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ABSTRACT 

The Lapidus Airfloat System was evaluated to determine 

if it would be a source of bacterial contamination to the 

patient utilizing it. The Lapidus Air Pump Unit (LAP) 
3 

filtered air containing >100 cfu/ft of air and delivered 
3 

air containing <1 cfu/ft to the alternating pressure pad 

mattress. The LAP did not cause an increase in cfu at floor 

or bed level during use. The complete system when evaluated 

during patient use was shown to actually lower the number of 

cfu in the air at floor and bed level. Thus, the evaluation 

indicated that under the conditions of testing, the Lapidus 

Airfloat System would not be a contributing source of 

patient contamination, if used per manufacturer's recom¬ 

mendations. 
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CHAPTER I 

INTRODUCTION 

The establishment of decubitus ulcers (pressure sores 

or bedsores) among patients in hospitals and nursing homes 

has continued over the years in spite of widespread atten¬ 

tion to proper nursing care. It has been estimated that 

each patient who develops a decubitus ulcer increases the 

cost of a medical care program by $5,000.^'2 This figure 

does not include the investment of countless hours of work 

by medical personnel and the loss of working days by the 

patient. It is impossible to estimate personal suffering; 

because once a decubitus ulcer is established, its cure may 

require many months in the hospital at great monetary and 

psychological expenses.3/4 

In general most methods of treatment have been un¬ 

satisfactory for patients spending long periods of time in 

hospitals. The most common program is the frequent turning 

and massage of the bedfast individual. This regimen is 

usually incorporated into routine nursing care. Unfor¬ 

tunately, this is a time-consuming and often neglected 

duty. 

Several new systems have been developed which combine 

the concepts of (1) relieving pressure points by weight 

1 
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dispersion and (2) air circulation to promote drying and 

to prevent masceration of the tissue. Systems incorporating 

these principles have been found to be effective in the 

prevention and care of decubitus ulcers. 

The Lapidus Airfloat System (LAS), a high air loss 

alternating pressure pad, is representative of this type of 

medical device. The use of a multiphased system to limit 

decubitus ulcers has led to more effective management of 

5 
this tenacious problem. 

Due to the air loss design of this system, it has been 

implicated as possibly predisposing patients to infection 

during its utilization. The introduction of any device or 

technique into the hospital environment must be accompanied 

by some assurance that it will not serve as a vehicle of 

microbial contamination. This was pointed out by Knight 

and Riley, who have indicted various pieces of equipment as 

7 8 
primary routes of nosocomial infection. ' 

The LAS circulates air through a series of air tubes 

that alternately inflate. The tubes are perforated with air 

holes that permit air to escape into a porous foam cushion 

on which the patient lies. The pump unit for the LAS is 

placed on the floor beside or under the patient's bed. The 

pump unit draws air in at floor level to use for inflation 

of the mattress and to reduce m.oisture buildup on the 

pat lent. 
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Airborne bacteria carried by lint and dust are major 

sources of contamination in the hospital environment. The 

heavier particles fall and settle on horizontal surfaces, 

while the lighter particles remain suspended. The floor is 

the largest horizontal area to contain settling bacteria, 

and consequently air at or near floor level will be of the 

lowest quality in the room. The implications of utilizing 

air of this quality are many, and because of this, an 

in-depth study into the effects of the LAS on the patient's 

immediate environment was warranted.^ 



CHAPTER II 

LITERATURE REVIEW 

When a patient is confined to bed, physiological 

changes occur which can cause pathological conditions such 

as the decubitus ulcer (pressure sore, or bedsore). These 

ulcers have plagued the chronically ill and debilitated 

patient throughout time. They prolong length of hospital 

stay, interfere with rehabilitation and have been implicated 

12 
as a frequent factor leading to patient death. 

Decubitus ulcers are common among patients in hospitals 

and nursing homes, especially when combined with orthopedic 

or geriatric disorders. The incidence of pressure sores per 

year is increasing and it has been correlated to the in- 

13,14 
crease in life expectancy. 

Bardsley demonstrated that over an 18-month period, 

4,874 patient days (13.3 patient years) were lost from 

active therapy and rehabilitation due to decubitus ulcers. 

Schell and Wolcott have estimated that each patient who 

develops a decubitus ulcer increases the cost of a medical 

care program by $5,000.^^'^^ It is impossible, however, 

to estimate the personal suffering due to delayed release, 

extended separation from family and the possibility that the 

ulcer will further jeopardize the patient's health. 

4 
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Decubitus ulcers are localized areas of cellular 

necrosis. These lesions occur in areas of the skin which 

have been deprived of a blood supply for sufficient time to 

cause anoxia. Two concurring factors are (1) exclusion of 

blood from skin by pressure and (2) disruptive forces which 

damage and deprive blood supply to the skin.^^ 

When pressure is unevenly distributed and localized, a 

pressure gradient is induced within the tissues. A pressure 

difference of 50 mm Hg (one pound per square inch) has been 

found to alter human tissue inducing pathological changes. 

If the cells cannot receive nutrients plus oxygen and 

eliminate metabolites and carbon dioxide, then alteration of 

the cells will occur, and severe or prolonged interference 

leads to cell death. 

Damage is most often related to areas over bony promi¬ 

nences which have been subjected to pressure for varying 

lengths of time,^^ the two most frequent locations being 

the heels and sacral area. Damage to tissues is most intense 

at the surface and diminishes with depth. 

The initial skin breakdown can occur in 6 to 12 hours 

even in a healthy person. If the patient is in shock or has 

been within the previous 48 hours, the skin breakdown occurs 

much more rapidly, possibly in less than a half hour.20 

The first sign of breakdown is a red area of skin that 

blanches under pressure. If the pressure continues, the 

area would turn a dusky, cyanotic blue-gray and fails to 
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blanch under pressure, which indicates capillary blockage. 

The first stage is the loss of the surface layers of the 

epidermis. This consists of blistering, followed by the 

progressive death of underlying tissues as they become 

affected by the full pressure. Infection can be avoided, 

if the skin remains intact, but once the skin breaks, 

infection will probably set in and, together with anoxia, 

- ^ 21 
decompose the fatty tissue. 

Factors other than pressure responsible for the forma¬ 

tion of decubitus ulcers are: shearing force, heat (fever), 

moisture, friction, hygiene, nutrition, anemia, infection 

22 
and loss of mobility. 

