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ABSTRACT 

This study describes changes in functional residual capacity 

and arterial oxygen tension before and after airway suctioning. Six 

dogs were anesthetized and mechanically ventilated. Functional 

residual capacity, using a bag-in-the-box helium dilution technique 

and arterial oxygen tension were measured pre-airway suctioning, imme

diately post-airway suctioning and twenty minutes post-airway suction

ing. Each subject served as his own control and data were analyzed 

in terms of changes between measurements in functional residual 

capacity and arterial oxygen tension. No statistically significant 

changes in functional residual capacity were demonstrated post-airway 

suctioning. Small changes were seen in arterial oxygen tensions post-

airway suctioning, as presented by an increase in the difference 

between alveolar and arterial oxygen tensions (A-aDC^)- The values 

for A-aDC^ increasedimmediately post-airway suctioning and tended to 

remain above pre-airway suctioning levels at 20 minutes post-airway 

suctioning. In conclusion, A-aDO^ increased post-airway suctioning, 

however, the underlying mechanism did not involve a change in func

tional residual capacity. 

vi i i 



CHAPTER 1 

INTRODUCTION 

Aspiration of secretions from the respiratory tract is a 

basic treatment modality for patients whose own pulmonary defense 

mechanisms are inadequate for the maintenance of a patent airway. 

However, this therapeutic modality is not without its disadvantages. 

Airway suctioning involves aspiration of intrapulmonary gases as well 

as secretions and has been associated with arterial hypoxemia. 

Arterial hypoxemia is commonly caused by alveolar collapse and 

airway closure which may lead to a decrease in the volume of gas 

remaining in the lung at end-expiration. This lung volume is the 

functional residual capacity (FRC). Aspiration of alveolar gases 

by airway suctioning could result in alveolar collapse, airway closure, 

a decrease in FRC, and consequent arterial hypoxemia. 

Statement of the Problem 

Studies that have examined the potentially harmful sequelae 

of airway suctioning have suggested that arterial hypoxemia may be a 

contributing factor. However, the physiologic basis for suction-

induced arterial hypoxemia has never been clearly defined. This 

study sought to determine whether a change in FRC occurs after airway 

suctioning, and to determine whether suet ion-induced arterial hypoxemia 

was related to changes in FRC. Functional residual capacity was 

measured in mongrel dogs who were intubated and mechanically ventilated. 

1  
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Although currently accepted airway suctioning procedures for patients 

include the use of hyperinflations with oxygen between the negative 

pressure suctioning, hyperinflations were not given to the dogs so 

that a possible confounding effect increased FRC due to hyperinfla

tions would not occur. 

Any potential increase in arterial oxygen tensions that would 

result from hyperinflations with oxygen was also avoided. Thus, the 

effects of airway suctioning alone on the lung volumes and arterial 

oxygen tensions were examined without any therapeutic measures that 

could possibly lessen or prevent side effects. 

Research Questions 

The questions this study sought to answer are: (l) Are there 

significant changes in FRC and arterial oxygen tension values induced 

by airway suctioning? (2) Will FRC and arterial oxygen tension return 

to pre-suctioning values over time? and (3) Is there a relationship 

between alterations in FRC and arterial oxygen tension? 

Significance of the Problem 

Airway suctioning by the application of negative pressure for 

the aspiration of secretions is an integral part of the treatment of 

many pulmonary diseases. There have been a number of studies of the 

effects of airway suctioning on arterial oxygen tensions. However, 

there is no documentation of the relationship between airway suction

ing and changes in FRC, and between FRC and arterial oxygen tensions 

pre- and post-suctioning. The conclusions drawn from this study may 



provide the objective information needed to evolve a suctioning pro

cedure that would be based in scientific fact and that would provide 

optimal safety to patients needing airway suctioning. 

Theoretical Framework 

The theoretical framework for this study was based upon the 

documented principle that airway suctioning reduces arterial oxygen 

tension (Brandstater and Muallem, 1969; Skelley, Deeren and Powaser, 

1980; Woodburne and Powaser, 1980). Some possible physiologic mechan

isms for the fall in arterial oxygen tension were examined. 

Effects of Airway Suctioning Treatments Upon 

Alveolar Collapse and Arterial Oxygen Tensions 

One physiologic effect of suctioning that has been frequently 

documented is the occurrence of temporary arterial hypoxemia after 

suctioning (Adlkofer and Powaser, 1978; Skelley et al., 1980; Woodburne 

and Powaser, 1980). Skelley et al. (1980) found that the greatest 

decrease in arterial oxygen tensions occurred 30 seconds after the 

suctioning procedure with subsequent stabilization below pre-suctioning 

levels for time periods of up to five minutes. Woodburne and Powaser 

(1980) found that arterial oxygen tensions remained lower than pre-

suctioning levels for 30 minutes after suctioning in spite of the 

administration of hyperinflations from either a mechanical ventilator 

or standard manual resuscitation bag prior to the suctioning. They 

postulated that one mechanism responsible for the fall in arterial 

oxygen tension may be alveolar collapse and airway closure to intra-

pulmonary gas aspiration. 
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Brandstater and Muallem (1969) studied the effects of negative-

pressure airway suctioning on infants. The presence of alveolar 

collapse after suctioning was hypothesized. The assumption was based 

on the decrease in tidal volume delivered at the peak limit of infla

tion pressure with the Bird^ ventilator or the increase in transpul-

monary pressures in infants being ventilated at constant volumes with 

a Harvard^ small-animal ventilator. The infants who were ventilated 

with the Bird^ ventilator commonly demonstrated decreases in tidal 

volume of between 40 to 50 percent post-airway suctioning. Infants 

ventilated with the Harvard^ ventilator demonstrated increases in 

transpulmonary pressures following airway suctioning that ranged 

between 15 and 60 percent of pre-airway suctioning levels. The 

researchers found that the smaller tidal volumes after airway suction

ing continued until higher inflation pressures or larger tidal volumes 

were applied to the infants. In infants ventilated with the Bird^j^ 

ventilator, failure of the tidal volume to return to pre-suctioning 

levels was observed up to one-half hour post-suctioning. Brandstater 

and Muallem (1969) inferred that the increase in transpulmonary 

pressures and the decrease in tidal volumes were a manifestation of 

alveolar collapse but no objective measurements of pulmonary compliance 

or FRC were done. In spite of the fact that adults were not included 

in the study, it is possible that a similar mechanism of post-

suctioning alveolar collapse also occurs in adult patients. 

One explanation for the probable alveolar collapse observed 

in the infants studied by Brandstater and Muallem (1969) may be a 1ack of 



collateral ventilation. Murray (1976) described the presence of 

alveolar pores of Kohn located in intraalveolar septa of most mammals 

including man. He stated that the pores are absent during the pre

natal and newborn periods. Menkes and Traystman (1977) also describe 

intraalveolar pores and stated that they are absent at birth and 

increase in number and size by one year of age. The two researchers 

state that when airways are obstructed, the collateral ventilation 

between obstructed and non-obstructed areas maintain ventilation. 

If alveolar collapse occurs after airway suctioning, perhaps the 

absence of collateral ventilation in infants contributes to its 

pathogenesis. 

Although the relationship of airway suctioning itself on 

arterial hypoxemia has been examined, the components of the entire 

airway suctioning procedure need to be evaluated as to the effects 

of between-suctioning hyperinflations on arterial oxygenation as well 

as on lung volumes. Virtually every critical care unit procedure for 

airway suctioning for the intubated patient involves either adminis

tering manual ventilations with a resuscitation bag or re-attaching 

the patient to mechanical ventilation for two or three breaths while 

performing suctioning. 

Fell and Cheney (1971) studied the effects of hyperinflation 

on arterial oxygen tensions. They discovered that patients who had 

received hyperinflations with 100% oxygen had a rise in oxygen 

tensions following hyperinflations followed by a drop in oxygen ten

sions 15 seconds after suctioning. The group of patients who did 
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not receive hyperinflations before suctioning also showed a decrease 

in oxygen tension 15 seconds post-suctioning although the group of 

patients who had received hyperinflations had arterial oxygen tensions 

100 mmHg higher than the non-hyperinflation group. Seven of the 18 

patients in the non-hyperinflation group had oxygen tensions of less 

than 65 mmHg. Perhaps the hyperinflations with oxygen prevented 

declines in arterial oxygenation both by the delivery of oxygen to the 

alveoli between suctioning and by oreventinga decline in FRC. Within the 

group receiving hyperinflations there was no difference in the rate 

or amount of decline in arterial oxygen tensions with insufflation of 

oxygen down a sidearm of the suction catheter. In the present study, 

effects of hyperinflations between suctioning were eliminated so that the 

change in both FRC and arterial oxygen tension from pre- to post-

suctioning could be observed without possible variability from suction

ing technique. 

Possible Physiologic Bases for 
Suction-Induced Arterial Hypoxemia 

One mechanism responsible for arterial hypoxemia may involve 

the diffusion of gas from a collapsing alveolus into pulmonary 

capillary blood. When intrapulmonary gases are aspi rated from the a i rways, 

the volume of intrapulmonary gas remaining in alveoli distal to the 

airways could be depleted. Airway closure could also occur. 

