venturi

tube that creates positive pressure in the airway. It is light

weight and easily portable (Figure 2). This venturi tube, with its

connections to a pressure gauge, terminates into a female adapter

that is connected to the tracheal tube. The female adapter consists

of a jet that connects to a gas flow source. The jet has eight

radially arranged holes for escape of excess gases and water.

Gas flow is aimed into the venturi tube in a direction opposite

to the exhalation of the patient. Five liters per minute (LPM)

of gas flow yields pressures of 5 cm H2O PEEP. As the flow of

gas is increased, the amount of PEEP is increased. The device

was tested on one new born child of 32 weeks gestation with

respiratory distress syndrome on 90% FIO2 (without PEEP the
PaC2 was 37 mm Hg). A few hours after birth, the infant was placed

on 80% FIO2 with 6 cm H20 PEEP via this device. By the third day

of life, the PEEP was discontinued and the FIO2 was decreased

to 63% which yielded a Paoz of 74 mm Hg.

Carden was not completely satisfied with the device, so he

modified it to what is presently in use in some hospitals (Carden

CPPB Device No. 34260) (Figure 3). This device is a simple and

effective way to provide PEEP.

This device consists of a venturi tube that provides resist

ance to exhalation by means of oxygen flow directed against the

airway. It is easily adapted to the self-inflating resuscitator

bag. The system requires a normal resuscitation bag with a
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D.

Figure 2

Venturi PEEP Apparatus:

Adapter with pressure gauge attached
to trachael tube

Gas flow source opposing patients' exhalation

Gas flow source

Jet with 8 radially arranged holes for
escape of excess exhaled gases and water
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Figure 3

MANOMETER
CONNECTED

HERE

E/I connector

º

E/T Tube

FRESH
GAS INLET

A. Fresh gas jet
B. Wenturi tube
C. Exhalation valve with 7 radially arranged holes
D. 15 cc capacity reservoir tube (in order not to entrain any room air)

Gas flow from wall source enters through gas inlet and exits through
jet "A" into Venturi tube "B". Excess and exhaled gases exit through
"Cn.
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flowmeter, a pressure manometer to monitor airway pressures, two

oxygen supply tubings, the Carden valve, and an additional oxygen

flowmeter with which to regulate PEEP. When the gas flows at

5 LPM, a pressure of 5 cm H2O is created. As the gas flow is

increased, the amount of PEEP is increased. Research data has

not appeared in the literature to prove the efficacy of this de

vice, but the fact that it is sailer to Carden's initial device

points to the reliability of it to maintain PEEP (Dupaco Corporation,

1975).

Lilly (1979) has recently developed what he believes is an

inexpensive portable PELP valve that he uses on patients during

transfer maneuvers (Figure lº). It consists of a non-rebreathing

circuit, a pneumatically activated flutter valve, assorted couplings,

a unidirectional T-piece, and a dead weight PEEP valve. A resusci

tation bag is attached to this lengthy system. A piece of disposable

oxygen tubing is attached between the collector head (A in Figure 4)

and the temperature probe adapter coupling (C in Figure 4) to act

as a pneumatic connection. When the resuscitation bag is com

pressed, the pneumatic valve occludes the expiratory limb of the

circuit and provides a fresh gas source. During exhalation the

pneumatic valve opens and the one-way T-piece routes expired

gases through the PEEP valve. The author states that this system

is not dependent on the flow of gas from an external source and

the amount of PEEP can be quickly changed. He does not state how

the level of PEEP is regulated.
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Figure 14

Product 1978 Cotoloq Monufacturer Model
Cost ($) Nurnber

A Pneumoticolly octivoted

Flutter volve (Collector Heod) | 2.50 Benne?? 554O
■

B. Moin flow coupling 2.35 Bennett 3443

C. Temperature Probe Adopter 2.5C) Benne?? 7897
coupling

D. Non-rebreathing T-piece 7 OO Instrumentotion
Industries BEZII.7

E PEEP Volve 46.OO-84 OO Boehringer 48OO
(Kit price vories) 48 O2

48 || 2
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The system was tested on 10 randomly selected patients requiring

PEEP levels ranging from 5 to 15 cm H20. Criteria for patient selec

tion were respiratory distress requiring: (1) mechanical ventilation,

(2) inspired oxygen concentration of 100%, and (3) PEEP of 5 cm H2O

or more to maintain acceptable arterial oxygen levels. The patients

mean Paoz values at the bedside while on mechanical ventilation with

100% O2 and PEEP (levels ranging from 5 to 15 cm H2O) were 118.2 it
41.4 mm Hg. The mean Pao2 during transport using the valve was

ilj.0+ H2.6 mm Hg. These paired data were analyzed for statistical

significance of their differences using the students T-test. No

significant differences were found (p 2.0.005). It was not reported

how or when the equipment was checked for accuracy (Lilly, 1979).

Boehringer Laboratories have developed several PEEP valves that

are in use today. One of these is the Sierra non-rebreathing valve

that is used during anesthesia and can also be used while transporting

patients. The mechanism of how the valve works was not delineated

by the authors, but they did test it on eight Class I American

Surgical Association (ASA) surgical patients (lowest risk for

surgery) who required general anesthesia. No further data or patient

information was provided by the authors, but, they stated that the

measured PEEP values agreed with those listed by the manufacturers.

Because of the omission of adequate data, it is impossible to draw

any conclusions from the authors findings (Weeks & Comer, l977).

Other PEEP valves are in use today, but research of the

literature failed to yield any clinical research that has been done

to validate their effectiveness. The Carden CPPB device No. 34260





25.

appears to be the simpliest, least expensive, and most effective

way to provide PEEP for portable use at this point in time.

Summary

This chapter has reviewed relevant literature pertaining to

a decrease in Paoz when patients are removed from PEEP and the

increase in Pao? (i.e. return to a steady state) when PEEP is

reapplied. There have been few systematic controlled studies of

the effect of removing PEEP for clinically relevant maneuvers

essential to patient care.

Kumar, et al., (1970), Rogers, et al. (1974), and De Campo

and Civetta (1979), agree that there is a decrease in Paoz when

PEEP is removed regardless of the level of PEEP. All of these

studies have small sample sizes. De Campo and Civetta show an

earlier return to baseline which they attribute to high level

PEEP and decreased time of zero PEEP. Kumar, et al., reported

slower recovery (return to baseline), this could be related to

the fact that PEEP was off for 31 minutes and the use of lower

levels of PEEP (mean 13 cm H2O). This makes the results somewhat

non-comparable. In addition, Kumar's patients were on controlled

fixed ventilation. The patients in the De Campo and Civetta study

Were on controlled ventilation with interposed spontaneous breaths

(IMV). This also makes the results non-comparable, because of the

significant effect on Paoz that these two modes of ventilation

may have. However, these studies do attest to the controversy in

the literature regarding the length of time needed for recovery
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(return to baseline Pao2) after PEEP is reinstituted. There are

no studies that replicate either of the exact methodologies of

Kumar, et al., and De Campo and Civetta. Therefore, from the

review of the literature, it is impossible to determine the length

of recovery time required (return to baseline Pao2) after PEEP is
reinstituted and how deleterious the discontinuance of PEEP is

on a patient's ability to recover baseline Paoz levels.
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Chapter III

Theoretical Framework

Introduction to the Chapter

Injury to the lung depends on the nature of the illness,

the site of damage, and the severity of injury. Injury to the

alveolar-capillary membrane results in increased permeability

of endothelium and epithelium which in turn can lead to interstitial

and alveolar edema. When the injury is severe, hypoxemia increases

in spite of increased inspired oxygen. PEEP is used extensively

in this clinical situation to relieve hypoxemia and reduce intra

pulmonary shunting. This chapter will review the pathologic and

pathophysiologic features of respiratory failure and the use of

PEEP in the management of this form of acute respiratory failure.

Pathophysiology of Adult Respiratory Distress Syndrome

The characteristic pathophysiologic abnormalities of Adult

Respiratory Distress Syndrome (ARDS) involve injury to the alveolar

capillary membrane from a wide variety of disorders. Common findings

in this type of injury include: (1) severe hypoxemia caused by

intrapulmonary shunting of blood, (2) decrease in lung compliance,

(3) decrease in FRC, (4) diffuse, fluffy alveolar infiltrates on

chest X ray, and (5) absence of evidence of cardiogenic pulmonary

edema (Hopewell, 1979).