Shearing force is an important factor in the formation 

of decubitus ulcers. When the patient’s head is elevated, 

a greater force is placed on the sacral area by dragging of 

the skin across the bed. This shearing force can immedi¬ 

ately damage the skin. To avoid this phenomenon, the 

patient's head must be kept elevated less than 30® or must 

be raised to a sitting position with the patient supported 

under the knees to prevent slipping. 

Heat in the form of fever is known to cause cellular 

metabolic deficiencies by increasing the rate of the body's 

utilization. This increases oxygen demand, which due to 

23 
pressure has already been limited. 

Moisture in the form of perspiration or incontinence of 

urine reduces the resistance of the skin to other physical 
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factors, Exton-Smith et al. found that incontinent patients 

had the highest risk of developing pressure sores. In his 

sample, 69 percent of the patients with decubitus ulcers 

were incontinent and only 28 percent of patients without 

.25 
sores were incontinent. 

Friction injury usually results in loss of skin and 

possible skin breakage. Any break in the integrity of the 

skin surface predisposes the patient to infection, edema and 

increased moisture. But friction alone has little effect on 

the dermis or deeper tissue. 

Hygiene is an important physical factor; proper hygiene 

can be effective in decreasing the bacterial flora of the 

skin. When smaller numbers of bacteria are present on the 

skin, they are less likely to localize and cause infection 

• u • ^ • 26 in ischemic tissues. 

Poor general nutrition results in loss of subcutaneous 

tissue, weight and muscle atrophy. These occurrences reduce 

the adipose tissue used for mechanical padding between the 

skin and underlying bones, further heightening the effects 

of pressure. The more specific nutritional deficiencies, 

hypoproteinemia and ascorbic acid deficiency, interfere 

with tissue integrity. When the body lacks nitrogen by 

inadequate intake or unusual loss, a negative nitrogen 

balance ensues. Healing will not occur when a patient is 

27 
in negative nitrogen balance. Vitamin C (ascorbic 

2 8 
acid) was essential in the prevention of decubitus ulcers. 
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Anemia or anoxemia with its reduced delivery of oxygen 

will further retard cellular metabolism and tissue necrosis 

becomes more imminent under these conditions. Resistance 

to infection and repair of tissues is dependent on the 

29 
patient's supply of healthy tissue and its oxygen supply. 

The loss of mobility has the effect of combining many 

factors, and together these contribute to an even greater 

tendency toward^ skin breakdown. All of the weight is 

limited to certain areas and due to a lack of stimuli the 

patient realizes an increased incidence of decubitus ulcer 

formation. It was found by Exton-Smith and Sherwin that 

many patients make spontaneous movements during sleep, which 

change the body position enough to prevent tissue damage. 

Patients whose mobility scores were high did not develop 

bedsores and those with low or falling scores did develop 

pressure sores. It was concluded that patients who were 

immobile (low mobility scores) sustained serious tissue 

damage at night because of extended periods of localized 

30 
pressure. 

Any patient who exhibits symptoms typical of decubitus 

ulcer formation should be given added attention. The best 

way to treat a decubitus ulcer is to prevent it from 

forming. ^ 

Once a decubitus ulcer is formed or the patient is 

judged a high risk many preventive and treatment procedures 

can be implemented. The literature is flooded with articles 



9 

attesting to the benefits of various techniques of preven¬ 

tion and treatment, yet the problem of decubitus ulcers 

remains to be solved. 

Various topical agents have been employed with some 

success. Exton-Smith conducted a survey of 250 patients, 

using 14 different preparations of various types. He found 

that most had no effect on prevention of decubitus ulcers. 

Witch hazel was found to have a harmful effect, increasing 

the patient's tendency to ulcerate, whereas zinc cream was 

found to have a beneficial effect, although controlled 

trials were needed to confirm these findings.^2 

Later the same author conducted an investigation 

of the effects of four local applications in the prevention 

of decubitus ulcers: zinc cream preparation, 20 percent 

silicone cream, 20 percent silicone cream with antiseptic, 

and pHisoHex. No striking benefit could be attributed to 

the use of the silicone preparations. A decrease was noted 

in tendency to ulcerate among patients using zinc cream 

and to a lesser extent in those treated with pHisoHex, 

indicating that these two preparations afford some pro¬ 

tection against decubitus ulcer formation. There appear to 

be few agents that afford protection and many more that do 

nothing or further worsen the problem. 

Dr. Anthony Barton has developed several methods 

for the prevention and treatment of decubitus ulcers. In 

his regimen the lesion is packed to skin level with a 
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bactericidal cream with detergent properties or is sprayed 

with an iodophor such as Betadine and then washed to clean 

the wound. The detergent must not be too strong or it will 

enlarge the wound and delay healing. The sore is then 

covered with a porous, absorbent bandage, which doesn't 

adhere to the skin. This allows a padding effect to disperse 

pressure away from the lesion and to keep it clean from 

bacterial invasion. 

Recently Dr. Barton developed a new preventive treatment 

employing ACTH (Adrenal Crtical Thyroid Hormone). The ACTH 

stimulates the adrenal cortex to produce a corticoid that 

stabilized the polysaccharide components of cell junctions. 

The ACTH is given once only, at least 4 hours before an 

operation or immobilization. These 4 hours allow optimum 

cortisol levels to be reached by the endothelial cells, 

before exposure to increased pressure can occur. Dr. Barton 

feels the administration of ACTH should form part of the 

management program of all high-risk surgical situations. 

The physical methods of prevention and treatment, use 

of vibrators, whirlpool therapy, and application of heat or 

ice. The nursing staff is responsible for integrating these 

techniques into their nursing care program with specific 

attention to high-risk individuals. Pressure points should 

be checked at least once a day. The patient's position in 

bed should be changed every 2 hours around the clock, as was 

previously noted by Exton-Smith et al. 
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Turning of the patient reduces the effects of pressure 

on the skin. It has been established that the duration of 

the pressure is more important than the amount. Crumpton et 

al. evaluated five techniques in preventing decubitus ulcers 

and found turning to be one of the few clinically and 

statistically effective. 