Because of inadequate regional alveolar ventilation, the 

remaining alveolar gas mixture distal to partially or completely 

collapsed airways could have a below normal oxygen concentration and 
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an above-normal carbon dioxide concentration. The trapped alveolar 

gas could become sequestered, could reach an equilibrium with 

alveolar-capillary blood and could diffuse to the pulmonary capillary. 

Thus, a state of perfusion of alveoli without adequate ventilation 

would exist; venous admixture could be increased and the amount of 

arterial hypoxemia could occur. 

Although there are no existing scientific data available, there 

does seem to be indications that airway suctioning causes some airway 

closure which could lead to a decreased FRC. The airway closure 

seemingly occurs even without underlying pulmonary dysfunction. The 

infants that Brandstater and Muallem (1969) studied suffered from 

severe tetanus neonatorum but had normal lungs as judged by clinical 

and radiologic examination. An unexpected finding in that study was 

that conditions the authors defined as typical of lung collapse, as 

previously stated, continued for up to one half-hour after airway 

suctioning in spite of mechanical ventilatory measures taken to 

correct the collapse. The time needed for the lungs to return to re-

expand after alveolar collapse post-airway suctioning may be much 

longer in patients with pulmonary disease. Patients with pulmonary 

disease who require frequent airway suctioning may have chronically 

low lung volumes and continued arterial hypoxemia. 

Another possible mechanism for the presence of post-suctioning 

arterial hypoxemia could involve a reflex bronchoconstriction of the 

airway caused by mechanical stimulation. The introduction of a suction 

catheter into the airway could provide the stimulus for reflex 



bronchoconstriction. Woodburne and Powaser (1980) attempted to 

isolate the relative effects of hypoxemia resulting from broncho-

constriction secondary to mechanical stimulation of the airway with 

a catheter during suctioning. Arterial blood gases were drawn just 

prior to, 15 seconds post- and 30 minutes after the introduction of 

a suction catheter into the airway without the application of nega

tive pressure. These researchers found that there was no statistical 1 

significant difference between the fall in arterial oxygen tensions 

during suctioning or during catheter insertion without suctioning. 

Other studies have shown that mechanical stimulation of the 

airways with such irritants as aerosols of charcoal and inert dusts 

have produced an increase in airway resistance. The introduction of 

a foreign object such as a suction catheter into the airway could trig 

ger the same response as other noxious stimuli. Perhaps the stimula

tion of irritant receptors could play a role in this response. 

Stimulation of the receptors, located in the airway, results in cough 

and, indeed, cough is a common patient response to airway suctioning. 

A reflex bronchoconstriction could also result. If the broncho-

constriction continues over a period of time, ventilation could be 

decreased and arterial hypoxemia could occur. 

Summary 

The role of arterial hypoxemia in the side effects of airway 

suctioning has been studied although the relationship of arterial 

hypoxemia to changes in FRC has not been studied. The possible 
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physiologic side effects of airway suctioning such as alveolar 

collapse and decreased FRC have been hypothesized but never objec

tively defined. Arterial hypoxemia has been found to occur in 

patients both with and without underlying pulmonary disease. In 

patients with pulmonary disease, the susceptibility of alveoli and 

airways to collapse post-suctioning could be greater as could the 

possibility of a decreased FRC post-suctioning. The ensuing arterial 

hypoxemia and other side effects could even be life-threatening. 

Therefore, knowledge of the changes in FRC in response to airway 

suctioning in essentially normal lungs and without the use of between-

suctioning hyperinflations with oxygen could provide a basis for 

speculating upon airway suctioning effects on FRC and arterial oxygen 

tensions in pulmonary disease. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

A summary of literature pertinent to (l) the effects of airway 

suctioning on arterial oxygenation and alveolar collapse, and (2) other 

possible factors involved in airway suctioning side effects is pre

sented. 

The Effects of Airway Suctioning on Arterial 
Oxygenation, FRC and Alveolar Collapse 

Fell and Cheney (1971) studied the progression of arterial 

oxygen tensions before and after suctioning in 26 patients who were 

in varying degrees of respiratory failure. Of the 26 patients, 18 

were being mechanically ventilated. The patients were divided into 

two groups. All patients were suctioned for 15 seconds. Arterial 

blood gas samples were obtained prior to the suction period, after 

hyperinflations in the group receiving them, and 15, 30 and 60 

seconds after suctioning. The suction catheters*used on all of the 

patients were #10 French catheters with 2.1» mm. diameter sidearms that 

extended to the catheter tips. In one group of patients, suctioning 

took place after one minute of hyperinflation with 100% oxygen and 

without oxygen insufflation through the catheter. In the second group 

of patients, hyperinflations were not done prior to suctioning. 

Suctioning in this group was done both with and without oxygen insuf

flation from the sidearm during the application of suction. There was 
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a rise in mean arterial oxygen tensions pre-suction in the group 

receiving hyperinflations with 100% oxygen followed by a decrease in 

mean oxygen tensions after 15 seconds of suctioning as compared to 

oxygen tensions acquired pre-suctioning after the hyperinflations. 

The group of patients who did not receive hyperinflations also showed 

a decrease in mean arterial oxygen tensions after 15 seconds of 

suctioning. Oxygen insufflation by the sidearm did not change 

arterial oxygen tensions significantly and thus did not affect the 

results in any of the studies. Based upon data showing there was 

an increase of 100 mmHg between pre-hyperinflation and post-

hyperinflation mean arterial oxygen tensions, the authors concluded 

that hyperinflations with 100% oxygen prior to airway suctioning is 

necessary. Another factor that contributed to the authors' conclusion 

was that there was a 100 mmHg difference between post-suctioning mean 

arterial oxygen tensions in the group of patients that received hyper

inflations and the group that received no hyperinflations. 

Woodburne and Powaser (1980) examined the duration and 

mechanism for the sustained fall in arterial oxygen tensions after 

endotracheal suctioning in three mongrel dogs. The animals were 

spontaneously breathing for a portion of the study and then underwent 

controlled mechanical ventilation for the remainder of the study. The 

three dogs underwent seven protocols. All protocols involved the use 

of a ti\k French catheter and a suction machine that generated up to 

170 mmHg pressure. In Protocol I, the dogs were spontaneously breath

ing and suctioned for 10, 15 or 30 seconds. Protocol II involved 
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insertion of the suction catheter into the airway during spontaneous 

breathing without application of suction for 15 seconds. In Protocol 

III, after breathing spontaneously, a 15-second suctioning was per

formed, followed by one hyperinflation from a manual resuscitation 

bag 170 seconds post-suctioning. In Protocol IV, a 1:800 Isoproterenol 

mist treatment was given on the mechanical ventilator for 10 minutes 

followed by a 10 minute rest and airway suctioning for 15 seconds. 

Protocol V was identical to Protocol IV except that the suction Catheter 

was inserted into the airway but no suction was applied. In Protocol 

VI, the dog's breathing was controlled by the mechanical ventilator 

delivering room air. Three hyperinflations of room air were delivered, 

then suction for 15 seconds was applied. Immediately after suctioning, 

the dog was returned to mechanical ventilation. Protocol VII involved 

room air mechanical ventilation, insertion of the suction catheter 

without applied suction for 15 seconds, then immediate return to 

mechanical ventilation. With each protocol, arterial blood samples 

were obtained for analysis of arterial oxygen tensions before suction 

(control) and after pre-suctioning hyperinflation, as well as 30, 90, 

180, and 300 seconds post-suctioning. Samples were also drawn seven, 

10, 15 and 30 minutes post-suctioning on some protocols. 

The results of the protocols are presented below. With 

Protocol I, arterial oxygen tensions fell significantly from control 

in all dogs after suctioning arid remained low 15 minutes post-airway 

suction. Duration of suctioning did not make a significant difference 

in the magnitude of the fall in arterial oxygen tensions. Arterial 
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oxygen tension after the 10-second and 30-second suction duration 

returned to above control values by 30 minutes post-suctioning. 

With Protocol II, there was no statistically significant difference 

in arterial oxygen tensions between catheter insertion with and with

out suction applied, except at the 30-minute post-suctioning interval. 

At that point, the arterial oxygen tension derived from the catheter 

insertion without suctioning was significantly higher. In Protocol 

III, hyperinflations delivered post-suctioning, generated only a 

5 mmHg rise in arterial oxygen tension. At 30 minutes, only one dog 

had an arterial oxygen tension greater than control. Protocols IV and 

V demonstrated that, overall, pretreatment of the airway with Isopro

terenol did not prevent the fall of arterial oxygen tension. There 

was also no difference in arterial oxygen tensions between suctioning 

and non-suctioning in these protocols. In dogs receiving mechanical 

ventilation, control arterial oxygen tensions were higher than in 

spontaneously breathing dogs. In Protocol VI, three hyperinflations 

with room air pre-suctioning resulted in a rise in arterial oxygen 

tensions just after the hyperinflations. However, post-suctioning 

arterial oxygen tensions decreased significantly and remained below 

control throughout the data col lection-period in spite of reconnection 

to the mechanical ventilator. 