The pathogenetic sequence of events in ARLS as postulated by

Hopewell (1979) are shown in Figure 5. The initial injury to the

alveolar capillary membrane may be caused by direct damage as seen

in aspiration of acidic gastric contents or by indirect damage. The
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Figure 5

Alveolar-capillary
membrane injury

High fractional
inspired oxygen

(FIO2)

Increased permeability of Damage to
endothelium and epithlium Type II pneumocyte

Overhydration

Interstitial and Decreased
alveolary edema Ç → surfactant

Overexpansion
of alveoli

Alveolar and/or airway
filling or closure

Reduced FRC
Intrapulmonary shunting

*-

Reduced compliance

(Hopewell, 1979)
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resulting injury leads to an increase in the permeability which

results in interstitial and alveolar edema. Therapeutic inter

ventions (shown in the boxes of Figure 5) may act to compound the

effects of the initial lung injury.

The mechanism by which the FRC is decreased remains contro

versial, but three possible explanations exist: (1) fluid-filled

alveoli do not function to exchange gas which leads to loss of

lung volume, (2) congestion of the lung decreases compliance, and

(3) increased interstitial fluid leads to increased interstitial

space pressure and a decreased transmural pressure gradient which

usually functions to keep the small airways open. Early closure

and continued closure leads to atelectasis and loss of lung volume

(Hopewell, 1979).

The decrease in lung compliance, often severe in ARDS, is

reflected in the high ventilatory pressures required to deliver an

adequate tidal volume. It is thought that this decrease in lung

compliance is due to a loss or an inactivation of surfactant with

Subsequent increased recoil pressure of the lungs.

The decrease in Paoz is a result of perfusion of large numbers

of alveoli that are poorly ventilated (areas of low W/3) or not

ventilated (areas of shunt).

Fluid management and ventilatory support with PEEP are the

primary therapeutic interventions for ARDS. Because of the increased

permeability of the alveolar-capillary membrane, excessive fluid

administration can produce or intensify pulmonary edema. Fluid
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replacement must be closely monitored. The most valid measure of

pulmonary edema is pulmonary artery capillary pressures (or wedge

pressures).

The routine effects of mechanical ventilation using tidal

volumes of 10–15 ml/Kg body weight and the use of PEP have been

well documented (Kumar, et al., 1970; Petty, et al., 1971). The

large tidal volumes are often effective in preventing or reversing

atelectasis. The PELP produces a positive distending pressure

across the alveoli and the airways which maintain patency and, in

turn, increases FRC. With this recruitment of alveoli, the Pao.2

increases and the [(A-a)002 || decreases (Hopewell, 1979). Another

possible effect of PEEP is that it may act to conserve surfactant

(Hopewell, l??9).

Pathophysiology of Atelectasis

Atelectasis is a term derived from the Greek words "ateles"

meaning imperfect, and "ektasis" meaning expansion. In medical

terminology it refers to the collapse of the gas-exchange units

(alveoli). The most common cause of atelectasis in the hospitalized

patient is retained secretions (Shapiro, et al., 1977).

Other causes of atelectasis include: central nervous system

depression, neuromuscular diseases, chest wall and diaphragmatic

diseases, airway obstruction, and diseases of the pulmonary

parenchyma.

Three factors that are associated with the pathophysiology of

atelectasis and which influence the ability of an alveolus to main

tain its expiratory volume above the critical volume are:
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(l) closing volume, (2) surfactant, and (3) gas volume denitrogenation.

Closing volume. The lung volumes at which the dependent lung

Zones cease to ventilate is the concept of closing volume (Shapiro,

et al., 1977; West, l'977). There is a (normal) tendency in man for

the small airways to collapse during expiration. When a (normal) man

expires fully to residual volume (RV), airways in the dependent lung

regions tend to close because of the higher intrapleural pressure

(Cherniack, Cherniack, & Niamark, 1972). Gravitational forces and

the weight of the lung in standing man cause a higher transmural pres

Sure at the apices than the bases. This widens airways at the apices

relative to the bases and, in erect man, can close airways at the

bases while they are still open at the apices (Comroe, 1975; West,

1974, 1977). The large airways in the upper lobes remain open be

cause intrapleural pressure is approximately 7.5 cm H20 lower there.

During inspiration from FRC, pleural pressures at the apex and base

are -10 and -2.5 cm H20 respectively. At low lung volumes, the

pleural pressure at the apex and base become -l, and +3.5 cm H2O

respectively (Cherniack, et al., 1972). In diseased lungs, loss

of elastic recoil, structural supporting tissue, and resultant airway

narrowing promote Widespread airway collapse and trapping at or above

FRC. If the closing volume is greater than the patient's FRC, the

bronchioles will close earlier during expiration (Shapiro, et al., 1977).

This airway closure results in air "trapping" of the remaining

alveolar gas. This trapping may act to insure that the small
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alveoli remain above their critical volumes and do not collapse;

however, if the closing volume is greater than the FRC, the

bronchioles will close during expiration and decrease adequate

alveolar ventilation (Comroe, Forster, Dubois, Briscoe, & Carlsen,

1977).

Surfactant. Surfactant is a phospholipid material secreted

by the Type II cells of the alveolar lining that acts to lower

surface tension and decrease the tendency of the alveoli to

collapse at a minimal volume (expiration) (Comroe, et al., 1977).

In pathologic states, with the loss of surfactant activity, surface

tension remains high at low alveolar volumes. This leads to col

lapse of alveoli, requiring high pressures to re-open the alveoli.

When a patient is placed on PEEP, the alveoli are prevented from

collapse during expiration (Sugerman, et al., 1972).

Denitrogenation. When a patient is suddenly removed from PEEP

for CVP determinations or suctioning, the alveolar units collapse

requiring high pressures for re-inflation (Leftwich, et al., 1973).

The volume of gas within a collapsible container is important for

maintaining the container in the expanded state. Therefore, the

volume of gas remaining in the alveoli at the end of expiration is

a key factor in maintaining the alveolus above its critical volume

(Shapiro, et al., 1977).

One theory presently being explored for accentuating atelectasis

is the denitrogenation theory. Critically ill patients receiving

high fractional oxygen concentrations (above 60% FIO2) may not be

able to maintain a Paoz above 50-60 mm Hg because of the denitrogenation





32.

(N2) process. When high concentrations of oxygen are administered,

there is a decrease in the amount of nitrogen inspired. Normally

this inspired nitrogen remains in the alveoli and, therefore, keeps

alveoli open. Nitrogen comprises approximately 79% of the air we

breathe. Alveoli that are underventilated (low ventilation-perfusion

ratio) are able to remain open because of the remaining volume of

nitrogen gas in these units (Shapiro, et al., 1977). Giving high

concentrations of oxygen results in lowering of alveolar nitrogen

tensions and denitrogenation of both inspired air and blood and

tissues. Thus, the loss of alveolar nitrogen may cause the collapse

of underventilated alveoli because the increase volume of oxygen

being supplied can now be completely absorbed into blood and there

Will not be a sufficient supply of nitrogen to keep the alveoli in

flated. Thus, these units collapse. Alveolar collapse from this

process has been shown to be a significant clinical entity and is

accentuated when the inspired oxygen is 60% or greater and the person

has areas of low w/3 (Ayers & Grace, 1969; Lantzer, Wagner, & West,

l975). Because of the large tidal volumes used with ventilator

patients, denitrogenation may not be a problem in these patients.