There have been no trials to determine the effect of 

massage on decubitus ulcer formation. Massage, however, can 

only serve to increase blood flow to these areas and help 

prevent or retard skin breakdown. Lamps, vibrators and 

other physical methods are somewhat useful, but increased 

nursing care is necessary for proper techniques to be 

effective. 

Many mechanical devices have been developed to prevent 

decubitus ulcer formation. Generally they can be categor¬ 

ized as follows: 

1. Those designed to support specific areas of the 

body, such as heels, sacrum, buttocks, etc. 

2. Those designed to aid in turning or moving the 

patient. 

3. Those designed to support the body surface to 

minimize or equalize pressure. 

Gel pads are in use for prevention and treatment of 

decubitus ulcers. These pads are constructed of silastic, 

silicone or poly vinyl chloride and all are extremely 

pliable. Gel pads have two effects: (1) they act as 
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artificial fat over bony prominences, increasing protection, 

and (2) they aid in dispersal of pressure over a larger 

surface area. Spence et al. tested the effectiveness of 

gel support against conventional devices (innerspring 

mattresses, poly foam mattresses, alternating pressure 

pads, and water beds). In every case studied both patient 

and physician believed the gel pad was a major factor in 

lessening the incidence of skin problems.Lang and 

McGrath found the use of gel pads decreased the incidence of 

pressure sores and made established sores easier to clean 

and manage. They felt that after the skin had been cleaned 

and the pads changed they wouldn't need to be changed again 

for 3 to 7 days. The skin must be kept clean to prevent 

infection and these pads afford some added protection for 

that purpose. 

Sheepskin has also been widely utilized in both preven¬ 

tion and treatment of pressure sores. Advantages of using 

sheepskin are: (1) it's a dry resilient substance capable 

of pressure dispersion, (2) friction is supposedly elim¬ 

inated when skin rubs or slides over sheepskin, (3) moisture 

is absorbed and dissipated by the sponging qualities of the 

wool, (4) it can be washed, and (5) it is virtually inde- 

structable. Several studies have been conducted on the 

effectiveness of utilizing sheepskin pads. Davis found it 

to be a valuable tool and recommended that all patients 

considered susceptible to decubitus ulcers be placed on 
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sheepskin before redness occurs.36 Bliss and McLaren also 

tested its effectiveness and they found it to be unsatis¬ 

factory. Of the 20 patients tested, one-third developed 

sores or had worsening of existing sores. They also cited 

disadvantages, soiling by urine from incontinent patients 

necessitating changing of the pads as many as six times per 

day. Also they found the sheepskin would break down after 

repeated washing.37 

The group of beds and devices used to assist in turning 

the patient, automatically or manually, are the Foster 

frame, the Stryker frame, the Circ''0"lectric bed and the 

tilt table. All but the tilt table require strapping the 

patient in between two fabric-covered frames in order to 

facilitate turning to relieve pressure directly from the 

most common pressure points. 

The Circ"0"lectric bed is the only device that has 

automatic turning. The other devices are hand operated, 

usually requiring two people to turn the patient smoothly. 

Thus these devices are time consuming and of value with an 

immobilized patient, but not for use as a turning aid for 

general patient use.38 

The costliness of these devices prevents their wide¬ 

spread distribution and there is some evidence that they 

don't prevent decubitus ulcers.39 Most of the information 

obtained concerning these devices, however, has been based 

on subjective observation with the use of small sample 
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sizes. Nevertheless, they continue to be widely recommended 

as adjuvants in the prevention and treatment of decubitus 

ulcers. Of all the turning frame devices, only the tilt 

table and the Circ"0"lectric bed allow the patient to be 

placed in a head-up position. 

One patient who spent 3 months in a Stryker bed related 

the problems encountered due to its design. The bed is just 

wide enough for a patient lying on his back. It has fitted 

arm rests and a mirror, located at the head position. A 

reading rest and a bedpan can also be attached. 

The patient is turned over onto his stomach at regular 

intervals to prevent pressure sores. This is done by 

placing another fabric surface on top of the patient, then 

after being strapped in he can be turned. Once facing the 

floor, a myriad of problems arise. The forehead and chin 

suports must be correctly adjusted to ensure patient comfort. 

Eating when using this frame was apparently easier 

when facing the floor even though liquid had to be taken in 

with straws. When the patient is on his back, he cannot see 

his food nor is he able to cut it up by himself, once again 

requiring added nursing attention. 

Life on the Stryker frame was very lonely because you 

face either the ceiling or the floor and you can't see other 

patients. Nurses should keep this in mind and spare extra 

time to help keep up these patients' morale. 



15 

The last category of mechanical devices to be examined 

are the various types of beds and mattresses employed in 

prevention and treatment of decubitus ulcers. Generally one 

or two principles seems to underlie the construction design 

of these beds and mattresses. 

1. A surface that molds itself to the shape of the 

body may allow the weight of the body to spread out 

gver a sufficiently wide area to prevent high 

pressure over bony prominence that impede circu¬ 

lation . 

2. A surface designed to alter points of pressure 

against the body surface at regular intervals may 

impede or prevent decubitus ulcers. 

Many beds and mattresses have been developed incor¬ 

porating Pascal's law, which states that the weight of a 

body floating on a fluid system is evenly distributed over 

the entire supporting medium. Accordingly pressure points 

are eliminated. 

Spence et al. used water beds for the prevention 

and treatment of decubitus ulcers and found several problems 

associated with their use; cleaning the loose sheeting of 

urine and feces was difficult; a leak in the bed can be 

disastrous; algae growth can occur within the bag, necessi¬ 

tating frequent changing of the water; and sweating problems 

occurred, because a large percentage of the patient's sur¬ 

face was in contact with the nonpermeable plastic covering 
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of the nvattress. The inoisture buildup can increase the 

chance of r.aceration and skin breakdown. The use of com- 

r;ercially available hair dryers was advocated by Dr. Davis 

Saunders, as a ineans of controlling the moisture buildup. 

The nurse should spend 20 to 30 minutes 4 or 5 times a day 

41 
drying the back region. Once again, staff time must be 

increased, if this treatment is to be effective. 