Based upon data collected, the authors came to several con

clusions. The first was that, since patterns of arterial oxygen falls 

were similar with 10 and 30 second suctioning, the mechanism responsi

ble for the fall must occur early in the suctioning period and be more 



pronounced with longer durations of suctioning. Hyperinflation 170 

seconds after suctioning, in Protocol III, caused only a minimal 

transient increase in arterial oxygen tensions. This finding did not 

support the authors' hypothesis that reflex airway dilation and posi

tive airway pressure would reverse the drop in arterial oxygen tension 

post-suctioning. The authors concurred with previous investigators 

and stated that hyperinflations, as in Protocol VI, did not prevent 

the fall of arterial oxygen tensions post-suctioning. Although 

arterial oxygen tensions fell significantly post-suction from control 

values with every protocol, the severity of the falls was not as great 

when the dogs received hyperinflations. 

Peterson, Pierson and Hunter (1979) studied the effects of 

nasotracheal suctioning on arterial oxygen saturation (SaO^) as mea

sured by ear oximetry in 31 stable hospitalized patients. In phase 

one of the study, 21 patients underwent 15 seconds of negative-pressure 

nasotracheal suctioning after receiving 100 percent oxygen hyperinfla

tions from an anesthesia bag for one minute. Measurements of Sa02 

were taken both before and after the hyperinflation as well as imme

diately following withdrawal of the suction catheter and again after 

receiving hyperinflations from the anesthesia bag. In phase two, 10 

patients were suctioned, as in group one, but the phase two subjects 

had a "control" period following pre-oxygenation where supplemental 

oxygen was removed for one minute without catheter entry into the 

trachea and negative pressure application. In each study phase, the 

patients served as their own controls. In the pre-suctioning 
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hyperinflation, suctioning, and post-suctioning hyperinflation 

phases, the SaC^ increased by three percentage points then decreased 

by a similar amount during each suction catheter pass. The second 

phase of the study was undertaken to assess the possible effect of 

supplemental oxygen removal alone on the pattern of desaturation. 

In all phase two patients, the mean SaC^ after hyperinflations was 

two percentage points higher than the pre-hyperinflation SaC^ while 

suctioning caused a mean decrease of four percentage points from the 

post-hyperinflation values. 

The authors found that falls in SaC^ were not solely due to 

removing the supplemental oxygen. Although the SaC^ did drop after 

removing the oxygen, the SaC^ never fell below pre-hyperinflation 

values. When suctioning was done, SaC^ dropped to below pre-

hyper i nfl at ion values in seven out of 10 cases. The authors concluded 

that significant arterial desaturation can occur during nasotracheal 

suctioning and that side effects of suction are not restricted to 

instances where artificial airways are in place. They suggested the 

administration of supplemental oxygen in conjunction with suctioning 

and encouragement of deep breathing by patients to simulate hyperinfla

tions . 

Adlkofer and Powaser (1978) examined the effects on arterial 

oxygen tensions of preoxygenation using hyperinflation versus no 

preoxygenation with hyperinflation before the introduction of the 

suction catheter into the airway and the application of negative 

pressure suctioning. The sample consisted of 64 patients who had 
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undergone cardiac surgery and who were on mechanical ventilation. 

Arterial blood samples were drawn from an arterial catheter for 

analysis of arterial oxygen tension; samples were taken before 

suctioning, after each suction catheter pass, 30 seconds and 60 

seconds post-suctioning. In the group receiving preoxygenation 

the patients received hyperinflations either with "sighs" from the 

ventilator without increasing the inspired oxygen concentration, or 

by a manual resusitation bag that was connected to an oxygen source 

prior to, and between suction catheter passes. The other group received 

no hyperinflations or "sighs" before suctioning and were merely 

placed back on the ventilator at pre-suctioning settings between 

suction catheter passes. 

The authors found significant decreases in arterial oxygen 

tensions during the first suction catheter pass in the group that 

received no preoxygenation . Those patients whose arterial oxygen 

tensions dropped more than 20 mmHg from suction had the fastest oxygen 

tension drop. Contrary to other investigators, the authors found a 

negative correlation between suction duration and arterial oxygen 

tensions in that as suction duration increased, the rate of arterial 

oxygen tension fall decreased. Arterial oxygen tensions fell signi

ficantly after each suction catheter pass and remained significantly 

decreased even 60 seconds post-suctioning. In contrast, the group of 

patients who received preoxygenation and hyperinflation before 

suctioning did not have a statistically significant change in arterial 

oxygen tensions immediately after the first and second suction catheter 
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pass. Arterial oxygen tensions measured 60 seconds post-suctioning 

were significantly lower than preoxygenation values but the magni

tude of the fall was much less than the fall in arterial oxygen 

tensions after suctioning where no preoxygenation was done. 

Skelley et al. (1980) examined the effects of two pre

oxygenation methods on the change in arterial oxygen tensions during 

and after suctioning. Eleven patients, on assisted mechanical 

ventilation, were suctioned according to three protocols: suctioning 

without preoxygenation, one hyperinflation with 100% oxygen prior to 

suctioning, and three hyperinflations with 100% oxygen prior to suc

tioning. Arterial blood samples for analysis were obtained prior to 

the hyperinflation(s) and 30, 90 and 180 seconds after suctioning. 

The authors found that endotracheal suctioning without preoxygenation 

caused significant, variable decreases in arterial oxygen tensions at 

the 30 second time interval. There was a moderate correlation between 

pre-suctioning arterial oxygen tension values and the slope of fall 

in tensions at 30 seconds with no preoxygenation. Preoxygenation 

with one hyperinflation with 100% oxygen produced a significant rise 

in arterial oxygen tensions but a decline to below pre-suctioning 

oxygen tension levels at 90 and 180 seconds. When three hyperinflations 

with 100% oxygen prior to suctioning were delivered, all patients 

exhibited a significant rise in arterial oxygen tensions immediately 

after suctioning. At 90 and 180 seconds post-suctioning, arterial 

oxygen tensions were not significantly different from control oxygen 

tensions. The authors noted that this study did not try to 
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differentiate the effects of hyperinflations alone from the effects 

of hyperinflations with high-flow oxygen. They concluded that hyper

inflations with oxygen prior to suctioning are necessary to forestall 

untoward side effects of suctioning. 

Brandstater and Muallem (1969) studied the relationship of 

airway suctioning to alveolar collapse (atelectasis), as reflected in 

decreased tital volume and increased transpulmonary pressure, on six 

newborn infants. All of the infants were being treated with muscle 

relaxants and mechanical ventilation while recovering from tetanus 

neonatorum. A 5 cm balloon was placed in the lower esophagus for 

measurement of transpulmonary pressure in those infants being mechani

cally ventilated with a Harvard^ small animal ventilator. With 

the infants in a supine position, negative pressure airway suctioning 

was done for three to four seconds with a #5 French vinyl feeding 

tube. In infants ventilated with the Bird^pressure ventilator, the 

authors defined post-suctioning atelectasis as a decrease in tidal 

volume when the peak limit of inflation pressure was kept constant. 

In infants being ventilated with the Harvard^ small animal volume 

ventilator, post-suctioning atelectasis was defined as an increase 

in the transpulmonary pressure during constant tidal inspiration. 

During suctioning with infants on the Bird^ ventilator, post-

suctioning tidal volumes decreased by amounts of between 25 and 70 

percent of pre-suctioning tidal volumes, with falls of kO to 50 per

cent being common. Infants ventilated on the Bird^ ventilator 

had tidal volumes lower than those obtained pre-suctioning for periods 
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as long as one half-hour post-suctioning. Infants ventilated with 

the Harvard^ ventilator at fixed volumes had increases in trans-

pulmonary pressures post-suctioning between 15 and 60 percent above 

pre-suctioning transpulmonary pressures. These pressures eventually 

retreated from post-suctioning immediate peaks but stablized well 

above pre-suctioning levels. These results were interpreted as alveo

lar collapse. Brandstater and Muallem (1969) noted that the effects 

of suctioning were greater when the time of negative pressure airway 

suctioning was prolonged and when a large suction catheter was used. 

Branstater and Muallem also found that changes in transpulmonary 

pressure or tidal volume could be reversed with deep breaths, each at 

an inflation pressure of 25 cm 1^0 pressure maintained for two seconds. 

Another group of researchers studied the effects of changes 

in airway pressure exerted on alveoli, airways and FRC from a differ

ent perspective. Rose, Downs and Heenan (1981) examined the effects 

of temporary removal of patients from mechanical ventilation with 

positive and expiratory pressure (PEEP). They found that FRC decreased 

between 16 and 28 seconds after PEEP was removed and when PEEP was 

reinstituted, FRC returned to initial levels between 12 and 18 

seconds. The researchers asserted that, below a certain volume, 

alveoli and airways tend to collapse and only re-expand at much 

higher airway pressures. In order to recruit collapsed or fluid-

filled alveoli it is necessary that alveoli not totally collapsed 

be overdistended. Rose et al. (1981), maintain that patients being 

mechanically ventilated with PEEP should not be removed from 



mechanically ventilated with PEEP should not be removed from mechani

cal ventilation for any reason. 