£ºleº ºf EE

Positive end-expiratory pressure (PEEP) is used extensively in

ARDS and other states of ArtF resulting in hypoxemia. In the diseased

state of ARDS, the FRC decreases, leading to an increase in alveolar

collapse which, in turn, increases ventilation-perfusion (W/3) abnor

malities and results in hypoxemia (Petty & Ashbaugh, 197l). The FRC
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is the volume of gas left in the thorax at the end of a normal ex

piration. End-expiratory volume must remain above its critical

volume (below which volume elastic forces will cause collapse) or

many alveoli will collapse. The means by which PEEP relieves hypoxemia

and reduces intrapulmonary shunting is not well established, but is

thought to be related to an increase in FRC (..cLoud, Barash, & Ravin,

1977). The application of PEEP produces a positive distending pres

Sure across the walls of airways and alveoli at end-expiration, thus

maintaining their patency at an increased FRC. The recruitment and

improved ventilation of previously non-ventilated or underventilated

alveoli increases the Paoz. Other possible mechanism for PEEP's

effectiveness in reversing hypoxemia is that PEEP might increase

the volume of the alveoli so that fluid no longer completely fills

the alveoli, but rather forms a layer on the surface of the alveolar

wall and thus allows some gas exchange to occur (Sugerman, Rogers, &

Miller, 1972).

Positive effects of PEEP include: (1) increasing FRC, which

leads to improvement in the Paoz by keeping alveoli open so gas

exchange is facilitated; (2) decreasing diffuse atelectasis; and

(3) reducing shunting during the expiratory phase and decreasing

U(A-a)002] (Angerpointer, Farnsworth, & Williams, l??7).

The optimal ventilatory pattern and level of PEEP are widely

debated and varies from patient to patient. Most experts believe

that the PEEP should be regulated to preserve adequate cardiac output
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and maintain mixed venous oxygen tension (Pvo2) above 30 mm Hg (Rie &

Pontoppidan, 1977; West, 1977). A large tidal volume (10-15 ml/Kg)

and a slow respiratory rate (10-12 breaths/minute) without hyper

inflation (sigh) are accepted ventilator settings for ARF patients

(Rie & Pontoppidan, 1977).

Complications associated with the use of PEEP include: (1)

decreased cardiac output, (2) subcutaneous emphysema, (3) decreased

tissue oxygenation because of a low cardiac output which leads to

lactic acidosis, (4) increased intracranial pressure, (5) increased

intraocular pressure, (6) decreased renal output associated with

increased Antidiuretic Hormone (ADH) production and, (7) pneumothorax

(Petty & Ashbaugh, 1971; Hopewell, 1979).

Rationale of PEEP Walve

Many types of PEEP valves exist, but they are all based on

essentially the same principle. As the patient attempts to exhale,

resistance to flow is provided by means of flow directed against

the airway. This resistance to flow can be applied by a gas flow

source, a screw clamp (Carden, Levin, & Steinbach, 1974), or a non

rebreathing valve with a rubber bushing at the expiratory port (Weeks

& Comer, 1977). Another means of applying PEEP is to have the patient

exhale against a positive pressure produced by submerging the expira

tory end of the breathing circuit under H20 (Sladen, Aldredge, &

Albarran, 1973; Carden, et al., 1974). A pressure gauge is attached

to the PEEP valve system in order to measure the amount of positive

pressure being applied to the airway.
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Suctioning Procedure

Trachael or endotrachael suctioning is an integral component of

the care of a patient with an artificial airway. Proper techniques

and procedures need to be well delineated to prevent the occurrence

of complications.

Complications and hazards of suctioning include: (1) cardiac

arrhythmias (Ayres & Grace, 1969; Bendixen, 1976; Dale, ly52), (2)

hypoxemia (Shapiro, et al., 1977), (3) hypotension (Shapiro, et al.,

1977), (4) atelectasis (Bendixen, 1976; Rosen & Hillard, 1962), and

(5) mucosal damage (Kunzenski, 1978).

The recommended suctioning procedure to minimize complications

and hazards is as follows:

Step l; Adequately pre-oxygenate the patient with 100% oxygen

to provide the greatest reserve in the alveoli and avoid hypoxemia.

The pre-oxygenation phase can be accomplished by hyperinflating (at

least 5 deep breaths) with a resuscitation bag or a manual "sigh"

delivered by the ventilator (Levy & Stubbs, 1978; Shapiro, et al.,

1977; Naigow & Powaser, 1977). The hyperinflation bag to be used is

the puritan manual resuscitator that gives a tidal volume of lz.50 ml

When two hands are used to compress it. The bag will be flushed with

100% oxygen for one minute prior to hyperinflating the patients lungs.

Normally, when patients are bagged with the puritan manual resuscitator

bag at l; liters of oxygen flow, they receive only 35% to 50% of oxygen.

Therefore, a special system was set up to provide loo, oxygen. The

system was checked prior to use on each patient.
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Step 2: Insert the suction catheter carefully without applying

vacuum pressure until you reach the level of the carina. When a

slight obstruction is felt, pull back approximately l cm and apply

suction intermittently while rotating and withdrawing the catheter.

The suction catheter must not be left in the airway for longer than

10–15 seconds. If arrhythmias or patient distress occurs, the

suctioning process must be terminated immediately and the patient

ventilated with 100% oxygen (Kuzenski, 1978; Naigow & Powaser,

1977; Rosen & Hillard, 1962; Shapiro, et al., 1977).

Step 3: Hyperinflation with 100% 02 five times post-suctioning.

The argyle aero-flo tip suction catheter appears to play a signifi

cant role in preventing mucosal damage. This ring tipped catheter

minimizes tissue damage by drawing air into it through the end

hole and around the ring. This creates an air cushion which tends

to prevent the catheter from sucking the mucosal tissue into it

(Shapiro, et al., 1977). It is recommended that the suction

catheter should not occupy more than one half the internal diameter

of the airway (Rosen & Hillard, 1962; Shapiro, et al., 1977).

Suctioning is a very important part of the care of a patient

with an artificial airway. Proper techniques and procedures need

to be well delineated to prevent the occurrence of complications.

Suctioning of the PEEP patient has not been well delineated at this

time, but it is assumed that the problems that occur in all venti

lator patients are the same.

A Well designed comparative study using normal suctioning

procedures with a PEEP valve versus the normal suctioning procedure
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Without a PEEP valve seem indicated. The effects of endotrachael

Suctioning and the safest and most clinically successful method of

endotrachael suctioning appear to be topics of great controversy

and clinical research at this time. No study compares standard

suctioning procedures with and without the use of a PEEP valve and

the possible deterioration of Paoz levels using either and/or both

methods.

ãesearch ºuestion

The specific research questions posed in this study are:

(l) Does removal of mechanical ventilation and PEEP from ventilator

dependent patients during (a) suctioning procedures and (b) ventilator

tubing changes significantly decrease Paoz levels below baseline

readings, (2) how long a period is required for the Paoz to return

to baseline after PEEP is reinstituted in each of the procedures, and

(3) does the use of a Carden PEEP valve applied during the period of

hyperinflation in each of the procedures make a significant difference

in Paoz values?

Hypotheses
º

Procedure I: During the period of ventilator tubing changing,

the patient will be removed from mechanical ventilation and PEEP

and hyperinflated with 100% oxygen using a puritan manual resusci

tator bag (PMR).

Procedure I will significantly decrease Paoz below control levels

l, 5, 15, and 30 minutes after reinstituting PEEP.
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Procedure II: During the period of ventilator tubing changing

the patient will be removed from mechanical ventilation and PEEP,

and hyperinflated with loo; oxygen using a PMR bag with a Carden

PEEP valve set at the same level of PEEP as applied by mechanical

Ventilation.

Procedure II will not sifnificantly decrease the Pao.2 below

control levels l, 5, 15, and 30 minutes after reinstituting PEEP.

Procedure III: During the suctioning period the patient will

be removed from mechanical ventilation and PEEP, hyperinflated with

100% oxygen using a PMR bag for 5 breaths before and for 5 breaths

after suctioning (duration lo seconds).

Procedure III will significantly decrease Paoz below control

levels for l, 5, 15, and 30 minutes after reinstituting PEEP.

Procedure IV: During the suctioning period, the patient will

be removed from mechanical ventilation and PEEP, hyperinflated with

100% oxygen using a PMR bag with a Carden PEEP valve (set at the same

level of PEEP as applied by mechanical ventilation) attached for 5

breaths before and for 5 breaths after suctioning.

Procedure IV will not cause a significant decrease in Paoz from

the control value l, 5, 15, and 30 minutes after reinstituting PEEP.

-

builtº.