Due to the many problems encountered with the regular 

water mattress, various researchers have developed devices 

combining the flotation principle with modifications for 

proper treatment and patient comfort. Weinstein and David¬ 

son used a water-filled plywood tank with a loose plastic 

cover to enhance the principle of fluid support. The 

plastic cover served to keep the patient dry but allowed him 

to float on the supporting fluid. They found that with 

three paraplegic patients floated on water beds for periods 

of 10 to 40 days all had ulcers previously thought to be 

unmanageable which began to granulate within 24 hours and 

showed daily improvement. The main problems found with this 

system were the weight of the system, which was in excess of 

1,700 pounds, and that the patients must be lifted bodily 

into the bed over the side walls. They have redesigned a 

new device on the same principle, weighing only 250 pounds, 

but there have been no studies completed on the efficacy of 

that unit. 
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Another water bed type device is the Rancho Floatation 

Bed (Mud Bed). It contains a fluid twice as heavy as water. 

It provides all the advantages of a water flotation bed, but 

the patient floats only half submerged, since the human body 

weighs only one half as much per unit volume as does the 

supporting fluid. The fluid is a colloidal suspension of 

barite and water, which is kept homogeneous by the addition 

of a thirotropic clay called bentonite. 

The problems encountered with this bed are many. It 

is expensive, and weighs a great deal. The bed does, 

however, offer proper treatment with minimal turning and 

positioning about every 4 hours. This work saving allows 

the nursing staff time, which can be used to educate the 

patient regarding his own health care.^^ 

Many other refinements have been made on this type 

of device and it has been found to be somewhat beneficial 

in prevention and treatment of decubitus ulcers. The 

present designs of water beds are associated with dis¬ 

advantages that negate the positive effects derived from 

their use. The beds appear to disrupt the administration 

of various therapies and thus the time saved on turning is 

used up in providing the therapy necessary for delivery of 

total care. It appears that Pascal's idea of weight dis- 

persement is advantageous and new, more efficient devices 

are necessary. 
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Another new total body support device is the Air 

Fluidized Bed, which incorporates both air and fluid 

support. Air is pumped through a bed of very fine optical 

glass spheres. The air is introduced at the bottom and 

flows upward at 40 cubic feet per minute through the 

spheres. A loose polyester filter sheet of 37-micron 

pore size separates the patient from the support media. 

Temperature and humidity can be controlled in this unit.^^ 

The bed is claimed to remain sterile regardless of the 

contamination that may be introduced into it. This was 

pointed out by Harvin and Hargest. After the bed had been 

used for two years, samples obtained from the unit indicated 

there was no microbial contamination. This they felt was 

due to the large volumes of air causing desiccation of many 

microorganisms, and also the pH of the ceramic spheres, 

which acts to inhibit the growth of bacteria. Another 

study by Sharbaugh and Hargest reinforced the initial 

findings that the air fluidized bed actually rids itself of 

microbial contamination while in use. Thus, the possibility 

of auto or cross infection of patients during use is very 

small. 

The disadvantages are (1) the bed hasn't been fitted 

for traction, (2) blower noise level was relatively high and 

(3) a heat exchanger was added that makes it difficult to 

keep the bed below 80* F. This last problem can be overcome 

in an air-conditioned room, but should be corrected by 
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cooling air prior to use. Very little data have been 

presented on this device and further documentation seems 

appropriate. 

Another series of devices used for the prevention and 

treatment of decubitus ulcers are the alternating pressure 

pads. They usually consist of a polyvinyl or rubberized 

canvas air mattress approximately 3 inches thick with air 

cells arranged either vertically or horizontally. This 

type is attached to an electric pump system, which is 

designed to inflate and deflate an alternate series of cells 

over a cycle of either 3 to 5 seconds or 15 to 20 seconds, 

depending on the unit. The continually changing amount of 

air under the patient varies the pressure gradient to which 

the skin is subjected. 

This type of mattress has been in use since 1948 and it 

continues to be recommended. Kosiak demonstrated on animal 

subjects the limited benefit of alternating, as opposed to 

continuous, pressure on the skin and subcutaneous tissues. 

He found that after 4 hours, even if pressure alteration was 

carried out every 5 minutes, minimal or moderate damage 

occurred in the underlying muscle. Thus it implies that 

although the alternating pressure pad delays development of 

decubitus ulcers, it certainly cannot be used as the only 

means to prevent them.^^ 
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One study found that even though the patients at the 

end of the study had improved, follow-up showed a sudden 

deterioration in the pressure areas with five of nine 

patients developing gangrenous sores in 2 days' time. This 

seemed to indicate that the bed softened the skin making it 

less able to stand the effects of pressure after treatment 

was stopped. 

Another alternating pressure pad, the Lapidus Airfloat 

System (LAS), has been recommended for use in the prevention 

and treatment of decubitus ulcers. It is similar to the 

other systems in that it contains a series of air tubes that 

alternately inflate. Unlike the other systems, the LAS has 

tubes that are perforated with holes that permit air to 

escape into a porous foam cushion on which the patient lies. 

The air is supplied to the bed from an electric pump unit 

placed on the floor beside or under the patient's bed. It 

was assumed that the mattress inflation, which is at a 

higher pressure and slower rate than other units, would 

enhance pressure point alteration. This would further 

protect the patient from skin breakdown. The problem of 

moisture buildup associated with the water beds and older 

types of alternating pressure pads had been avoided. The 

air in the mattress escapes through perforations into the 

foam mat on which the patient lies. This air acts to keep 

these areas of the body dry and the mat absorbs much of the 

moisture and keeps it away from the skin. 
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The use of air for the drying effect was also incor¬ 

porated into the design of the air fluidized bed. There 

have been several studies conducted to determine the air 

fluidized bed's potential for cross or auto infection during 

use. Similar studies on the cross infection potential of 

the LAS were deemed necessary before its introduction into 

the hospital environment. 

Nosocomial infections are those acquired only in the 

hospital, whether the symptoms occur during hospitalization 

or after discharge. As improved public health practices 

have reduced the rate of primary infections, nosocomial 

infections have accounted for increasing percentages of 

the morbidity and mortality due to infectious diseases. 

At present from 3 to 13 percent of inpatients in acute 

care hospitals develop an infection. The rate has been 

estimated at four infections per 100 admissions in the 

absence of a common source outbreak.The incidence 

of infection is much higher, especially when classified 

according to surgical patients, those on chemotherapy and 

other high risk groups. 