Other Possible Factors Involved in Airway 
Suctioning Side Effects 

The side effects of airway suctioning could be due to con

trollable factors such as the duration of each introduction of the 

suction catheter into the airway with application of negative pres

sure, the velocity of the negative pressure applied and the suction 

catheter size relative to the inner diameter size of the airway. 

Brandstater and Muallem (1969) and Woodburne and Powaser 

(1980) studied the effects of varying lengths of time that negative-

pressure suctioning was applied to the airway. Based upon their 

findings, Brandstater and Muallem (1969) asserted that alveolar collapse 

is increased with an increased duration of suctioning time. After 

suctioning durations of 10, 15 and 30 seconds, Woodburne and Powaser 

(1980) found no significant differences in the falls of arterial oxy

gen tensions although, at 30 minutes post-suctioning, only arterial 

oxygen tensions from the 15 second suctioning duration had not re

turned to pre-suctioning levels. This information caused Woodburne 

and Powaser (1980) to speculate that the mechanism for the fall in 

arterial oxygen tensions must be affected early in the suctioning 

period and increased with an increased duration of suctioning. 

Although the effects of the velocities of the negative pres

sure applied to the airway have not been specifically studied, none 

of the studies used a suction pressure greater than 170 mmHg. It 



would stand to reason, however, that a large amount of negative 

pressure applied to the airway might cause either more intrapulmonary 

gas expulsion or the expulsion of gases from lung areas more distal 

to the suction catheter. 

Brandstater and Muallem (1969) postulated that alveolar 

collapse would be more extensive and ventilation compensated further 

by occlusion of the airway with a large-lumened suction catheter. 

Speculation was that an airway inner diameter/outer airway suction 

catheter lumen ratio of less than 2:1 could cause an increased occlu

sion of the airway during suctioning. Inspiration of gases from the 

atmosphere would be impossible. The result could be increased alveo

lar collapse and a decrease in FRC. Although scientific documenta

tion of this phenomenon has not been done, most researchers and 

clinicians follow Brandstater and Muallem (1969) recommendations for 

catheter lumen size. 



CHAPTER 3 

METHODOLOGY 

In this chapter, the research design, sample characteristics, 

description of measurement, protocol and method for data analysis 

are presented. 

Research Design 

To describe the effects of airway suctioning upon FRC and 

arterial oxygenation, FRC and arterial oxygen tension measurements 

were done on anesthetized dogs who were being mechanically venti

lated. Pre- and post-suctioning measurements were done on each dog 

which, therefore, served as its own control. A study protocol was 

submitted to and approved by the University of. Arizona Laboratory 

Animal Committee (Appendix A). 

Six adult mongrel dogs were placed in the supine position 

and anesthetized with Sodium Pentobarbital in a dosage of approxi

mately 30 ml/kg of body weight. The dogs were intubated with #8 mm 

internal diameter endotracheal tubes, placed on a Bennett MA-1 ̂  

mechanical ventilator and ventilated at a frequency of 10-15 breaths 

per minute and a tidal volume of 12 ml/kg. An arterial catheter was 

inserted in a femoral artery for arterial blood samples. 
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Suctioning Treatment 

For each suctioning treatment, the dog was removed from 

mechanical ventilation and a suction catheter was advanced into the 

airway to a depth of approximately 20 inches or until obstruction 

was felt. During introduction of the catheter into the airway, no 

negative pressure was applied and the dog was able to breathe spon

taneously around the catheter. Once the catheter had been advanced 

to the maximal depth, intermittent negative pressure was applied by 

periodic obstruction of the sidearm orifice as the catheter 

was withdrawn. Negative pressure did not exceed 170 mmHg and the 

time period that negative pressure was applied to the airway did not 

exceed ten seconds. After the suction catheter was withdrawn, the 

dog's airway was left open to the atmosphere for 10 additional 

seconds. (if the dog was unable to breathe spontaneously, mechanical 

ventilation was applied for the 10 seconds.) Next, the suction 

catheter was again introduced into the airway and the airway suction

ing repeated. The airway suctioning and spontaneous breathing steps 

were repeated again for a total of three suction catheter introduc

tions into the airway with suctioning and three ten-second periods of 

spontaneous breathing after the suctioning. 

Measurements 

Measurements of functional residual capacity (FRC) were ob

tained by using the closed-circuit helium dilution method first 

described by Laws (1968) and modified by Suter and Schlobohm (197*0. 

Suter and Scholbohm (197^) state that the modified closed-circuit 



helium dilution method has several advantages: (l) the FRC measure

ments may be done while the subject is being mechanically ventilated 

using the same fraction of inspired oxygen, tidal volumes and respira

tory rates that were used prior to the study; (2) the subject can 

continue to receive intermittent positive pressure breaths with posi

tive end expiratory pressure (PEEP); (3) the subject remains connected 

to the ventilator for the FRC measurement and (*») the subject can 

continue to initiate the inspiratory phase of the ventilatory cycle 

during the measurements. 

The closed-circuit helium dilution method of measuring FRC 

estimates the volume of gas in the lungs and airways at the beginning 

of the measurement. Helium gas was used because it is insoluble, 

that is, the gas does not leave alveoli to dissolve into either blood 

or lung tissue. The principle behind the closed-circuit helium 

dilution method is as follows. A known volume and concentration of 

a helium/oxygen mixture is inspired from the spirometer by the sub

ject. When the concentration of helium between the subject and 

helium dilution circuit is equal (equilibration), the FRC can be com

puted since the total amount of helium is unchanged, and is merely 

equilibrated in a new larger volume which is the sum of the FRC and 

the initial spirometer volume. 

Description of the Helium 
Dilution FRC Circuit 

The helium dilution circuit used for the FRC measurements 

consisted of a portable 9-liter Warren Col 1 ins/C\spirometer, a 
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Warren Collins^ helium analyzer, a Beckman E2 Oxygen Analyzer^, 

and a circulation pump. A number of one-way valves within the FRC 

circuit assured unidirectional flow of the gases from the spirometer 

throughout the circuit. The connection of the ventilated dogs to 

the FRC ci rcui t was made by turning two two-way val ves (Figure 1). The 

FRC circuit included a self-inflating 2-liter resuscitation bag in 

an airtight "box." The box had two openinps, one of which connected 

the bag to the FRC circuit and the other which connected the ventila

tor tubing with the space surrounding the bag. During the FRC measure

ment, the pre-determined tidal volume was delivered from the ventila

tor into the space in the box that surrounded the bag. The bag was 

then compressed with each ventilation delivered to the box from the 

mechanical ventilator thereby delivering a tidal volume to the dog. 

The circulation of the gas through the FRC circuit was a result of 

compressions of the resuscitation bag as well as the operation of 

the circulation pump. The inspiratory and expiratory sides of the 

circuit were connected by a Sierra^ valve. This T-shaped valve 

operated by obstruction of the expiratory outlet on inspiration and 

inspiratory inlet obstruction on expiration. The gas mixture passed 

through a carbon dioxide absorber within the bell of the spirometer 

before returning to the inspiratory side of the circuit. During gas 

mixing, the Sierra^ valve was bypassed by rubber tubing that 

connected the inspiratory and expiratory sides of the FRC circuit. 

During the FRC measurement, the rubber tubing was clamped, thus allow

ing the movement of air from the dogs into and throughout the circuit. 
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Figure 1. Helium Circuit Used for Measurement of Functional 
Residual Capacity (FRC). 
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Preparation of the Circuit for 
the FRC Measurement 

Prior to studying each dog, the FRC circuit was connected to 

the dog|s own ventilator circuit. The dog was connected to the 

mechanical ventilator/FRC circuit throughout the treatment. Between 

all FRC measurements, the two two-way valves on the mechanical venti-

lator/FRC circuit were rotated such that the dog breathed on the 

mechanical ventilator portion of the circuit only, bypassing the bag-

in-the-box FRC circuit and the Sierra^ valve. The FRC portion of 

the circuit was checked for leakage of gas by placing one-kilogram 

weights on top of the spirometer bell and observing the spirometer 

tracing. A change in the baseline spirometer tracing of greater than 

three mm/min was indicative of an unacceptable leak. Next, after no 

leaks were observed, the baseline with no volume in the spirometer 

bell was recorded as the "original baseline" on the data collection 

sheet (see Appendix B). 

Next determination of the tidal volume the dog would be 

breathing on the FRC circuit was done. For this maneuver, room air 

was added to the spirometer bell. Using a Wright^ respirometer 

between the ventilator tubing airway adapter and the endotracheal 

tube, the tidal volume delivered from the ventilator to the dog was 

measured. The two-way valves were then rotated such that the dog was 

breathing room-air from the FRC circuit. The volume delivered to the 

"box" from the ventilator was then increased until the tidal volume 

delivered to the dog was the same as that delivered when not on the 



FRC portion of the circuit. This maneuver was necessary to compen

sate for volume loss in the FRC circuit due to tubing compliance. 