Patients routinely require removal from PEEP for ventilator tubing

change and endotrachael suctioning. Controversy exists as to the

effects on Paoz of discontinuing PEEP to perform endotrachael

suctioning, change ventilator tubing circuits, and to do other

maneuvers essential to patient care. Removing PEEP has been shown
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to cause a significant decrease in Pao2 values within one minute

(Kumar, et al., 1970; Sugerman, et al., 1972) and also a slow

return to control Pao2 after PEEP was reinstituted (Kumar, et al.,

1970; Sugerman, et al., 1972). De Campo and Civetta (1979) showed

that "short term" (#3: 3.4 minutes) discontinuation of high level

PLEP (22.2+ 4.7 cm H2O) significantly shortened recovery time
(return to baseline Pao2). The above two studies had different

methodologies which make their results non-comparable. This

chapter has discussed the pathophysiology of ARDS and associated

atelectasis, and the physiologic rationale for the use of PEEP

in this type patient. It seems logical that if PEEP increases

FRC and maintains patency of the alveoli and airways that its

removal during suctioning and other clinically relevant procedures

could lead to atelectasis, decreased FRC, decrease in Paoz, and

increase in [(A-a).02 J
º
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Chapter IV

Methodology

Design

The design for this study was the single group pretest-posttest

design with four independent variables and multiple posttesting of

dependent variables. The syntactic design for this study is dia

grammed as follows:

O X 0000

The first "0" represents a baseline blood gas that was followed by

one of the four procedures. Blood gases were then drawn at l, 5,

lj, and 30 minutes. Each patient received all four procedures and

acted as his/her own control. Suctioning and ventilator tubing

changes with and without the use of the Carden PEEP valve were the

independent variables. Arterial oxygenation (Paoz) measurement was

the dependent variable.

Limitations to design. To justify this design several factors

must be taken into account. By applying all four procedures to each

patient, they served as their own control; however, it cannot be

predicted for certain that history or maturation does not jeopardize

validity. An attempt was made to decrease the effect of history and

maturation by limiting the time interval between trials to less than

an hour and a half, and using patients in a "stable" condition. The

exact amount of time between procedures was determined by the needs

of each patient, depending on the amount of secretions, the orders

of the physician, the amount of water in the ventilator tubing, and
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the hospitals suctioning protocol. Since the time interval between

the pretest and posttest data collection for each trial was short

(less than 45 minutes), it is thought that little change occurred

other than that related to removal from the respirator.

Patient Sample and Setting

The patient sample consisted of 15 critically-ill patients in

acute respiratory failure who required mechanical ventilation with

PEEP for adequate oxygenation. Patient's diagnosis, age, sex, level

of PEEP, and FIO2 are shown in Table l in Chapter 5.

Sample Selection Criteria

l. Intubated or tracheostomy

2. Indwelling arterial catheter

3. Requires positive end-expiratory
pressure (PEEP) for optimal
oxygenation (variable levels of PEEP)

4. Approval of primary physician

5. Consent of patient or family member
(see consent form, Appendix A)

This study was implemented in the intensive care units (ICU)

of the University of California Davis Medical Center in Sacramento.

This is a l;69 bed teaching hospital with six intensive care units.

The intensive care units used in this study were Surgical ICU and

Medical ICU. Surgical ICU has 14 critical-care beds and Medical

ICU has 8 beds.
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Independent Variables

Suctioning and ventilator tubing changes with and without the

use of the Carden PEEP valve are the independent variables in this

study. The procedures involving suctioning and ventilator tubing

changes were standardized so that all patients received the same

treatments and the investigator for the study did all the procedures.

The order in which the procedures were done were the same for

all patients and were as follows:

l. Suctioning with PEEP valve (IV)
2. Ventilator tubing change with valve (II)
3. Suctioning without valve (III)
4. Ventilator tubing change without valve (I)

The human research protocol stated that the order of the pro

cedures should be left to the discretion of the nurse caring for

that particular patient. The most frequently occurring need of

these patients was for endotracneal suctioning; therefore, it was

clinically impractical and not always in the best interest of the

patient to randomize the procedures during the study period. Non

randomization of these independent variables may lead to some inter

action effect. If an interaction effect has occurred, hopefully it

will be more easily detected since all patients studied were subject

to the same order of procedures.

The amount of time the patients are off the ventilator for the

various procedures ranged from 1 minute to l minute 37 seconds.

Dependent Variables and Instrumentation

Arterial oxygenation (Paoz) measurement was the dependent vari

able. Pao2 was analyzed on the laboratory blood analyzer, Corning
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Model 175. Each blood gas sample was iced and taken to the blood

gas lab for analyses within 30 minutes or less. Calibration and

standardization of the blood gas analyzer was done prior to each

use. Each sample was tested twice and the results posted so they

could be picked up after the study was completed for each patient.

All blood gas samples were analyzed on the same instrument, and

readings can be attained within one to five minutes. This analyzer

recalibrates itself automatically every half hour. It is routinely

calibrated and standardized at the beginning of each 8-hour shift

by the blood gas technicians. The reliability of the instrument

was checked by repeated testing of the same sample. To test the

validity of the drawing of the sample from the arterial line

arterial hemoglobins were analyzed with each sample. The hemoglobins

Were consistent throughout.

Intervening Wariables

Intervening variables that could influence the findings of this

study included the following: level of PEEP, cardiac output, hemo

globin level, patients' anxiety, respiratory rate, ventilator settings,

position of the patient, body temperature, arterial carbon dioxide

(Paco 2), and type of disease or surgery (see Appendix B for data
sheet). All of the above data were collected when available. When

a significant number of similar observations were seen in the study

subjects, such that an interactive affect could occur, data were

collected and analyzed. All patients were placed in the supine





position for procedures. The ventilator settings were not changed

during the course of each procedure or between procedures. Patients

"fighting" or "bucking" the ventilator were sedated with diazepam or

morphine sulfate or paralyzed with pancuronium bromide.

Procedure

Patients on PEEP were assessed to determine if they met the

criteria. When the criteria were met, the physicians consent was

obtained. Then the patient and/or family consent (when patient

comatose) was obtained. The equipment was then prepared at the

bedside. When the nurse in charge of the patient was prepared to

begin either suctioning or ventilator tubing change and the patient

was in the Supine position, the study began.

Specific Procedures

Procedure I. Hyperinflation (approximately lº times tidal

volume) with supplemental oxygen (FIO2 100%) using a puritan manual

resuscitator bag with a valve to assure 100% 02 delivered by the bag

during the period of ventilator tubing change (approximately 60 seconds

was the standardized time for ventilator tubing changes).

Procedure II. Hyperinflation (approximately lá times tidal

volume) with supplemental oxygen (FIO2 loojº) using a puritan manual

resuscitator bag using the Carden PEEP valve set at the same level of

PEEP as applied with the mechanical ventilator for 5 breaths before

and 5 breaths after suctioning with an argyle aero-flo tip catheter.
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Procedure III. Hyperinflation (approximately 13 times tidal

volume) with supplemental oxygen (FIO2 loº) using a puritan manual

resuscitator bag for 5 breaths before and 5 breaths after suctioning

with an argyle aero-flo tip catheter.

Procedure IV. Hyperinflation (approximately 13 times tidal vol

ume) with supplemental oxygen (FIO2 100%) using a puritan manual resus
citator bag with a Carden PEEP valve set at the same level of PEEP as

applied with the mechanical ventilator, for 5 breaths before and 5

breaths after suctioning with an argyle aero-flo tip catheter.

All patients received all four procedures applied in the same

order. The only steps in the procedure that differed from routine

patient care were the addition of the Carden PEEP valve when hyper

inflating the lungs and the additional serial arterial blood gases

that were drawn. The suction procedure used in this study was the

one recommended to minimize complications as presented in Chapter

III. The subjects were not suctioned additionally for the purpose

of this study. A baseline blood gas was drawn prior to each pro

cedure. The patient was removed from the ventilator during each

procedure, with serial blood gases being drawn at l, 5, 15, and 30

minutes after PEEP was reinstituted. The time sequence was as follows:

Time (Minutes) Blood (Amount)

O l; ce
Procedure I, II, III, or IV

l Minute # cc
5 liinutes l; ce

lj Minutes # CC30 Minutes l■ cc
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Each sample was drawn from an arterial line into a 3 cc heparinized

plastic syringe. Heparin was expelled from the syringe until only

the needle was filled.