Maintenance of a safe environment is a well-recognized 

and accepted responsibility of the institution. Hospitali¬ 

zation, however, presents conditions which allow a greater 

opportunity for contact between patients and infectious 

agents than is found in the home or community.Also 

many of the complicated medical procedures necessarily 
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performed in hospitals carry inevitable risks of infection, 

and patients as a group are more likely than members of 

the general population to acquire infections and suffer 

serious consequences. Each additional and more complicated 

procedure opens new possibilities for initiation of a 

nosocomial infection. 

The patterns of infection are constantly changing due 

to the interplay of bacteria and people. Knight has made it 

clear that the primary routes of nosocomial infections have 

been radically altered in modern times. He points out the 

increasing role in nosocomial infections of certain commonly 

used hospital equipment, such as respiratory and inhalation 

therapy equipment. 

In order to insure proper infection control, the 

frequency and severity of the infections acquired must be 

limited so the benefits of the treatment outweigh the 

risks.The environment of the patient must be con¬ 

trolled, and it consists of everything that has an effect 

on the patient; physical surroundings, furnishings, air, 

procedures, equipment and supplies, food, drugs, linen, 

staff, visitors and the physician. All of these elements 

make up the patient's total environment and each may have 

an effect direct or indirect on the patient.53 

Infectious agents from lesions, secretions and the 

environment are spread by either direct or indirect routes, 

depending on the agent. The route of greatest importance in 
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nosocomial infections is the person-to-person route. Proper 

handwashing, as reported by Dr. Mortimer, can help control 

the dissemination of infectious agents by the person-to- 

person or direct route. In his study, babies that were 

handled by nurses with little or no handwashing exhibited a 

43 percent rate of colonization due to carrier strains from 

the nurses, as opposed to a 6 to 10 percent rate of coloni¬ 

zation when handwashing was employed. Handwashing in • 

conjunction with proper control of visitors and patients 

proved to be effective in lowering the infection rate. The 

indirect routes of infection, although not as significant, 

have been shown to be a source of microorganisms accessible 

to the patient by means of contaminated inanimate materials, 

such as dust, food, water, and instruments.Environ¬ 

mental sites which are dry (air and surfaces in contact with 

it) have stationary or decreasing populations of vegetative 

bacteria that can survive for long periods of time, and 

bacterial spores that survive almost indefinitely. These 

dry sites become contaminated from the 100,000-30,000,000 

particles that a person sheds every minute.56 After 

settling from the air onto surfaces, the particles may be 

resuspended automatically. This resuspension can occur when 

walking over a floor or through other mechanical action such 

as sweeping, but few of these microorganisms reach more than 

knee height. The clothing of the staff is an important and 
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often neglected means of transferring staphylococci from one 

patient to another by indirect contact or aerial suspension. 

The airborne route is of importance in the spread of 

both staphylococci and streptococci due to the infectious 

particles which are liberated into the air from the skin 

during physical activity.57 i/[ost studies on the airborne 

route have been carried out in the operating room, where 

strict adherence to aseptic techniques is mandatory, if 

infections are to be prevented. An early study by Dr. Carl 

Walter emphasized the fact that the literature revealed no 

previous documentation of airborne wound infection, although 

traditionally many aspects of asepsis are based on the 

premise that it occurs. In his study a Staphylococcus 

aureus disseminator was on the periphery of the operating 

room. Settling plates and slit samplers were used to 

monitor levels of this microorganism in the environment. 

The carrier had a very unusual serotype and his strain of 

S. aureus was easily distinguishable. The data from the 

study demonstrated the incidence (1.2 percent of the popu¬ 

lation at risk) of 2 postoperative wound infections due to 

the carrier's strain during a total of 169 operations. The 

most tenable conclusion is that the two infections resulted 

from inoculation of the wound by airborne droplet nuclei 

expelled through a mask by the disseminating carrier. 
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Whether they remain suspended in the air or were secondarily 

resuspended from the clothing was academic.^® Dr. John 

Burke also conducted a study of wound contamination and 

found that the the heaviest contamination, as judged by the 

number of different staphylococcal strains and the total 

number of colony-forming units, came from the air.59 

One of the pioneers in the control of airborne contami¬ 

nation is Dr. J. Charnley, who introduced an isolation type 

of room in which the surgical team and the patient were 

enclosed. After 10 years of experience. Dr. Charnley 

concluded that air cleanliness in the operating room is 

important, but not the only factor. His data indicated that 

of 2,085 hip replacement procedures performed in four stages 

of air cleanliness, there was a decline in wound infection 

from 8.9 to 1.0 percent, suggesting that surgical sepsis is 

largely dependent upon airborne contamination. Reduction in 

air contamination was also achieved by reducing operating 

room traffic and elimination of bedding from the ward into 

the operating room.^^ The statistics from his study 

confirm more clearly that air contamination can affect the 

rate of wound infection, a statement for which there was 

little evidence available previously. 



CHAPTER III 

SAMPLING METHOD 

Sampling Apparatus 

S/P TDL Slit Sampler (Model A, Elliot Engineering Co., 

Atlanta, Georgia) was used for the impaction of airborne 

microorganisms. This unit was preset for a 20-minute 

sampling period. A vacuum pump was connected and air was 

drawn through the critical orifice at a rate of 1 cfm. 

After a full revolution, the trypticase soy agar plate (BBL) 

was incubated and later counted to determine the number of 

Colony Forming Units (cfu) sampled during the test period 

(see Figure 1). 

An Andersen 10-800, six-stage viable sampler (Andersen 

Sampler, Inc., Atlanta, Georgia) was used to aerodynamically 

size viable bacterial particles. The length of the sampling 

period varied from 20 to 60 minutes. The Andersen Sampler 

had a self-contained vacuum pump, which was used to draw air 

into the stages for sizing. The trypticase soy agar plates 

(BBL), located under each stage, were removed after the 

proper sampling period, incubated and counted to determine 

the number of cfu and their size ranges (see Figure 2). 

26 
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Rodac plates (Falcon Plastics Co.) contain a convex 

agar bed approximately 25 cm^ in surface area and were 

used to determine the number of bacteria on floors in the 

test area. Each Rodac plate contained 17.5 ml of letheen 

agar (BBL). Samples of the floor were obtained by pressing 

the agar bed of the plate against the sample site for 

20 seconds. The fifteen mutually exclusive Rodac Plate 

samples were, obtained in three rows of five Rodacs each, 

starting near the bed and moving away from it (see Figure 

3). After sampling, the plates were incubated and counted 

to determine the number of cfu on the floor before and after 

air sampling. 