After the dogs were once again breathing on the ventilator 

circuit, approximately 600 c.c.'s of helium were added to the spiro

meter bell to attain a helium concentration between 11 and 15 percent 

within the FRC circuit. Oxygen was added to the FRC circuit to attain 

a concentration of between 30 and 50 percent. The oxygen concentra

tion was thus sufficient to meet the oxygen consumption demands of 

the dog while on the FRC circuit. Next, while the anesthetized dog 

breathed from the ventilator portion of the circuit, the helium and 

oxygen gases were purged throughout the FRC circuit. Mixing of the 

gases through the circuit was accomplished by manual compressions 

of the bag-in-the-box with a manual resuscitation bag as well as with 

the circulation pump. 

When the helium concentration of the gas mixture did not 

change over a 30 second period, as read off the helium analyzer, 

equilibration of the helium was achieved. The initial helium con

centration was then recorded. At this time, the pre-measurement 

baseline was read off the spirometer paper and recorded on the data 

collection sheet as was the oxygen concentration of the gas mixture. 

Next, at end-expiration, the two two-way valves in the mechanical 

ventilation/FRC measurement circuit were rotated such that the dog 

was was switched into the FRC circuit and the mixing bypass was 

changed. At this time, tidal volumes delivered from the mechanical 

ventilator to the bag-in-the-box were increased as previously 



determined. The dog continued to breathe on the FRC circuit until 

the helium concentration on the analyzer indicated equilibration. 

The final helium concentration was then recorded as well as the final 

baseline on the spirometer paper and oxygen concentration. The dog 

was then turned back into the mechanical ventilation portion of the 

circuit by turning the two-way valves off to the FRC portion of the 

circuit and ventilator settings were returned to pre-measurement 

parameters. 

Description of the FRC 
Calculation 

To obtain the actual FRC measurement, baseline readings from 

the spirometer paper were recorded prior to the addition of helium 

and oxygen, prior to turning the dog into the FRC circuit for the 

measurement and just prior to returning the dog to the ventilatory 

portion of the circuit. The oxygen concentrations of the FRC circuit ... 

were recorded at the same time as the baseline readings. Initial 

helium concentrations (He.) were recorded as were the final helium 

concentrations after the FRC measurement (He^). Because of oxygen 

uptake and the addition of carbon dioxide into the circuit by the dog 

during the FRC measurement, the fraction of inspired oxygen withing 

the FRC circuit changes over the course of the measurement. Since the 

measurement of helium by the analyzer is systematically affected by 

changes in the fraction of inspired oxygen, a regression equation was 

developed to derive a corrected helium concentration (Hecorr) from the 
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helium concentration recorded on the analyzer and the oxygen concen

tration 'n t*ie circuit. 

Prior to the actual treatment sessions, several samples of 

various helium and oxygen mixtures from the FRC circuit were measured 

with a mass spectrometer. For each sample, the circuit's helium con

centration on the analyzer was recorded (He ) as well as the circuit's 
an 

oxygen concentration. The relationship of He to He ' andF.0„ 
r corr an I 2 

was analyzed using a polynomial regression analysis and the following 

relationship was derived: 

He = He + .67219 + (.08133 x F.Oj - (.00147 x F,0„2) 
corr an I Z I L 

The corrected initial and final helium concentrations were then placed 

in the FRC calculation. Other measurements included in the FRC calcu

lation included the residual apparatus space volume (RAS), the circuit 

dead space volume (Vp) and the switching error (Vx). The residual 

apparatus space volume was defined as the volume of gas contained in 

the FRC circuit with no volume in the bell. This volume was constant 

and was 4.382 liters. The circuit dead space was defined as the por

tion of the circuit between the airway adapter and the connection 

between the ventilator tubing and the two-way valve. The switching 

error was defined as the volume of gas mixture above FRC that may be 

noted when turning the dog into the FRC circuit before end-expiration. 

The initial, pre-measurement and post-measurement baseline 

values were recorded in order to derive the volumes needed to be 

placed into the FRC calculation. The volume of gas in the spirometer 



bell (Vg) was derived by calculating the difference between the base

line reading on the spirometer paper before the addition of any gases 

and the baseline reading after the helium and oxygen had been added 

to the spirometer bell. The difference, measured in millimeters, was 

multiplied by the spirometer bell factor of 20.73 c.c.'s per milli

meter. Once the corrected helium concentrations and spirometer 

volumes were computed, the values were incorporated into the FRC calcu

lation (Figure 2). 

Acquisition of Arterial 
Blood Samples 

Just prior to each FRC measurement, a one c.c. sample of 

arterial blood was drawn from an indwelling arterial line. Arterial 

oxygen and carbon dioxide tensions were measured. The blood samples 

obtained were numbered sequentially with the pre-suctioning arterial 

blood sample being number one, 10 ten-minute post-suctioning arterial 

blood sample number two and so on. The arterial blood samples were 

processed on an Instrumentation Laboratories^ model 1303 arterial 

blood gas analyzer according to routine procedure of the hospital 

pulmonary function laboratory. Each arterial oxygen and carbon dioxide 

tension was noted on the data collection sheet. 

Calculation of the Change i n  

Arterial Oxygen Tensions 

Each arterial oxygen tension measurement obtained was evaluated 

by utilizing the abbreviated alveolar air equation. The equation was 

used to account for the effects of varying carbon dioxide levels on 
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He. (RAS - Vj 
FRC = —•—• — - V, - RAS -

He^ f 
Vn - V D x 

Key: He. 
= 

initial helium concentration 

Hef 
= 

final helium concentration 

RAS 
= 

residual apparatus space 

VB 
= 

volume of gas in the spirometer 
the FRC measurement 

bell before 

Vf 
= 

volume remaining in the bell at 
FRC measurement 

the end of the 

VD 
= 

circuit dead space 

V 
X 

= 
switching error 

Figure 2. Formula Used for Calculations of Functional Residual 
Capacity (FRC) • From Suter and Schlobohm (1S7*0-
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the oxygen tensions. All arterial blood samples were drawn while 

the dog was ventilated at an of .21. Also, because the dog 

received no food or fluids for at least 16 hours before the study 

and, thus, was probably metabolizing body proteins for nourishment, 

a respiratory quotient of one could be assumed. The equation is 

presented below: 

Partial pressure 
of alveolar oxygen { Barometric _ Water Vapor Pressure Pressure 

carbon dioxide 
x .21)- tension 

1 

Changes in arterial oxygen tensions were then expressed as changes 

in a lveolar -  arterial oxygen tension gradient (A-aDC^). A  l a r g e r  

gradient indicated a lower arterial oxygen tension. 

Protocol 

Each dog underwent the research protocol outlined below: 

1. Fifteen minutes prior to the suctioning treatment, the dog 

was given pentobarbital anesthesia in doses small enough to affect 

a loss of consciousness but without complete suppression of ventila

tory effort. The dogs were placed on a Bennett MA-1^ mechanical 

ventilator in the assist/control mode and ventilated with an oxygen 

concentration of 21% (room air). The ventilator was adjusted as to 

permit the dog to initiate breaths and a back-up ventilatory rate of 

10 breaths per minute was set. Tidal volume on the ventilator was set 

to deliver approximately 12 ml/kg body weight. An arterial catheter 

was also placed in the femoral artery. 

/ 
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2. After placing the don on the venti lator, A Wright ̂ respi rom-

eterwasplaced in the circuit tubing and the tidal volume actually 

being delivered from the ventilator was measured. Then, the valves 

on the ventilator/FRC circuit were turned such that the dog was 

breathing room air on the FRC circuit for several breaths. This 

maneuver was done to monitor tidal volumes delivered through the cir

cuit. As necessary, the amount of tidal volume delivered from the 

ventilator to the circuit was adjusted to maintain pre-FRC measure

ment tidal volumes. The FRC circuit was then prepared as previously 

d i scussed. 

3. An arterial blood sample was drawn while the dog was venti

lated on room air. Immediately after the arterial blood sample was 

drawn, a pre-suctioning FRC measurement was done. 

k. Immediately after the FRC measurement, the dog was placed 

back on ventilator with room air while the FRC circuit was being 

prepared for the next measurement. 

5. Immediately after preparation of the FRC circuit (approxi

mately 5-8 minutes) the dog was suctioned according to the procedure 

outlined in the "Treatment" section. 

6. Immediately post-suctioning, while the dog was breathing 

spontaneously on room air a second arterial blood sample was drawn 

followed by a second FRC measurement. 

7. At twenty minutes post-suctioning, a third arterial blood 

sample was drawn while the dog was ventilated on room air, followed 

by an FRC measurement. 



8. Fifteen minutes after the third set of arterial blood sample 

and FRC measurement was done, the entire protocol was repeated. 

9. Upon completion of the repeated protocol steps the arterial 

catheter was removed and the spontaneously-breathing dog was removed 

from mechanical ventilation and allowed to regain consciousness. In 

dogs not breathing spontaneously, mechanical ventilation was continued 

until consciousness was regained to the point where spontaneous ven

tilations resumed. 