Immediately after the sample was drawn, it was rotated between

the palms of the hands to insure mixing of the heparin with the

blood sample. Any air bubbles trapped in the barrel of the syringe

were expelled and the syringe was capped and placed in a cup of ice.

Pre and post-procedure profile data were collected for each

patient. Items covered on the profile data sheet included: vital

signs, medications, cardiac rate and rhythm, Swan Ganz readings

(when available), ventilator settings, suction parameters, and blood

gas analysis.

Definition of Terms

Suctioning Procedure - Hyperinflation of the lungs with a resuscita
tion bag times 5, suction for 10–15 seconds, then hyperinflate
the lungs times 5 (Hyperinflation with 100, FIO2 supplement
oxygen will be used).

Pao2 - Arterial Oxygen Tension, expressed in mm Hg (torr)
PacO2 - Patient to be ventilated at a rate to maintain CO2 level

between 35 and 40 mm Hg (partial pressure of arterial carbon
dioxide).

PVO2 – Oxygen tension of a blood sample obtained from the pulmonary
artery (mixed venous blood).

PEEP - Variable levels of positive pressure applied during the
expiratory phase of respiration.

CWP - Central venous pressure - measurement of pressure in right
atrium or vena cava.

Aa DO2 - Difference between alveolar and arterial oxygen tension.

PIO2 - Partial pressure of inspired oxygen.
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FIO2 - Fractional inspired oxygen - inspired oxygen concentration,
expressed as a percent.

ABG - Arterial blood gas - sample of blood removed from artery and
analyzed.

FRC - Functional residual capacity- the amount of air remaining in
the thorax at the end of expiration.

Hyperinflation - Deep breath inflating the lungs (approximately
lá times) greater than a normal tidal volume.

Supplemental Oxygen - Increasing the amount of inspired oxygen
delivered to the patient.

PEEP Walve - Device used to maintain positive end-expiratory
pressure during the respiratory cycle.

Critically-ill - A patient who is in a medical crisis, the outcome
of which can be restoration to health or death.

Respiratory rate - Normal rate for ventilator patients is lz-lö
breaths per minute.

Hemoglobin level - Normal range for optimum oxygen carrying capa
city is lz-15 gm/100 ml.

Patient's Anxiety - State of being apprehensive related to known
or unknown causes. Can be controlled by sedation with
morphine and/or diazepam, if necessary to prevent fighting
or bucking the respirator.

Position of the patient - Supine position used for study because
it required the least patient manipulation.

Body Temperature - Maintain normal body temperature (97° - 999 F)
for optimum oxygen consumption.

Resuscitation bag - A hand operated puritan manual resuscitator
bag for inflating patients lungs.

Ventilator tubing change - Period of time (approximately l minute)
when the tubing is changed on the mechanical ventilator.
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Chapter 5

Results

Pata Analysis

Using the paired t-test, (Fox, 1970) Paoz levels observed prior

to each procedure were compared to the Pao.2 levels noted at l, 5, 15,

and 30 minutes after the procedure for each of the four individual

groups. In addition, the difference between the baseline blood gas

and those taken at l, 5, 15, and 30 minutes were compared for each

of the four procedures. If at any of these times the Paoz was lower

than baseline, this could indicate that the procedure was detrimental

to the patient's condition. The change in Paoz from baseline to l,

5, 15, and 30 minutes for procedure I (ventilator tubing change, no

PEEP valve) was compared with the same changes in procedure II (venti

lator tubing change, with PEEP valve). This comparison allowed evalu

ation of any beneficial effect of the Carden PEEP valve during ventilator

tubing changes. Also, changes in Pao2 from baseline to l, 5, 15, and

30 minutes were compared for procedures III (suctioning, no PEEP valve)

and IV (suctioning with PEEP valve). Again, this comparison allowed us

to evaluate any beneficial effect of the Carden PEEP valve during the

bagging and suctioning procedure. In this study any p value less than

or equal to 0.05 was considered to be significant.

Figures 6, 7, 8, and 9 show the graphic picture of Pao2's for each

patient in each of the four procedures. Table l shows the Pao2 values

for each patient in each of the four procedures. Demographic data and
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variable data are presented in Tables 2 and 3 for each of the lj

patients. The statistical data for these lj patients, each of whom

had the four procedures, is summarized below.

Procedure I: During the period of ventilator tubing change,

the patient was removed from mechanical ventilation and PEEP and

manually hyperinflated at approximately lá times the tidal volume given

by the ventilator with 100% oxygen using a puritan manual resuscitator

bag (PMR).

Hypothesis: Procedure I will result in a significant decrease in

the subjects' Pao2 below baseline levels at l, 5, 15, and 30 minutes after

reinstituting mechanical ventilation and PEEP.

Data of Pao2 levels (mean, standard deviation (S.D.), difference
from baseline (mean) and p values for baseline comparison with post

ventilator tubing changes (procedure I) at l, 5, 15, and 30 minutes

are presented in Table 4. Graphical data of the Pao.2 values

are presented in Figure 6. The only significant change (p=0.029) found

was an increase in arterial oxygen tension (Pao2) at the l minute post

ventilator tubing change. No significant difference in Paoz levels was

found when baseline levels were compared to 5, 15, and 30 minute inter

vals. Surprisingly, the group mean Pao2 did not fall following venti

lator tubing change at any time interval measured and actually in

creased significantly above baseline l I■ linute after the procedure.

This hypothesis, therefore, was rejected.

Procedure II: During the period of ventilator tubing change,

the patient was removed from mechanical ventilation and PEEP, and

manually hyperinflated at approximately lá times the tidal volume
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Peteºachie Pâté

Ht. Wt. Pulmonary I.C.
Patient Age Sex In. Lbs. Diagnosis Complications Unit

l. Ma 75 F 53 llº Aortic Stenosis ARLS with one SICU
organ failure

2. IW 70 F 62 lºš Aorto-iliac ARDS with one SICU
occulsion organ failure

3. HJ 53 M 70 197 Coronary ARDS with Slou
Artery disease Sepsis

4. LS 6l F 62 154 Dissecting Aortic ARDS with one SLCU
Aneurysm organ failure

5. JG 4l M 69 l95 Hepatic Failure ARDS with SICU
with respiratory two or more
arrest x 2 organ failure

6. RG 59 M 69 lj0 Trauma with ARDS with MICU
GI Bleed trauma

7. JO 33 F 65 1714 Drug Overdose ARDS with MICU
two or more
organ failure

3. A. 42 M 69 lj7 Multiple Trauma Ait DS with SICU
Sepsis

9. Ely 72 F 62 85 Pneumococcal ARLS with one MICU
Pneumonia organ failure

lo. SB 32 M 70 228 Ilultiple Trauma ARLS with SloU
Trauma

ll. DA l;3 M 72 240 Multiple abdominal ARDS With SICU
operations for Sepsis
Ca■ h CeI"

12. CJ 146 F 62 ll3 Hepatic Failure ARLS with MICU
with respiratory two or more
arrest organ failure

13. LM 64 M 65 95 Pneumonia with ARDS with 1.10U
Bronchopleural two or more
Fistula organ failure

14. JS 70 M. 67 117 Renal Failure ARDS with M.ICU
two or more
organ failure

15. KD 69 M 7l 215 Abdominal Aortic A.DS with SlºU
Aneurysm two or more

organ failure



Table 3 49. b
Variable Data

Sedatives
F102 PEEP CWP Hypnotics

Fatient 6 CF, H20 Figb C. H2O PA CO Pavulon Pressors

il. MA 35% 5 l2. 3 10.0
-- -- -- --

2. IW 4.5% 5 9.4
-- --

-- M.S. 5 rig IV
--

1 hour before
Procedure IW

3. HJ 45% 8 l2.9
-- --

-- A.S. 6 mg IV
during procedures
IV and I

4. LS 35% 10 ll.8 -- 3R/20 --
-- --

. JG 50% lj 10.1 --
38/20 --

--
Dopamine 800 mg
in 250 cc DEW
at 20 cc/hr

6. RG 40% lº 3.0 -- 26/4 6.3
--

Dopamine 300 mg.
in 500 cc D5W
at 40 cc/hr

7. Jo 35% 8 10.3
--

26/14 -- Phenobarb
--

immediately
prior to
procedure IV

3. A. 55% 10 10.4 l'7.0 34/18 lo
-- --

9. EN 50% 7 15.1
--

40/20 5.2
-- --

lo. SB 59% lò ll-l --
5!/40 lºº.5 Pavulon 6 ma IV

--

during procedure I
Walium lo ma - Ill
and I, M.S. 10 mg-III

ll. LA 35% 10 ll. 2 -- --
-- M.S. 10 mg IV

--

procedures IV & I

12. CJ 50% 15 12.7 lo. 0 36/20 6.9 Pavulon l; ma IV Lopamine 400 mg
during procedure in 500 cc D5W
III at 25 cc/hr

13. IM 60% 5 l2.7
-- -- -- -- --

14. JS 4.5% 12 9.5 ll.0 54/34 6.6
--

Lopamine 400 mg.
in 250 cc D5W
at 8 cc/hr

15. KD 6.0% lo l3.0 20.0
--

-- 1:... S. 5 Inq IV
--

l hour prior to
procedure III
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Wariable

Baseline Pao?

l minute Paoz

Easeline Paoz

5 minute Pao?

