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CHAPTER I

INTRODUCTION

Many advances have been made in the respiratory care
of the surgical patient in the last fifty years. For
example, scientists have discovered new anesthetic agents
that suppress pulmonary mechanics to a minimum degree
during the operative procedure and antibiotics that
control postoperative pulmonary infections. Monitoring
of arterial blood gases before, during, and after the
surgical procedure assists the health team in making
therapeutic dedisions about the delivery of oxygen and
respiratory treatments to the postoperative patient.
These advances in medical knowledge aid the health teanm
in increasing the understanding of the respiratory systenm
and its reaction to surgery.

The increased technology and knouwledge base,
however, has had little effect upon the occurrences of
Postoperative pulmonary complications. The percentages
of postoperative complications range from 2% for simple
procedures to 70% for upper abdominal and thoracic
procedures (Ali, Weisel, Layup, Kripke, & Hechtman,

1974: Breslin, 1981: Latimer, Dickman, Day, Gunn, &



Schmidt, 1971: and Hightman, 1968). Drain (1984)
identified pulmonary complications as the largest single
cause of morbidity and mortality in the postoperative
period. Schwartz (13983) describgd respiratory failure as
the major cause in 25% of postoperative deaths and a
contributory factor in another 25%. The statistics do
not reflect the discomfort experienced by the patient who
must endure prolonged hospital stays and increased
nursing and respiratory treatments (Johnsocn, 1875).
Warren and Grimwood (1880) found that once postoperative
complications developed, the average hospital stay
increased by five days with a corresponding increase in
cost. The impact of these postoperative complications
upon the patient and the health care system attests to
the need to define nursing interventions that promote

postoperative pulmonary function.

Factors Associated with

Pulmonary Complications

In order to pursue the development of nursing
interventions for postoperative pulmonary complications,
a clear understanding of pulmonary complications is
necessary. Factors that contribute to the development of

pulmonary complications can be divided into three



3
categories: (1) preoperative factors that are present in
the subject wheo comes for surgery, (2) perioperative
factors that occur as a consequence of the surgery and of
the body’s reaction to surgery, and (3) postoperative
factors including medications and treatments that are
given to the patient after a surgical procdure that

influence or change pulmonary function.

Preoperative factors are identified as those
elements inherent in the patient who comes to the
clinical setting (see Table 1). Factors included in this
category are age, gender, the relationship of weight to
height, smoking history, and the presence of pulmonary,
cardiac, and neuromuscular disease. Age, gender, and
weight to height relationship have been used in nomograms
to predict volumes for pulmonary function tests. The
nomograms are based on testing of hundreds of subjects of
both genders with varying age and uweight distributions.

Two lung volumes are known to decrease with
age-—forced vital capacity (FVC) and forced expired
voclume in one second (FEV1). The volumes peak between

the ages of 31 and 40 years. Anyone over 50 years of age



Table 1

Forced
Expired
Minute Tidal Forced air Volume
Ventilation Volume capacity in 1 sec.
Age > 350 &] = = =
Weight > 10 % O = = -
above ideal
Smoking 8] 0 = -
Pulmonary digsease + or - # o1 = = =
Cardiac disease 0 0 8] 0
Neuromuscular disease 0 = = =
Note. + increase in measurement

- = decreage in measurement
= no change in measurement



has decreased volumes and is at risk for developing
pulmonary complications in the postoperative period
(Breslin, 1981; Luce, 1984; and Wightman, 1968). Females
have lower lung volumes than males, but this is not
related to the development of pulmonary complications.

Obesity also decreases lung volumes. Obesity is
defined as weight exceeding the Metropolitan Life
Insurance weights/height table by 10% (Luce, 1980).
Wightman (1968) documented the development of
postoperative atelectasis in obese patients. Atelectasis
developed from the limited anteroposterior excursion of
the thorax and decreased descent of the diaphragm during
respiration. The obese patient has an increased oxygen
consumption with an increased carbon dioxide production
and an increase in stress to the gas transport systenm
(Luce, 19843 Szczepanski, Skaarup, & Staehr-Johansen,
19735 and Wightman, 1968). Functional residual capacity
(FRC) was low due to the mechanical limitation to
breathing imposed by excess weight (Wightman, 1968).