Data Analysis 

The data from this study were analyzed in terms of the differ

ences in FRC and A-aDO^ values at each measurement time. Immediate 

post-airway suctioning values were substracted from pre-airway suction

ing values; twenty minutes post-airway suctioning values were sub

tracted from pre-airway suctioning values, and 20 minutes post-airway 

suctioning values were subtracted from immediate post-airway suction

ing values. The data obtained on FRC and A-aDC^ values were analyzed 

using a one-way analysis of variance for repeated measures. The 

relationship between changes in FRC and changes in A-aDC^ after airway 

suctioning were analyzed using the Pearson r and Spearman r scores 

(Haber and Runyon, 1977). A paired t-test for differences was done 

on each of the two variables to compare the relationships over the 

three time periods. 



CHAPTER 4 

PRESENTATION AND ANALYSIS OF DATA 

In this chapter characteristics of the sample, statistical 

analyses of the FRC and A-aD02 measurements and correlations between 

FRC and A-aD02 are presented. 

Characteristics of the Sample 

The study sample consisted of six dogs. All of the dogs were 

female with a mean weight of 18.9 kg and with a range of 16.6 to 25 kg. 

None of the dogs had known lung disease. When suctioned, dogs two 

and six had moderate amounts of golden secretions while the other 

four dogs had no secretions. All of the dogs were intubated with 

endotracheal tubes ranging in size from six to nine mm internal 

diameter. All dogs also received intravenous anesthesia with Pento

barbital in doses of between 29-^8 mg/kg body weight. All dogs 

assisted the mechanical ventilator throughout the study and breathed 

spontaneously when taken off of the ventilator for airway suctioning. 

All dogs had an indwelling arterial catheter placed in a femoral 

artery for blood gas sampling throughout the study. 

Statistical Analysis of the FRC Measurement 

Measurements of FRC were done pre-airway suctioning, immediately 

post-airway suctioning and twenty minutes post-airway suctioning on 

each dog. Originally all six dogs underwent the airway suctioning 
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protocol twice. However, inordinately large FRC values were obtained 

during five of the original treatment sessions. Those values 

(greater than 2.6 liters) were believed to be measurement error and 

were eliminated from further analysis. In the five omitted treatments, 

three dogs demonstrated a decrease in FRC post-airway suctioning and 

two demonstrated an increase in FRC post-airway suctioning. The 

following data analysis is based on both treatments in one dog and only 

the second treatment in the other five dogs. 

The pre-suctioning mean FRC for the dogs was 1.^85 liters 

with a range of 0.871 to 1.818 liters; the mean FRC immediate post-

airway suctioning for the dogs was 1.69^ liters with a range of 0.700 

to 2.513 liters. Twenty minutes post-airway suctioning, the mean FRC 

was 1.362 liters with a range of 1.103 to 1.560 liters. Data obtained 

from the FRC measurement pre-airway suctioning, immediate post-airway 

suctioning and twenty minutes post-airway suctioning were reported 

in raw form (Table l). Data analysis was done in terms of the differ

ence in FRC from pre-airway suctioning to immediate post-airway 

suctioning, from pre-airway suctioning to 20 minutes post-airway 

suctioning and from immediate post-airway suctioning to 20 minutes 

post-airway suctioning. 

The FRC data were analyzed using a one-way analysis of variance 

for repeated measures. There was no statistically significant differ

ence (p = .368) between the three FRC measurements for the dogs. 

Paired t-tests for differences were done on the FRC measurement data 

and showed no statistical significant difference between any of the 
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Table 1. Functional Residual Capacity Measurements. Functional 
residual capacity measurements reported in liters for 
each subject pre-airway suctioning, immediate post-airway 
suctioning and 20 minutes post-airway suctioning. 

Dog Number 
Pre-Ai rway 
Suctioning 

Immediately 
Post-Ai rway 
Suctioning 

20 Minutes 
Post-Ai rway 
Suctioning 

1 1.995 1.028 1.260 

2A" 1.077 1.890 1.103 

2B* 0.871 0.700 1.480 

3 1.475 2.513 1.560 

k 1. 845 2.045 1.326 

5 1.317 1.624 1.519 

6 1.818 2.062 1.289 

" The FRC measurement was acceptable for both treatments in Dog #2. 
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three time periods. Therefore, no statistically significant change 

in FRC after suctioning was identified. However, when each airway 

suctioning treatment was considered separately, the FRC was higher 

immediate post-airway suctioning than it had been pre-airway suction

ing in five of the seven measurements. There was a trend toward 

higher FRC measurements immediate post-airway suctioning in this 

study. In comparing FRC measurements between pre-airway suctioning 

and 20 minutes post-airway suctioning, FRC was decreased in three 

measurements, increased in two measurements and unchanged in two 

measurements. In five of the seven measurements, FRC decreased from 

immediate post-airway suctioning to twenty minutes post-airway suction

ing. In one measurement, FRC increased from immediate post-airway 

suctioning to twenty minutes post-airway suctioning. In three of 

seven FRC measurements, FRC at 20 minutes post-airway suctioning 

was higher than pre-airway suctioning FRC; in three measurements, FRC 

at 20 minutes post-airway suctioning was less than pre-airway suction

ing FRC and in one measurement, the FRC was unchanged. 

Statistical Analysis of the 
Arterial Oxygen Tensions 

The A-aD02 was calculated for each arterial oxygen tension 

in order to eliminate changes due to changes in carbon dioxide 

tensions (Table 2). The A-aD02 values were analyzed only on those 

treatments where FRC was acceptable. The pre-airway suctioning 

A-aD02 mean of the sample was 21 mmHg with a range of 1.21 mmHg and 

22.63 mmHg; the mean A-aD02 immediate post-airway suctioning was 
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Table 2. Alveolar Minus Arterial Oxygen Tension Measurements. 
Alveolar minus arterial oxygen tension measurements for each 
subject pre-airway suctioning, immediate post-airway suc
tioning and 20 minutes post-airway suctioning. 

Dog Number 
P re-A i rway 
Suet ion ing 

Immediately 
Post-Ai rway 
Suctioning 

20 Minutes 
Post-Ai rway 
Suctioning 

1 20.58 31.81 24.88 

2A * 22.01 14.68 2.78 

2B " 7.26 19.56 23.00 

3 8.26 18.28 12.91 

k 15.03 17.58 20.53 

5 15.36 23.93 27.91 

6 1.21 12.13 - 5.37 

The alveolar minus arterial oxycjen tension measurements were 
acceptable for both treatments in dog #2. 



in 

28 mmHg with a range of between -5.37 mmHg and 31.81 mmHg; twenty 

minutes post-suctioning, the mean A-aDC^ was 22 mmHg with a range 

of between 2.87 mmHg and 27.91 mmHg. The immediate post-

airway suctioning value that was negative was the result of possible 

measurement error or presence of air in the syringe, which made the 

reported arterial oxygen tension higher than the alveolar oxygen 

tension. The A-aDC^ pre-airway suctioning, immediate post-airway 

suctioning and twenty minutes post-airway suctioning was reported 

and data analysis performed in terms of the change in A-aDC^ from 

pre-airway suctioning to immediate post-airway suctioning, pre-airway 

suctioning to twenty minutes post-airway suctioning and immediately 

post-airway suctioning to 20 minutes post-airway suctioning. 

The A-aDC^ measurements were analyzed using a one-way analysis 

of variance for repeated measures. There was a slight trend (p = 

.0863) for A-aD02 to change over time. The data were then subjected 

to a paired t-test for differences between time periods and showed 

no statistical significance. When evaluating each airway suctioning 

treatment separately, A-aDt^ levels increased in six of the seven 

groups of measurements between the pre-airway suctioning and imme

diate post-airway suctioning by a mean of 9 points. In five of the 

seven A-aDC^ measurements, A-aDC^'s remained at levels higher than 

the pre-airway suctioning baseline even at 20 minutes post-airway 

suctioning by a mean of 8.25 points. 

Therefore, there was a trend for the A-aD02 to increase and 

arterial oxygen tension to decrease between pre-airway suctioning 



and immediate post-airway suctioning. There was also a trend toward 

levels of A-aDC^ remaining above and arterial oxygen tensions remain

ing below those obtained pre-airway suctioning. 

Correlations Between FRC and A-aDOg 

Correlations between FRC and A-aDOg were done by computing 

the differences in FRC and A-aDO^ between the three measurements 

of each variable in each individual treatment and deriving a relation

ship between the variables. With each variable, the difference 

between pre-airway suctioning and immediate post-airway suctioning, 

the difference between pre-airway suctioning and 20 minutes post-

airway suctioning and the difference between immediate post-airway 

and 20 minutes post-airway suctioning were evaluated using the 

Pearson r and Spearman r scores (Haber and Runyon, 1977). The corre

lation between pre-airway suctioning and immediate post-airway suction 

ing between FRC and A-aD02 measures was -.^56 which demonstrated a 

negative relationship. The correlation between pre-airway suctioning 

and 20 minutes post-airway suctioning was +.2h6 which demonstrated 

no significance. The correlation between immediate post-airway and 

20 minutes post-airway suctioning was +.161 which demonstrated no 

significance. There appears to be no relationship between the change 

in FRC and the change in A-aD02 between pre-airway suctioning, imme

diate post-airway suctioning and twenty minutes post-airway suctioning 



CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

The findings of this study are compared and contrasted with 

those of other researchers. Some possible physiologic mechanisms 

contributing to the findings of this study are addressed and the 

implications for health professionals are discussed. Lastly, recom

mendations are made for further study of the effects of airway 

suctioning on patients both with normal and abnormal pulmonary 

parenchyma. 