Baseline Pao?

lj minute Pao?

Baseline Pao2

30 minute Pao?

El

lj

l:5

15

lj

Table it

Change in Mean Pao? Levels
During Wentilator Tubing Change

for Procedure I

M.ean

94.80

ll3. 33

94.80

98.73

94.80

94.00

94.80

91.93

+33.55

*16.33

it 33.50

+32.00

it 33.50

it 30.29

it:33.55

*29.78

Difference
Clean)

+18.53

+3.93

–0.80

–2. C7

* Significant at p < 0.05

NS = Nonsignificant

p value

0.029*

0.144 NS

0.380 NS

0.263 NS
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given by the ventilator with 100% oxygen using a PMR bag with an in

line Carden valve adjusted to apply a level of PEEP identical to that

used during mechanical ventilation.

#ypothesis: Procedure II will not result in a significant decrease

in the subjects' Paoz level below baseline levels at l, 5, 15, and 30

minutes after reinstituting mechanical ventilation and PEEP.

Baseline Paoz levels were compared with l, 5, 15, and 30 minute

post-procedure Pao2 levels for procedure II (ventilator tubing change

with PEEP valve) and are presented in Table 5. Graphical data of the

PaC2 values are presented in Figure 7. The only significant change

(p=0.001) was an increase in Paoz at the l minute post-ventilator

tubing change. No significant difference in Pao.2 levels was found when

baseline levels were compared to 5, 15, and 30 minute intervals. There

fore, this hypothesis was accepted.

Procedure III: During the suctioning period (10–15 seconds), the

patient was removed from mechanical ventilation and PEEP, and manually

hyperinflated at approximately li times the tidal volume given by the

ventilator with 100% oxygen using a PMR bag without a PEEP valve for

5 breaths before and 5 breaths after suctioning.

Hypothesis: Procedure III will result in a significant decrease

in the subjects' PaC2 levels at l, 5, 15, and 30 minutes after reinsti

tuting mechanical ventilation and PEEP.

Data of baseline Pao2 levels were compared with l, 5, lj, and 30

minute post-procedure Pac2 levels for procedure III (suctioning, no
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Table 5

Change in Mean Pao2 Levels
During Ventilator Tubing Change Using

the Carden PEEP Walve for Procedure II

Difference

Variable B 'lean S. D. Gºal P----

Baseline Paoz 8l4.80 +25.63
lj ++5.00 0.001*

l minute Pao2 l29.80 it; 3.49

Baseline Pao? 814.80 +25.63
15 +12.47 0.059 NS

5 minute Pao2 97.27 +3+. 31

Baseline Pao? 814.80 +25.63
15 +5.93 0.057 NS

lj minute Paoz 90.73 #30.70

Baseline Pao2 84.30 +25.63
lj +5.53 0.ll.9 NS

30 minute Pao2 90.33 +26.27

* Significant at p < 0.05
NS = Nonsignificant
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PEEP valve) and are found in Table 6. Graphical data of Pao2 values

are presented in Figure 8. There were no significant differences

between Paoz levels at baseline compared to l, 5, 15, and 30 minute

post-procedure. There was no fall in Paoz below baseline noted for

any of the intervals post-procedure. This hypothesis was rejected.

Procedure IV: During the suctioning period (10–15 seconds), the

patient was removed from mechanical ventilation and PEEP, and manually

hyperinflated at approximately li times the tidal volume given by the

ventilator with loo; oxygen using a P.R bag with an in-line Carden

PEEP valve adjusted to apply a level of PEEP identical to that used

during mechanical ventilation, for 5 manual breaths before and 5 after

the suctioning procedure.

Hypothesis: Procedure IV will not result in a significant

decrease in the subjects' Pao2 below baseline levels at l, 5, 15, and

30 minutes after reinstituting mechanical ventilation and PEEP.

Baseline Pao? levels were compared with l, 5, 15, and 30 minute

post-procedure Pao2 levels for procedure IV (suctioning, with Carden

PEEP valve) and are presented in Table 7. Graphical data of the

Pao2 values are presented in Figure 9. The only significant change

found was an increase in Pao.2 at the l minute post-suctioning interval.

This was significant at p=0.00+. No significant difference in Pao2

levels was found when baseline levels were compared to 5, 15, and 30

minute intervals. This hypothesis was accepted.



Table 6

Change in Mean Pao.2 Levels
During Suctioning
for Procedure III

Difference

Wariable ºl Mean S. D. Crean) ====

Baseline Pao2 92.20 +23.24.
lj +13.73 0.063 NS

l minute Pao.2 105.93 **. 35

Baseline Pao? 92.20 +23.2%
15 +3.67 0.239 NS

5 minute Pao? 95.87 +32.4l

Baseline Pao? 92.20 :23.24.
lj +l. 73 0.626 NS

15 minute Pao2 93.93 it 32.10

Baseline Pao2 92.20 +23.24
15 +3.67 –0.273 NS

30 minute Pao? 95.87 +33.22

NS = Nonsignificant



5l. b

Variable

Baseline PaC2

l minute Pao2

Baseline Pao?

5 minute Pao?

Baseline PaC2

lj minute Pao2

Baseline Pao?

30 minute Pao 2

Table 7

Change in Mean Pao.2 Levels
During Suctioning Using

the Carden PEEP Walve for Procedure IW

Difference

£ Mean S.D. cean)

84.40 +25. 39
lj +37.93

122. 33 +52.16

84.40 +25. 39
lj +5.30

90. 20 *23.24.

84.40 it25. 39
l5 +7.33

91.73 it.23.86

84.40 *25. 39
lj +4.60

89.00 +25.18

* Significant at p 2: 0.05
NS = Nonsignificant

P. Jºe

0.00l."

0.232 NS

0.107 NS

0.ll3 NS
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From the data presented, it can be seen that none of the proced

ures resulted in a fall in mean Paoz with either ventilator tubing

changes or bagging and suctioning - two necessary nursing procedures.

Even without maintaining PLEP during procedures I and lll, there was

no decline in mean Pao2 relative to baseline at any of the four post

procedure time intervals. Surprisingly, there was actually a signif

icantly higher Paoz at l minute after three of the four procedures.

The implication is that by following the procedure outlined in the

mothods section, using loo;% oxygen for manual ventilation during ven

tilator tubing changes or bagging and suctioning, there is no adverse

effect on Paoz caused by these procedures.