Incubation 

All plates were incubated in a thermostatically con¬ 

trolled hot air incubator at 35+0.5'’C for 48 hours. 

Counting Techniques 

After the appropriate incubation period, the total 

number of bacteria per plate were determined using a Quebec 

Colony Counter. A standard counting technique was employed 

and plates containing over 350 colonies were considered too 

numerous to count. The slit sampler plates were divided 

into quarters, each representing 5 minutes of the total 
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sampling period. The number of cfu obtained per each 

quarter were determined in the order sampled (see Figure 

5) . 

Statistical Analysis 

Standard statistical procedures were employed during 

the initial analysis. The Wilcoxon Signed Rank test was 

used to analyze the resuspension and the patient use studies 

data. In these tests, the magnitude and nature of the 

observed differences between pairs were utilized to isolate 

important variables. A repeated measures analysis of 

variance and the analysis of covariance were used to deter¬ 

mine interaction between the various test conditions. All 

testing was carried out at the 0.95 or 0.99 level of 

significance. 



CHAPTER IV 

SAMPLING PROCEDURES 

A three-phase study was conducted to evaluate the 

Lapidus Air Float System to determine.the following: 

Filtration Studies 

This phase was conducted to evaluate the ability of the 

Lapidus Air Pump Unit (LAP) to remove bacteria from ambient 

air prior to inflation of the Lapidus alternating pressure 

pad (see Figure 6). The manufacturer recommended that the 

LAP be placed on the floor under or beside the patient's 

bed. An evaluation was essential because of the high 

concentration of cfu in the air at or near floor level and 

because of the debilitated and susceptible condition of 

patients utilizing this type of device. 

Two sampling locations were used: 1) sn environmental 

chamber (4'x4'x7'), equipped with Hepa filters for air 

containing few bacteria (low challenge bio-load) and (2) an 

open laboratory area^ which contained air with larger 

numbers of bacteria (high challenge bio-load). 

29 
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The LAP, taped on all seams to prevent air leakage, was 

placed on the floor of the environmental chamber. The 

exhaust fan was connected to a side port with corrugated 

tubing for venting outside the test area. A slit sampler 

was placed on the floor within 6 inches of the intake 

opening of the LAP. The air discharge lines, normally 

connected to the Lapidus alternating pressure pad, were 

instead connected to the top of a sterile carboy, allowing 

airflow into it. A second slit sampler was connected with a 

length of pre-sterilized inhalation therapy tubing to the 

carboy, and the discharged air was sampled in that manner 

(see Figures 7 and 8). 

Each test run consisted of a 4-hour sampling period, 

and the slit samplers were treated as previously described. 

The results were recorded according to the number of cfu 

sampled at Air Intake and at Air Outlet. 

Resuspension Studies 

This phase was carried out to evaluate the effects of the 

LAP on the resuspension of bacteria from floor to bed level. 

It was reported previously by Dr. M.T. Parker that most 

resuspended particles do not disseminate above knee height 

and therefore should not pose a problem to the patient. 
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While this may be the case, the downstream air pressure 

generated by the LAP indicated the possibility of an increas¬ 

ed resuspension of infectious particles which warranted 

investigation. 

The sampling was conducted at either floor or bed level 

in the environmental chamber. The LAP was placed on the 

floor and the intake opening was connected with corrugated 

tubing to a side port allowing it to draw air from outside 

the environmental chamber. The air discharge lines were 

connected to a side port and vented outside the test area. 

Two slit samplers were placed at the specific sampling 

height (floor or bed level), one on each side of the LAP. 

Side A was designated, as the exhaust fan side of the LAP 

and Side B as the opposite side, which contained no fan (see 

Figures 9 and 10). 

The sampling period was 4 hours in length. Baseline 

data was obtained during the first hour of testing when the 

LAP was not in operation. The 3 hours during which the 

LAP was operating was considered the test period. The 

results were recorded as to the number of cfu sampled under 

the specific test conditions. 

After initiation of the patient use phase, the experi¬ 

mental design of the resuspension phase was modified to 

include: a microbiological analysis of the floors employing 

Rodac plates, and air sampling with the Andersen sampler 
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(floor or bed level during LAP operation). The sampling 

period was reduced from 4 to 2 hours with the LAP 

alternately off and on during the 20-minute sampling seg¬ 

ments. These results were analyzed with the patient use 

data to determine if there was any interaction of the 

experimental factors in the environmental chamber and 

patient use setting. 

Patient Use Studies 

This phase was conducted to determine the effects of the LAS 

on the patient's immediate environment with regard to 

increases in the patient's bioburden, which if excessive 

could lead to infection. The air in the patient's room, and 

the flooring adjacent to the bed, were cultured to determine 

the effects of the LAS. 

The units tested were in use by patients in a nursing 

home and a general hospital located near the university. 

The LAP unit was placed under the patient's bed. A slit and 

an Andersen sampler were placed less than 12 inches from the 

exhaust fan side of the unit. The sampling was conducted at 

either floor or bed level (see Figures 10 and 11). 

Rodac plate samples of the floors in the test area were 

obtained before and after each test run. Fifteen samples 
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(three rows of five Rodac plates each) were treated as 

previously described. The results were recorded as to the 

number of cfu sampled before vs. after LAP operation. 

The sampling period was 2 hours for each LAP test 

run. The LAP was not operating during the first hour of 

testing, but was operating during the second hour. In later 

runs, the LAP was alternately off and on during each 

20-minute sampling period for the 2 hours of testing. 

Both samplers were treated as previously described. All 

results were recorded as to the total number of bacteria 

sampled under the specific conditions of testing. 



CHAPTER V 

RESULTS 

The data were grouped into the various phases and 

the statistical analysis addressed the objectives of the 

study. 

Filtration Studies 

The number of cfu at air intake and at air outlet were 

compared under both low and high challenge levels to deter¬ 

mine the filtration efficacy of the LAP. The analysis 

employed the median of the twelve 20 minute counts in the 

ten 4-hour trials and the results are shown in Table 1. In 

all instances, the number of cfu going into the pump were 

higher in the open laboratory than in the environmental 

chamber. In both settings, the air discharged from the LAP 

was virtually free of bacteria. 