Differences in Alveolar and Arterial Oxygen 
Tension Values Pre- and Post-Airway Suctioning 

As found in previous studies (Fell and Cheney, 1971; Woodburne 

and Powaser, 1980; Peterson et al., 1979; Adlkofer and Powaser, 1978; 

Skelley et al., 1980) the present study documented a fall in arterial 

oxygen tensions post-airway suctioning as evidenced by increased A-aD02 

values from pre-airway suctioning. Fell and Cheney (1971) demonstrated 

a fall in arterial oxygen tensions post-airway suctioning in two groups 

of patients, despite hyperinflations with 100% oxygen that were 

administered to one group (p < .01). The fall in arterial oxygen 

tensions also took place despite oxygen insufflation that was done 

in both groups. Woodburne and Powaser (1980) studied the changes in 

arterial oxygen tensions from pre- to post-airway suctioning under a 

variety of circumstances such as the different durations of negative 



pressure application, the delivery of hyperinflations ei thermanually 

or from the mechanical ventilator, pre-airway suctioning treatment 

with aerosolized bronchodilators and suction catheter insertion without 

the application of negative pressure in the airway. In all of the 

above circumstances, there were falls in arterial oxygen tensions post-

airway suctioning. In all circumstances but the 10-second suctioning 

duration, the 30-second suctioning duration and one instance of post-

airway suctioning delivery of hyperinflation, arterial oxygen tension 

levels remained lower than pre-airway suctioning values at 30 minutes 

post-airway suctioning. Peterson et al. (1978) found that nasotracheal 

suctioning led to oxygen desaturation post-airway suctioning in spite 

of hyperinflations pre-airway suctioning (p - 0.001). Adlkofer and 

Powaser (1978) found that arterial oxygen tensions decrease signifi

cantly post-airway suctioning (p - 0.001) although the decrease was 

less precipitous in the group of patients who had received preoxygena

tion with hyperinflations than the group that had received no preoxy

genation (p < 0.05). Skelley et al. (1980) also examined the change 

in arterial oxygen tensions between pre- and post-airway suctioning. 

One group received pre-airway suctioning hyperinflations with 100% 

oxygen. The researchers found that hyperinflations pre-airway 

suctioning caused a rise in arterial oxygen tensions immediately post-

airway suctioning but that, by 90 seconds post-airway suctioning, 

arterial oxygen tension values had dropped to below pre-airway suction

ing levels. 
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In the present study, all but one of the A-aDt^ values were 

elevated immediately post-airway suctioning, signifying an increase 

in the difference between alveolar and arterial oxygen tensions or a 

decrease in arterial oxygen tensions. In the present study, the dogs 

suctioned had no known pulmonary disease. Perhaps the degree of sig

nificance (p = .0863) could be a result of normal to optimal alveolar 

ventilation even during and after airway suctioning. Perhaps airway 

suctioning of dogs with diseased pulmonary parenchyma would have 

shown a larger difference in A-aDC^ values pre- to immediate post-

suctioning. 

The present study also demonstrated that, even at 30 minutes 

post-airway suctioning, A-aDO^ values were higher than they had been 

pre-airway suctioning. Thus, the possibility exists that whatever 

physiologic mechanism in the lungs is responsible for the continued 

increases of A-aDC^, it resolves only over a prolonged period of time. 

In acutely-ill patients who require airway suctioning more frequently 

than every 30 minutes, there may be no opportunity for arterial 

oxygen tensions to return to safe levels and the dangerous systemic 

effects of airway suctioning may be even more prevalent. 

The protocol for the present study did not include the use of 

hyperinflations at any time during airway suctioning. Thus, any 

effects that the delivery of hyperinflations, either with or without 

oxygen, might have on A-aD02 values were avoided. Based upon other 

studies (Adlkofer and Powaser, 1978; Fell and Cheney, 1971; Peterson 

et al., 1979; Skelley et al., 1980; Woodburne and Powaser, 1980), the 
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assumption could be made that since the groups not receiving pre

oxygenation with hyperinflations had much greater falls in arterial 

oxygen tensions post-airway suctioning, the immediate post-airway 

suctioning increases in A-aDO^ values in the present study should 

have been statistically significant. A possible explanation for this 

study's lack of significant findings could have been that since the 

dogs were breathing spontaneously during suctioning, the dogs could 

have been "hyperinflating" themselves by taking deep breaths between 

negative pressure applications. Thus, perhaps the spontaneous deep 

breaths between applications of negat i ve oressure coul d have served to 

re-expand any partially or ful ly col lapsed alveol i and airways and main

tain ventilation in the healthy dogs. 

Differences in Functional Residual Capacity from 
Pre-Airway Suctioning to Post-Airway Suctioning 

Although changes in FRC from pre- to post-airway suctioning 

have not been documented in the literature, some researchers did study 

suctioning effects on lung collapse. Brandstater and Muallem (1969) 

examined airway suctioning effects on neonates with tetanus but who 

also had non-diseased lungs. They found significant decreases in 

tidal volumes and increases in transpulmonary pressure from pre- to 

post-airway suctioning, as evidenced by the need for higher inspiratory 

pressures from the mechanical ventilator to maintain the pre-airway 

suctioning tidal volumes after airway suctioning. Brandstater and 

Mual lem observed that the post-ai rway suctioning parameters remained elevated 

unt i 1 e i ther vent i latory i nfl at ion pressures or ti da 1 vol umes were i ncreased. 



A possi bleexplanation for the Brandstater andMuallem (1969) findings 

may be that the immature pulmonary system may lack intercommunicating 

channels of ventilation between alveoli that could maintain the inte

grity of an alveolus distal to a collapsed airway. In the mature 

lung these intercommunicating channels, such as alveolar pores of 

Kohn, serve to provide gas movement between alveoli and, thus possibly 

prevent col lapse. Murray (1976) stated that these channels are absent 

during the prenatal and newborn period. 

The possibility exists that during acute pulmonary dysfunction 

in the adult, such factors as infection, increased secretions or 

decreased surfactant may render mature pulmonary systems susceptible 

to serious alveolar and airway collapse. Rose et al. (1981) studied 

the effects of acute respiratory failure on FRC. The researchers 

asserted that, once airway and alveolar collapse had occurred in 

pulmonary dysfunction, re-expansion could occur only when inspiratory 

pressures were increased to levels high enough to overdistend alveoli 

that remain open and recruit previously-collapsed alveoli. 

In the present study, there was no significant change in FRC 

from pre- to post-airway suction (p = .3682). In all measurements 

except in two subjects, FRC actually increased by varying degrees 

from pre- to post-airway suction. A possible explanation for the 

increase in FRC values may be that the simple introduction of the 

suction catheter into the airway may have caused bronchospasm, 

possibly from irritant receptor stimulation. Traver (1982) stated 

that the mechanical stimulation of irritant receptors can result in 



cough and expiratory constriction. Perhaps the constriction, over 

time, could increase resistance during expiration and cause some 

pulmonary hyperinflation, which would increase FRC. Another possible 

mechanism for the increased FRC may involve recruitment of previously-

collapsed alveoli. Although all of the dogs were ventilated at 

approximately 12 c.c.'s/kg, it was noted that the respiratory efforts 

and chest expansion made by the dogs during the actual suctioning 

period appeared greater than those made while on mechanical ventila

tion. Perhaps the deep breaths taken by the dogs served to recruit 

partially-collapsed areas of the lungs and elevate FRC. 

Relationship between FRC and 
A-aDC^ Measurements 

The present study attempted to describe a possible relation

ship between the decrease in FRC and the increase in A-aDC^ post-

airway suction. The data obtained however, disproved any relationship 

between the changes in FRC and A-aDf^ values from pre- to post-airway 

suction. Therefore, this study tended to support a finding that the 

difference between alveolar and arterial oxygen tension does increase 

from pre- to post-airway suctioning and remains increased even after 

thirty minutes post-airway suctioning. However, the physiologic mech

anism for the rise in A-aDC^ values post-airway suctioning was not due 

to a decreased FRC. The increase in A-aDC^ values immediate post-

airway suctioning as well, as 30 minutes post-airway suctioning, 

despite corresponding increased in FRC post-airway suctioning, may 

be the consequence of bronchospasm post-airway suctioning. The 
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bronchospasm could lead to increased ventilation in the face of normal 

perfusion, which would create an increase in venous admixture and 

arterial hypoxemia. 