Although no detrimental effect on patient Paoz was observed

following any of the procedures, the study was initially designed,

in part, to assess the value of the Carden PEEP valve. To assess

whether the PEEP valve resulted in a higher Pao2 than would be ex

pected without the valve, the following statistical assessment was

done. The change in Paoz from baseline to l minute in procedure I

(no PEEP valve) was compared to the change from baseline to l minute

in procedure II (PEEP valve) using a paired t-test. Similar compari

Sons were made between baseline and 5, 15, and 30 minutes and the

results are seen Table 3. The use of the Carden PEEP valve

resulted in a significantly greater increase in Pao.2 from baseline

to l minute when compared to not using the valve (p=0.013). No

significant differences attributable to the valve were noted at



Variable

Procedure
l minute

Procedure
l minute

Procedure
5 minute

Procedure
5 minute

Procedure
lj minute

Procedure
l: minute

Procedure
30 minute

Procedure
30 minute

II

II

11

Table 8

Comparison of Subjects' Response
to Change in Pao? Levels Between

Procedure I and Procedure Il

Difference

— Mean S. D. Queen) ====

+lö.53 *29.45
lj 26.47 0.013*

+45.00 +43.65

+3.93 +9.84
15 3.53 0.103 NS

+12.17 :23.45

0.80 * 7.36
15 6.73 0.099 NS

+5.93 +ll.06

–2.87 it 9.52
lj 3.40 0.100 NS

+5.53 itl2.89

*Significant at p < 0.05
NS = Nonsignificant
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5, 15, or 30 minutes. The statistical superiority of using the PEEP

valve versus not using the PEEP valve may be clinically irrelevant

since it is only transient (1 minute), because the major therapeutic

goal is to prevent a decrease in Pao2 during and after the procedures,

and because it is assumed that the subjects' baseline Paoz level is

clinically acceptable.

The value of the Carden PEEP valve during bagging and suctioning

(procedures III and IV) was assessed in an identical manner. The

change in Paoz from baseline to l minute in procedure III (no PEEP
valve) was compared to the same change in procedure IV (PEEP valve).

Similar comparisons were made between baseline and 5, 15, and 30

minutes, and are shown in Table 9. There was a significantly greater

increase in Paoz at l minute when the Carden PEEP valve was used than

when it was not (p=0.004). No benefit from the Carden valve was

noted at 5, 15, or 30 minutes.

The foregoing data indicates that, in general, there is no

clinical value in using the PEEP valve, because Pao2 levels at l

minute did not decrease below baseline with or without the PELP valve.

However, specific cases, e.g. case 10, who was on a high level of

PEEP (18 cm H20) may benefit from the use of the Carden PEEP valve.

This case, and Case l on a low level of PEEP (5 cm H20) will be

contrasted.

These two subjects appear to be at opposite ends of the spectrum

in their need for PEEP, their levels of PEEP, and the extent of their

pulmonary disease.
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Table 9

Comparison of Subjects' Response
to Change in Paoz Levels Between

Procedure III and Procedure IV

Difference

Variable — Mean S. L. Green) ====

Procedure III

l minute -lj.73 +26.32
lj 24.20 0.004*

Procedure IV

l minute –37.93 ++2.66

Procedure Ill

5 minutes –3.67 itl2.89
lj 2. lº 0.695 NS

Procedure IW

5 minutes —5.30 +20.09

Procedure Ill

lj minutes -l. 73 itl3.49
lj 5.60 0.276 NS

Procedure IV

lj minutes –7. 33 +16.50

Procedure III

30 minutes –3.67 itl2.59
ls 0.93 0.640 MS

Procedure lW

30 minutes –4.60 itlo. 70

* Significant at p < 0. 95
NS = Nonsignificant
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Case number 1 (MA) was a 75 year old female with an 8 year history

of acrtic stenosis. She showed increasing anginal pain and syncope for

approximately 3 weeks prior to admission. Her failing cardiac status

required open heart surgery with placement of a new acrtic valve. Post

operatively her pulmonary status declined and she was unable to be

Weaned from the ventilator. At the time of the study she was mechan

ically ventilated with an IMV rate of 12, on 35% FIO2, 5 cm H20 PEEP,

and a tidal volume of 800 cc (15.4 cc./kg). She was lethargic, but

responded to questions by shaking her head. Diazepam 7.5 mg was given

6 hours prior to initiation of the study, but no other sedative or

narcotics were given before or during the study.

Table lo presents the Pac2 analyses for each of the four proced

ures at baseline, l, 5, 15, and 30 minutes. The Paoz values at the

l minute interval were significantly (p<0.05) greater than baseline

values. Procedures I and III (without the Carden PEEP valve) showed

greater increases in Pao2 (8.3 mmHg and 66 mmHg respectively) at the

l minute interval than with the Carden PEEP valve in procedures II

and IV (67 mmHg and 47 mmHg respectively). Although slight decreases

in Paoz were seen at 5, 15, and 30 minutes in this case, these were

not clinically relevant to the patient's condition because all of the

Pao2 values throughout the four procedures remained above normal levels

(70-100 mmHg). It could be argued that this patient, on 35% FIO2 and

5 cm H2O PEEP had such high baseline Paoz levels (120-141 mmHg) that

she needed neither 35% FIO2 nor PEEP.
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PaC2

Procedure

Procedure

Procedure

Procedure

II

III

IW

Baseline, l, 5, 15, and 30 Minutes

Table lo

Pao? Analyses for Each of
the 4 Procedures at

Patient l

Baseline l Minute

1314 217

l23 200

lkl 207

l20 l67

3 finutes

133

lºo

127

l28

130

122

ll.9

132

22 lºss

l24

128

138

llj
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In contrast case number 10 (SB) a 32 year old male, with multiple

trauma, bilateral hemothorax, and ARLS, showed the greatest decrease

in Pao.2 of all the patients at the l minute levels in procedures I

and III (without the Carden PEEP valve). He was ventilated in the

assist mode on 50% F102, 18 cm H20 PEEP, and a tidal volume of lloo ce

(10.6 cc/kg). He received pancuronium bromide 6 mg l; minutes prior

to procedure III and pancuronium bromide 2 mg one-half hour prior to

procedure I. Morphine sulfate lo mg was given lj minutes prior to

procedure II. Diazepam lo mg slow intravenous was given twice 45

minutes prior to procedure Il. Despite these drugs, the patient

remained agitated and "bucking" the respirator throughout the entire

study. Table ll presents the Paoz analyses for each of the four

procedures at baseline, l, 5, 15, and 30 minutes.

This patient showed decreases in Pao2 values in procedures I

and III (no PEEP valve) at the l minute interval (40 mmHg and 29 mmHg

respectively). By using the Carden PEEP valve, he showed increases

in Pao.2 in procedures II and IV at the l minute interval (39 mmHg

and 3 mm Hg respectively). This patient's condition deteriorated

over the next few days and ended in death.

Clinically, case 10 may be example of the type of patient on

higher levels of PEEP who can benefit from the use of a PEEP valve

during bagging, whereas case l whose FIC2 and level of PEEP were

lower and whose lung disease was less severe did not seem to benefit

from the use of the Carden PEEP valve.
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Table ll

Pao2 Analyses for Each of
the 14 Procedures at

Baseline, l, 5, 15, and 30 Minutes

Patient 10

PaC2 Baseline l Minute 2 Minutes 12–4 is: 22 ºilºts

Procedure I ll!! 74 lll lC2 lC0

Procedure II 116 85 59 62 38

Procedure III 83 55 914 93 99

Procedure IW 50 53 62 93 57
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Chapter 6

Discussion

Significance of the Findings

Controversy exists as to the effects of the discontinuance of

PEEP on the patients' Pao2 for certain necessary nursing procedures,

such as endotrachael suctioning, ventilator tubing changes, trans

porting patients to other areas of the hospital, and determining central

venous pressure. The purpose of this study was to assess the effects

on Pao.2 of discontinuing PEEP for the routine procedures of ventilator

tubing change and endotrachael suctioning. A Carden PEEP valve which

applies PEEP during the bagging period was included in two of the

procedures (procedure II and IV) to compare its effect in decreasing

the expected drop in Pao.2 levels during the procedures. It was

expected from reviewing the literature of Kumar, et al., (1970);

Sugerman et al., (1972); DeCampo and Civetta, (1979); and others

that the Pao.2 would drop dramatically in those patients with total

discontinuance of PEEP (procedures I and III). However, clinical

data from the present study did not substantiate this hypothesized

decrease in Paoz. Mean Paoz levels increased significantly (p<0.05)

above baseline in procedures I, II, and IV at the l minute level.