The median counts for the last 5 minutes of each 

20-minute segment for the ten 4-hour trials were determined 

and presented in Table 2. This was done to eliminate the 

contamination associated with the changing of the plates, 

which occurred every 20 minutes during testing. Identical 

conclusions can be drawn from this data as with the data in 

Table 1. 
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Resuspension Studies 

The airborne bacterial concentrations in the environmental 

chamber at: 1) bed level and floor level, (2) side A and 

side B of the LAP, and 3) when the LAP was off and on were 

obtained to determine if LAP operation would cause a resus¬ 

pension of bacteria. The median counts of the 20-minute 

sampling segments for the 2 hours of testing are shown in 

Table 3. The data obtained were analyzed via a repeated 

measures of variance design, since side A and side B were 

measured simultaneously (see Table 4). The analysis indi¬ 

cated a highly significant difference in the number of cfu 

sampled when the LAP was on as opposed to when it was off 

(P=0.000). The number of cfu sampled was lower when the LAP 

was on. An interaction of less significance was noted in 

the number of cfu sampled at side A versus side B (P=0.054). 

Side A appeared to have fewer cfu per sampling period than 

side B. 

The median counts of the final 5-minute segment of 

each 20-minute sampling period are presented in Table 5. 

The data were analyzed with the same conclusions as from the 

data in Table 3 (see Table 6). 
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Patient Use Studies 

The patient-use results were analyzed with the additional 

resuspension data to determine the effects of the LAS on the 

patient's immediate environment. The data (air, and floor 

counts) were arranged into subgroups to elucidate the 

relationships. The subgroups were as follows; (A) Nursing 

Home (floor level), (B) Environmental Chamber, (C) Nursing 

Home (bed level) and (D) a general hospital (bed level). 

Each subgroup was evaluated to determine the total 

number of cfu sampled before and after the LAP was opera¬ 

tional. The analysis was performed using the Wilcoxon 

Signed Rank test for the total 20-minute sampling periods 

and the final 5 minutes of each 20-minute sampling period. 

The analysis showed that in general, the number of cfu 

sampled was lower when the LAP was on than when it was off 

(see Table 7). 

Andersen sampling results were ranked in an effort to 

determine relative particle size encountered during LAS 

operation. The results over all sources indicated that 

stage 5 had the highest concentration of cfu with stages 

4 and 6 next to highest (see Table 8). 

Rodac samples obtained from the floors in the test 

area were used to determine if any significant effect was 

generated by the LAP on these surfaces and the micro¬ 

organisms it contained. The analysis of the 33 (before and 
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after) test runs indicated that in 10 of the 15 sampling 

sites, the before counts were larger than the after counts. 

The interaction of the sites was significant when examined 

as a group with a p value = 0.10. This indicated that when 

the LAS was in use there was no increase in the number of 

cfu sampled. In fact there appeared to be fewer. 



CHAPTER VI 

DISCUSSION 

The LAS has been criticized for many of the features 

that set it apart from other alternating pressure pad 

systems (i.e., placement of the LAP on the floor with an 

intake of air at floor level for use in the alternating 

pressure pad and the discharge of this air from the pad 

through a series of holes to enhance patient drying). 

The results from the various phases of testing indicated 

that the LAS presents no added microbial hazard to the 

patient. In fact, the results indicated it may even reduce 

the bioburden on the patient. LA? filtered out virtually 

all bacterial contamination from the intake air, and was 

releasing into the alternating pressure pad few, if any, 

viable bacteria. This was of extreme importance because if 

contaminated air was being discharged to dry the patient, 

it could present an increased hazard and possibility of 

infection. 

The charcoal filters contained within the LA? exhibited 

excellent filtration properties. A study to determine these 

filters* longevity would be appropriate in an attempt to 

establish guidelines for proper use. 
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The resuspension studies results indicated there was no 

movement (increase in the number of cfu) from floor to bed 

level during operation of the LAP. The number of cfu, in 

fact, declined when the LAP was in operation. Since no 

increase in the number of cfu was observed during LAP 

operation, the use of the LAS should pose no additional 

hazard to the patient. An interaction was observed between 

side A and side B of the LAP. The interaction was not a 

particularly strong one, but the results indicated side B 

had higher numbers of cfu than side A. This was probably 

due to the air movement created by the exhaust fan, located 

on side A which was used to cool the LAP. 

The patient use phase results indicated that the number 

of cfu in the air was lower when the LAP was on than when it 

was off. The cfu encountered were ranked into relative size 

ranges and it was observed that particles of 1.1-2.1 microns 

were the most predominant, with particles of size 2.1-3.3 and 

0.65-1.1 being the next most predominant sizes encountered. 

The effect of the LAS on the cfu present on the floors 

in the test area, as determined by Rodac plate sampling, 

indicated no increase in the floor counts; in fact, a 

decrease was noted. 

The data indicated that the LAS would not increase the 

bioburden of the patient and the most instances would lessen 

it. This was a positive factor for the LAS because its use 
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must be accompanied by some assurance that the patient 

utilized this devise would be safe from added risk to 

infections. The system appears to be a safe method for the 

care of decubitus ulcers from an infection control viewpoint. 
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Table 1 

The Median 20-Minute Colony Counts of 
The Twelve Sampling Periods for Each Test Run 

Test Run No. Sampling Location Before LAP After LAP 

1-10 Environmental 78.5 1 
Chamber 40.5 0 

36.5 0 
37.0 0 
53.0 0 
61.5 0 
60.0 0.5 
44.0 0 
62.0 1 
40.5 0 

11-20 Open Lab Area 113.0 0 
116.5 0 

88.0 0 
98.5 0 

136.5 0 
130.0 0 
144.5 0.5 
138.5 0 
129.0 0 
135.5 0.5 
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Table 2 

The Median Colony Counts of the Last Five Minutes of 
the Twelve 20-Minute Sampling Periods 

Test Run No. Sampling Location Before LAP After LAP 

1-10 Environmental 4 0 
Chamber 2 0 

3.5 0 
8 0 
4.5 0 
4 0 
4.5 0 
6.5 0 
3 0 

11-20 Open Lab Area 26.5 0 
25.5 0 
18.5 0 
17 0 
28.5 0 
28 0 
32.5 0 
30 0 
33 0 
31 0 