A smoking history is another risk factor. Fourteen
percent of smokers in one study developed postoperative
complications as compared with 6% of nonsmokers (Luce,

1981). Morton (1944) calculated that patients undergoing
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abdominal surgery who smoked more than ten cigarettes pef
day were six times more likely to develop postoperative
pulmonary complications. Breslin (18981) described
smoking as a risk factor in developing complications due
to the high incidence of chronic bronchitis in smokers.

Concurrent disease entities have only begun to be
studied in relationship to the development of
Postopserative pulmcnary complications. Wightman (1968)
found that 26% of patients with pulmonary disease
developed postoperative pulmonary complications. Other
researchers have documented changes in pulmonary function
due to pulmonary disease that increase the risk of
developing postoperative complications (Douglas, Rehder,
Beynen, Sessler, & Marsh, 1977; Neagley & Zwillich, 1985;
and Sharp, Drutz, Moisan, Foster, & Machnach, 1980).
Patients with neuromuscular and cardiac disease develop
pulmonary complications in relationship to the extent and
type of interference with pulmonary mechanics and
ventilation-perfusion ratios (Black & Hyatt, 1971;
Dawson, Kaneko, & McGregor, 1965; and Hales & Kazemi,
1877). Exact changes in pulmonary function vary from

disease to diseass.



Perioperative factors affecting pulmonary function
include premedications, anesthesia, and the surgical
procedure (see Table 2). Perioperative factors are those
factors that are related to the surgical procedurs.
Perioperative factors have been identified by
retrospective examination of hospital records of surgical
Patients toc correlate characteristics of patients who
developed postoperative pulmonary complications with
those who did not. Direct measurement of pulmonary
function tests before and after a surgical procedure has
also been carried out to compare the results. (Ali &
Khan, 1879; Elman et al. 1981; and Szczepanski, Skaarap,
& Staehr-Johansen, 1973).

Incisional Type

The extent, site, and direction of the surgical
incision influences ventilatory ability. Patients with
upper and lower abdominal incisions have a marked
dysfunction of the thoracoabdominal musculature which
interferes with pulmonary functioning (Ali et al. 1874).
Patients with upper abdominal incisions demonstrate a
higher degree of dysfunction due to the close proximity

of the incision to the diaphragm. The breathing pattern



Table 2

Forced air
capacity

Tidal
Volume

Minute
Ventilation

Type of premedications +, -,
Type of anesthesia ® 505

Length of surgical
procedure > 2 hours

Complications:

- Eztimated blood logs > = = =
S00 cc

- Hypotenesion = = =
Type of surgery:

- Thoracic and upper = - -
abdowinal

- Lower abdominal 0 0 8]

Stress response ¥y =

= increase in measurement
= decrease in measgurement
no change in measurement

Note. +

O 1
n

Forced
Expired
Volume
in 1 mec.



changes from an abdominal to a rib cage pattern. Rib
cage breathing leads to declines in vital capacity, tidal
volume, and FRC. The decreases in lung volumes in the
opsrative period lead to hypoventilation and the
dévelopment of atelectasis (Ford, Whitelaw, Rosenal,
Cruse, & Guenter, 1983; and Luce, 1984). Patients uwith
incisions that disrupt the linea alba muscle also
demonstrate a dysfunction in ventilatory ability (Ali &
Khan, 1979).

One cause of ventilatory function disturbance in the
perioperative period is the pharmacological interference
with the neural and muscular mechanism of respiration.
Different premedications and anesthetic agents have
varying effects upon these mechanisms fronm
hypoventilation or hyperventilation to normal
ventilation. Inhalational agents given during the
operative procedure cause alterations in alveoli and
capillary gaseous exchange. The abnormalities are
gradually reduced with postoperative oxygen but persist
for three to five days after the surgical procedure
(Laurence, 1971).