Limitations of the Study 

The possibility exists that the high variability between FRC 

measurements could have been partially attributed to measurement 

error. Several factors may have contributed to the range of FRC 

measurements obtained in the present study. First, the helium 

circuit used in FRC measurement had a residual apparatus space volume 

of 4.382 liters. Because of the large volume, the time necessary for 

helium equilibration was considerably longer than the four to seven 

minutes usually expected. The average FRC of the sample was .731 

liters. Thus, wi th the large residual apparatus space volume, subtle 

changes in the helium concentration indicative of a small but signi

ficant change in FRC may not have been as apparent as needed. The 

pump that was used to circulate the helium and oxygen through the 

circuit transported the gases slowly so equilibration was slowed as 

wel 1. 

A second possible source of measurement error in the FRC 

circuit w^s leakage of gas volume from the circuit. By nature of 

the circuit's structure, there were numerous connections between the 

circuit tubing and component parts of the circuit. Even slight areas 

of leakage had the potential for causing non-equilibration of helium 

circuit or measurement error. In spite of tight connections and 

careful surveillance of the circuit, a leak of 2 mm/min was present 
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and unavoidable. Whether the leaks caused an error in the measure

ment of the FRC values that were eliminated from the study was not 

known. 

There was also a possibility that multiple FRC measurements 

at each time interval could have increased the liklihood of reproduci

ble and reliable FRC values. However, the protocol outlined in this 

study was not conducive to multiple FRC measurements. The prolonged 

time needed for separate measurements would have eliminated any post-

airway suctioning effects on FRC. 

Clinical Implications 

The present study failed to describe significant changes in 

FRC and A-aD02 values from pre- to post-airway suctioning. In spite 

of the study findings, some relevant issues can be discussed. 

The present study did find that, in the majority of instances, 

A-aD02 values did increase from pre- to post-airway suctioning and 

remained higher for 30 minutes after airway suctioning. Patients 

who suffer from pulmonary disease and who need frequent airway suc

tioning may, therefore, be highly vulnerable to dangerous cardio

pulmonary effects of continued arterial hypoxemia. Nurses need to 

be keenly aware of the patient's medical status and understand that 

such sequelae as ventricular arrhythmias and cardiopulmonary arrest 

could take place even 30 minutes after airway suctioning. If 

patients need suctioning every 30 minutes or more frequently, close 

monitoring of arterial oxygen tensions should be done at least until 

a definite pattern of arterial oxygen tension changes before and 



after airway suctioning can be established. Since arterial oxygen 

tensions decreased post-airway suctioning even in dogs with normal 

lungs, nurses should be aware of the consequences of airway suction

ing in patients with diseased lungs. Education of other members of 

the health care team in the observation of patients for dangerous 

responses to airway suctioning is another role the nurse needs to 

fulfill in delivering optimal care to patients who require frequent 

airway suctioning. 

Suggestions for Further Study 

Additional studies of the effects of airway suctioning upon 

the pulmonary system are needed in order to promote hospital proce

dures for airway care based upon physiologic data. Studies of 

functional residual capacity using the closed-circuit helium dilution 

technique should be done with a minimal amount of tubing that is less 

than l£" in diameter between the circuit components so that the total 

circuit volume would not be inordinately large. Perhaps circuit 

connections that would be permanent could be glued together to pre

vent undue circuit leakage. Both of these interventions could improve 

the quality of the FRC measurement. If feasible, repeated measures 

of FRC at the time intervals would also increase validity. 

Several suggestions for further study could be explored. A 

study could be done comparing the effects of airway suctioning on 

FRC measurements between subjects with normal and diseased lungs. 

Also, a comparative study describing the effects of two techniques 

of airway suctioning on FRC measurements would be appropriate. Two 



varieties of airway suctioning techniques could involve either the 

administration of non-administration of hyperinflations with oxygen 

from a manual resuscitation bag or mechanical ventilator before, 

between and after negative pressure application during airway suction

ing. Another possibility for a research study could involve the 

effects of temporary removal of a patient from mechanical ventila

tion with positive end-expiratory pressure (PEEP) on FRC measure- : 

ments. The duration of the effect could be studied as well as the 

intensity of the effect. Another study could involve observation of 

the patient temporarily removed from mechanical ventilation with 

PEEP for airway suctioning and a description of FRC changes. A 

comparative study of the effects of two accepted techniques of airway 

suctioning with patients ventilated with PEEP would be appropriate. 

Perhaps comparison of changes in FRC in patients ventilated with 

PEEP who are removed from mechanical ventilation for airway suction

ing versus airway suctioning without removing the patient from 

mechanical ventilation could be done. The study could provide 

objective data to shed light on the controversy surrounding the 

effects of removal of a patient from mechanical ventilation with 

positive end-expiratory pressure for any procedure including airway 

suctioning. 

Of course, any FRC study that would be done would need to 

include corresponding studies of arterial oxygen tensions. It would 

be logical to assume that when the FRC is decreased because of 

alveolar collapse and airway closure, ventilation would be compromised 



and A-aDl^ values would increase. Perhaps, with a better helium 

dilution circuit for the measurement of FRC, there would be more 

reliable data for comparison. 

The more knowledge that can be gained concerning the effect 

of airway suctioning on FRC and arterial oxygen tensions, the better 

the techniques for airway suctioning on patients with increased 

secretions and pulmonary dysfunction that can be evolved. Nurses 

who care for acutely-ill patients need to be aware of the physiologic 

implications of procedures such as airway suctioning in order to 

guarantee safe and optimal patient care. 
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LABORATORY ANIMAL PROGRAM DESCRIPTION 

The University of Arizona 

The information provided below is essential. It enables the University of Arizona 
to comply with requirements of NIH, OHHS, and the Federal Animal Welfare Act. NIH 
accepts grant proposals only from institutions in compliance. 

X NON-FUNDED RESEARCH PROJECT 

TEACHING PROJECT 

GRANT PROPOSAL 

PROJECT/COURSE TITLE "Effect of Airway Suctioning.on Functional Residual 

Capacity and Arterial Oxygenation in Dogs" 

PRINCIPAL INVESTIGATOR/INSTRUCTOR Theresa Huenchau, R.N. 

CO-INVESTIGATORS Rayle Traver, R.N., M.S.N. - Stuart Quan, M.D. 

GRANTING AGENCY 

Briefly describe the project or class as it pertains to animals (What will be done 
with animals in this program?). The dogwill be anesthetized and put on a mechanical 

ventilator. An arterial line will be inserted. A functional residual capacity 
will then be done and an arterial blood gas drawn. The don will then be removed- -
from mechanical ventilation and suctioned. After returning to mechanical ventila
tion, the FRC and ABO will be repeated. 

List species to be used with a short explanation ot" the reason that species was 
selected. 

Dogs will be used because of ease of intubation, pulmonary similarities to 
humans, availability and cost. 

Note any extraordinary considerations inherent in this program (use of radioisotopes, 
infectious or toxic agents, special diet, special caging, etc.). 

None 

Are adequate facilities for housing animals available? X Yes No Where? 
Animal Resources Department 

Will animals be maintained in the investigator's lab, or teaching lab, at any time? 

Yes X No 

If Yes, Room No. , Building 

Over 

1 



Win any surgical procedures be involved? ,x Yes No 

If Yes, list anesthetic and/or analgesic to be used Sodium Pentobarbital 

Does this project require any surgical procedure without full anesthesia? 

Yes X No. If Yes, please explain and justify. 

What method will be used 1n terminating animals? 
Animals will not be terminated. 

Number of animals to be used 10 

SPECIES TOTAL NO. MAXIMUM NO. PERIOD SPECIES 
PER YEAR ON HAND 

PERIOD 

Doas 10 10 Sept.-Oct. 1982 

* 

If any variations occur in use of anesthetic, analqesic, or tranquilizer drugs from 
those described above or in the UNIVERSITY ANESTHESIA GUIDE, I will reoort them to a 
member of the University Laboratory Animal Committee. 

Dr. Douglas H. McKelvie, Chm. 
Dr. Albert I. Picchioni 
Dr. Raymond E. Reed 

Dr. Gladys E. Sorensen 
Dr. Newell A. Younggren 
Dr. Michael A. Wells 

APPROVALS: DISAPPROVAL: 

Principal Investigator/Instrutfja^0 

fif 
Member, University Laboratory 
Animal Conmittee or Referee 

Departmprft Head 

— Date_ 9//^ //"Z-
Member, University Laboratory 
Animal Committee or Referee 
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Dog Number 

Date 

Weight 

Ventilatory Status 

Ventilatory Volume 

Comments 



Dog Number 

Date 

Time Treatment Began_ 

Original Baseline 

Suctioning Treatment 

Pre-suctioning: 

FRC 

Arterial Oxygen Tens ion jnmHg PCO2 

Pre-measurement baseline 

FJ02 of circuit 

Cl-

C2-

Post-measurement baseline 

Post-measurement FJ0£ of circuit_ 

Immediately Post-suctioning 

FRC L 

Arterial Oxygen Tension mmHg PCO2 

Premeasurement baseline 

Fj 0^ of circuit 

Cl-

C2-

Post-measurement baseline 

Post-measurement F^O^ of circuit_ 



Twenty Minutes Post-suctioning; 

FRC L 

Arterial Oxygen Tension mmHg 

Pre-measurement baseline 

F^ of ci rcui t 

Post-measurement baseline 

Post-measurement of circuit 
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