Mean Paoz levels also increased at l minute in procedure III, however

the level was not significant. Mean Paoz levels at 5, 15, and 30

minutes post-procedure did not change significantly compared to base

line Paoz in any of the four procedures.
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This study demonstrates that disconnection of PEEP for clinically

necessary procedures of suctioning and ventilator tubing change does

not significantly decrease the Pao2 as long as the period of discon

nection is relatively short (range l minute to l minute and 37 seconds)

and the patient's lungs are hyperinflated with 100% oxygen before and

after suctioning and during the ventilator tubing change. Hyperin

flation with 100% oxygen appears to be a protective mechanism that

maintains the patient's Paoz above or close to baseline levels.

In many intensive care units it is assumed that loo; oxygen is

given during the bagging procedure, but measured samples of FIO2 have

been as low as 35% (Trout, 1978). To insure the patients received

100% oxygen in this study, oxygen at 15 liters/minute flowed from the

Wall into an anesthesia bag which in turn filled the PMR bag at the end

of each bagged breath. A one way valve did not allow oxygen from the

Pº■ t bag to reenter the anesthesia bag, thus insuring that the 100%

oxygen was delivered to each patient. The FIO2 was sampled prior to

initiation of the study and was 100% oxygen. A Wrights spirometer

was attached to the PMR bag port to show the exact tidal volume given

with each breath. To exclude the possibility that the high liter

oxygen flow (15 liters) into the anesthesia bag (in order to give

loo; oxygen) was creating PEEP for all patients in all four procedures

end-expiratory airway pressure was measured and showed that Zero PEEP

Was applied by the high liter flow.

The consistency with which the procedures were carried cut, i.e. ,

hyperinflating with 100% oxygen at approximately 13 times the tidal
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volume set on the ventilator 5 times before and after suctioning,

and limiting the suctioning period to lo to 15 seconds, as well as

hyperinflating with 100; oxygen during ventilator tubing change,

preserved the patients baseline Pao2. In contrast, Kumar et al.,

(1970) DeCampo and Civetta (1979), and Sugerman et al. (1972) found

decreases in Pao2 upon removal of PEEP, but the period of removal of

PEEP was in excess of 1 minutes and up to 30 minutes and no hyperin

flation with loo; oxygen was done.

The primary significance of this study is that transient hypoxemia

can be prevented during PEEP disconnection by hyperinflation with

100% oxygen using a manual resuscitator bag in most patients. In

clinical practice, patients on higher levels of PEEP, e.g. case 10,

may benefit from using a PEEP valve during the bagging procedure.

In case 10, the PEEP valve (procedures II and IV) prevented a de

crease in Paoz that was seen in procedures I and III (without PEEP

valve). Although the PEEP valve helped this patient, in none of the

14 subjects was a fall in Paoz observed even without the PEEP valve;

thus, the Carden valve seems unnecessary as a routine on patients

on lower levels of PEEP.

Limitations of the Study

The sample size (N=l5) used in this study, although larger than

those examined in review of the literature, was Small. Repeating this

study with a sample size of 30 or more patients on high level PEEP

(15+ cm H2O) Inight give a better idea of the significance of the

addition of a PEEP valve. Only 9 of the patients in this study were

on 10 or more cm H20 PEEP. The mean PEEP for the entire sample was
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lo.13 cm H20 with a range of 5 to l6 cm H20.

Another limitation of the study was that the four procedures

were not randomized. The human research protocol stated that the

order of the procedures should be left to the discretion of the

nurse caring for that particular patient. The most frequently oc

curring need of these patients was endotrachael suctioning; there

fore, it was clinically impractical and not always in the best

interest of the patinet to randomize the procedures during the study

period. Non-randomization of these independent variables may have

led to some interaction effect. Without randomization it is dif

ficult to determine if the procedures using the Carden PEEP valve

(procedures II and IV) enhanced clinical improvement in the patient's

condition as evidenced by increased Pao 2 levels in procedures I and

III.

Lack of complete clinical control of the patient was another

limitation. Ideally, all patients should have been in good ventilator

syncrony so that agitation could not have been a cause for increasing

oxygen consumption.

Arterial oxygen levels were not measured during the actual

Suctioning period or immediately after the patient was placed back

on the ventilator and PEEP. Pao2 levels during these 2 periods may

have shown a significant decrease that had been reversed at the l

minute period because of hyperinflation with 100% oxygen. If this

decrease did occur, it was very transient since the mean Pao? levels
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at the l minute post-procedure interval were all increased above

baseline levels. In fact, some of the increases at the l minute

level were significantly increased (procedures I, II, and IV).

Implications for Nursing

The results of this study demonstrate that by using the stand

ardized suctioning protocol outlined in this study, with special

attention given to insure the delivery of 100% oxygen with hyper

inflation, patients on lower levels of PEEP (less than 15 cm H2O)

do not become hypoxemic when they are removed from the ventilator

and PEEP for short intervals (1 minute to l minute 37 seconds) for

suctioning and/or ventilator tubing change.

Routine use of the Carden PEEP valve during bagging procedures

on patients requiring less than 15 cm H20 PEEP does not seem to be

indicated as evidenced by the Paoz increases in Pao2 at the l minute

level in procedures I, II, and IV. The addition of the PEEP valve

during the bagging procedure may help to preserve baseline Pao2's

in patients with more severe lung disease who require higher levels

of PEEP.

Suggestions for Future Research

One suggestion for further research is to repeat this study

using a larger sample size on higher levels of PEEP (15 cm H2O

and greater) and include randomization of the procedures. This

may help to determine the conditions in which the addition of a

PEEP valve during bagging procedures is clinically important in



6l.

preserving baseline Paoz's.

To decrease the effect of intervening variables, selection of

subjects with similar diagnosis, e.g. all multiple trauma patients

who require FIO2's of greater than 50% could be done.
It is unfortunate that not all 15 patients in this study had

Swan ganz lines or CWP lines in place. Pulmonary artery pressures,

Wedge pressures, CVP, and cardiac output measurements in future sample

Subjects may help to determine the cardiovascular effects of these

nursing procedures that could influence the patient's resultant

oxygenation and response to these maneuvers.



Human Subjects Protocol Number: 933303–l
Title of Study: PEEP
Name of Principal Investigator: Mrs. Lorna L. Schumann, R.N.
Telephone: 967–6359

CONSENT TO PARTICIPATE AS A RESEARCH SUBJECT
THE UNIVERSITY OF CALIFORNLA, DAVIS

Lorna Schumann, R.N., a graduate student in nursing, Will be
doing a study to learn the best method of caring for patients who
are on a ventilator and are having their lungs suctioned. The study
is being done to compare a new valve, called the "Carden PEEP valve",
with the routine method of doing these procedures.

This new valve attaches to the inflation bag used to inflate my
lungs. The purpose for this is to see how different inflation tech
niques affect the oxygen in the blood. I have been invited to be in
this study because I am already having my lungs suctioned. If I agree,
then the following would happen to me:

l. I would be observed when the nurse is doing the following:

a. I would be suctioned in the routine manner when it
is necessary to remove secretions from my lungs.

b. I would be suctioned using the Carden PEEP valve.
This valve is in use in other hospitals, but not in
this hospital.

c. My lungs would be inflated in the routine manner
during ventilator tubing change.

d. My lungs would be inflated using the Carden valve
during ventilator tubing change.

2. Small amounts of blood would be drawn for a period of 30 minutes
following each procedure from a line that is already in my arm or
leg.

There is probably no risk to me because the line is already in
place and only a small amount of extra blood will be drawn.

There is probably no benefit to me, but the knowledge gained may
be useful in treating future patients like me.

Participant's Initials
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Human Subjects Protocol Number: 933303–l
Title of Study: PEEP
Name of Principal Investigator: Mrs. Lorna L. Schumann, R.N.
Telephone: 967–6359

If I have any questions, I can ask the head nurse to contact
Lorna Schumann or I can contact her myself at 1,931 Hazel Avenue,
Fair Oaks, California, 95628. The telephone number is (916)
967–6859.

Participation in this research is entirely voluntary and I
have the right to refuse or to withdraw at any time. If I do, I
will be treated in the usual way without the added blood samples
and the use of the new valve.

I have received a copy of this form and a copy of the Experi
mental Subjects Bill of Rights to keep.

Date Subject's Signature

My relative is unable to consider consenting for him/herself
and has not expressed any dissent to this or to being a research
Subject.

Signature of Relative
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