Table 3 

48 

The Median 20-Minute Colony Counts of the Air in 
the Environmental Chamber Before and During Operation 

of the Lapidus Air Pump Unit 

Lapidus Total Colony Total Colony 
Sampling Air Pump Counts Counts 
Level Unit (on-off) Side A Side B 

Bed Level 

Unit Off 213 
125 
142 
259 

213 
130 
184 
235 

Unit On 89 92 
75 62 
49 42 

125 144 

Floor Level 

Unit Off 346 
240 
142 
165 

399 
225 
190 
236 

Unit On 111 109 
80 107 
65 91 
79 84 
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Table 4 

An Analysis of Variance 
Corresponding to Table 3 

Total Plate Counts (cfu) of each 20-minute sampling exposure 

Source: Statistical parameter values 

Between Runs df MS F p-value 

level (bed vs floor) 1 0.05156 1.23 0.288 
★ ★ ★ 

motor (on vs off) 1 1.20301 28.81 0.000on<off 

level X motor interaction 1 0.00416 0.10 0.758 

error 12 0.04176 

Within runs 

side A X side B 1 0.01203 4.55 0.054 *A<B 

side X level interaction 1 0.01100 4.16 0.064 * 

side X motor interaction 1 0.00108 0.41 0.535 

side X level x motor 1 0.00058 0.22 0.647 
. interaction 

error 12 0.00265 

^designates the results significant at P<0.10 
**designates the results significant at P<0.05 
***designates the results significant at P<0.01 

(All data were converted to logarithms before computation and 
analysis were undertaken.) 
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Table 5 

The Median Colony Counts of the Last 5 
Minutes in Each Sampling Period of 

the Air in the Environmental 
Chamber Before and During Operation 

of the Lapidus Air Pump Unit 

Lapidus Total Colony Total Colony 
Sampling Air Pump Counts Counts 
Level Unit (on-off) Side A Side B 

Unit Off 28 27 
20 27 
26 24 
43 41 

Bed Level 

Unit On 12 15 
10 10 

6 7 
14 17 

Floor Level 

Unit Off 57 
35 
27 
24 

59 
31 
26 
35 

Unit On 12 13 
5 10 

11 16 
13 15 
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Table 6 

An Analysis of Variance 
Corresponding to Table 5 

Last 5—minute counts (cfu) of each 20—minute exposure period 

Source; Statistical parameter values 

Between Runs df MS F p-value 

level (bed vs floor) 1 0.02274 0.44 0.474 

motor (on vs off) 1 1.6664 40.06 0.000 
* 
on vs 

level X motor interaction 1 0.00806 0.19 0.668 

runs within treatment 
combine 

12 0.04160 

Within runs 

sides 1 0.02987 7.60 0.017 **A<B 

level X side interaction 1 0.00412 1.05 0.326 

motor X side interaction 1 0.01280 3.26 0.096 ★ 

level X motor x side 
interact ion 

1 0.00214 0.55 0.474 

treatment combo x runs 12 0.00393 
within group 

* designates the results significant at P<0.10 
** designates the results significant at P<0.05 
*** designates the results significant at P<0.01 

(All data were converted to logarithms before computation and 
analysis were undertaken.) 
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Table 7 

Data Analysis of the Lapidus Airfloat 
System According to Subgroup to 

Determine Significance of Unit's 
Operation (off vs on) 

Subgroup 
(Test area) 

A. Nursing home 
Floor level)n=16 0.075* 0.005*** 

B. Environmental Chamber 0.15 
(Floor + bed level)n=4 

C. Nursing home 0.01*** 
(Bed level)n=7 

D. Local hospital 0.02** 
(Bed level) n=6 

* designates the results significant at p<0.10 
** designates the results significant at p<0.05 

*** designates the results significant at p<0.01 

Total number cfu/ 
twenty-minute 
Sampling plate 

p-value 
Wilcoxon signed 

Rank Test 

Total number cfu/ 
last five minutes 
of sampling plate 

p-value 
Wilcoxon signed 

Rank Test 

0.02** 
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Table 8 

Ranking of Relative Particle Size 
According to Subgroup 

Stage of Andersen Sampler 

Source of 123456 
Sample _ 

(Subgroup) Ordering of Mean Ranks 

A 3 2 14 6 5 

B 4 2 13 6 5 

C 2 1 3 5 6 4 

D 6 5 14 3 2 

Total all 
Subgroup 15 10 6 16 21 16 



KEY: 
A=Critical Orifice Containing the “Slit" 
B=Rotating Stage 
C=Stage Height Adjustment Knob 
□“Winding Mechanism Key 

Figure 1. Diagram of the S/P TDL Slit sampler. 



Stage No. 
Jet Size 
Jet Velocity 

Stage 1 
0.0465” Dia. 
3.54 ft/sec 

Stage 2 • 
0.0360” Dia. 
5.89 ft/sec 

Stage 4 
0.0210” Dia. 
17.31 ft/sec 

Air Flow 

Medium t ; -.-.1 

'Petri Dish 

/ 1 \ ; 
/ / 1 ' 

Dia. / 

Stage 5 
0.0135” Dia. K 
41.92 ft/sec 

Stage 6 
0.0100” Dia. h 
76.40 ft/sec 

1 i:;;:-r" ■ ■ J 

Figure 2. Diagram of the Anderson 10-800 air sampler. 
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KEY: 
■=Before Air Sampling Rodac Plates 
□=After Air Sampling Rodac Plates 
A=Slit Sampler 
B=Anderson Sampler 

Figure 3. Location of Rodac plate floor samples. 
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Figure 4. Quartering of 20-minute sampling plate into four 5-minute segments. 
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Figure 5. Experimental set-up for filtration studies 
in the environmental chamber. 
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Figure 6. Experimental set-up for filtration studies in 
the open laboratory area. 
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Figure 7. Experimental set-up for resuspension studies 
in the environmental chamber 

(bed level). 
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Figure 8. Experimental set-up for resuspension studies 
in the environmental chamber 

(floor level). 
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Experimental set-up for patient-use studies 
(bed level). 

Figure 9. 
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Figure 10. Experimental set-up for patient-use studies 
(floor level). 