Another perioperative factor that influences

ventilatory ability is the stress response of the body to
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the surgical procedure. The sStress response isS a series
of neuroendocrine and metabolic changes that occur as a
reaction to bodily injury. Anesthetic agents and other
drugs depress or stimulate various endocrine responses
which include muscle wasting and uweakness, and a
decreased immunological response (Schwartz, 1984).

Complications of the operative procedure and
operative times greater than two hours also lead to
decreased postoperative pulmonary function. Some of the
complications that have been identified are blood loss
greater than 500 cc and hypotension during the operative
procedure. (Ali et al. 1974; Breslin, 1981; and Latimer

et al. 1971).

Three categories of factors are seen in this time
period (see Table 3). These factors are pharmacological
agents and fluids, respiratory therapy interventions, and
positioning of the patient.

Pharmacological agents that impact upon ventilatory
ability in the postoperative period are narcotics,
sedatives, and bronchodilators. Narcotics and sedatives

which are given to control discomfort and pain in the



Table 3

11

Forced
Expired
Minute Tidal Forced air Volume
Ventilation Volume capacity in 1 sec.
Intervention
Ambulation ++ + + +
Incentive spirometry ++ ++ ++ ++
Turn-cough-deep breath + + + ¥
Poeitioning
Head of bed 90 degrees rre T EHF rre
Head of bed 45 degrees ++ ++ *+ ++
Head of bed flat = =] - i
Medications
Narcotics = = = -
Sedative = = = -
Bronchodilators 0 * + +
Note. + = increase in measurement
++ = greater increase in measurement
+++ = greatest increase in measurement
- = decreage in measurement
0O = no change in measurement
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Postoperative period cause suppression of pulmonary
effort and decreased lung volumes (Gilman, Goodman, Rall,
& Murad, 19853 Latimer et al. 18971; and Schwartz, 1883).
The medications suppress the cough reflex and interfere
with the clearing of secretions from the airways.
Bronchodilators dilate the airways and improve
ventilation in patients with vasoconstrictive
abnormalities (Gilman et al. 1985). The use of
bronchodilators with postoperative patients is limited.
Normally only subjects taking the medication in the
preoperative period would continue to do so in the
postoperative period. Postoperative fluids influence
ventilatory ability by altering the viscosity of
bronchial secretions and by maintaining an equilibrium in
body fluid balance (Schwartz, 1983).

The second grouping of postoperative factors is
respiratory interventions that are given to the patient.
These interventions have been tested by directly
measuring pulmonary function tests before and after an
intervention is given to the patient or by comparing
subjects given one intervention with subjects given
another intervention. Some of the interventions that
have been identified are (a) incentive Spirometry with

sSustained inspiratory maneuvers, deep breathing
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exercises, and intermittent positive pressure breathing
(Celli, Rodriguez, 8 Snider, 1984); (b) chest
physiotherapy (Warren & Grimwood, 1980); and (c) blow
bottles (Heisterberg, Johansen, Larsen, Holm, & Andersen,
1879). All of the interventions showed changes in
ventilatory ability with the postoperative patient but
none was statistically significant in reducing pulmonary
complications (Celli et al. 1984).

The third grouping of postoperative factors is the
positions of patients. Physiological principles describe
ventilation and perfusion changes in the upright lung
(Anthonisen & Milic-Emili, 19663 Kaneko, Milic-Emili,
Dolovich, Dawson, & Bates, 1966; Moreno & Lyons, 1961
and West, 1978). Ventilation is better in the base of
the lung than in the apex in the upright position due to
gravity pulling down on the lungs and exerting more force
upon the base. Perfusion is also better in the base than
the apex in the upright position due to a hydrostatic
pressure gradient determined by arterial, venous, and
alveolar pressures (West, 1978). The pressure is
greatest in the base of the lungs creating more perfusion
(West, 1978). Position changes thus determine perfusion
ratios in the lung in normal subjects. Ng and HMcCormick

(1982) attribute the distribution of ventilation in the



14
lungs to the distensibility of the lung and chest wall
(compliance), body position, and airway resistance. The
distribution of perfusion to the lungs is dependent upon
the volume of cardiac output, body position, and
pulmonary vascular resistance (PVR). The changing of
ventilation and perfusion distributions in the lungs by
body positioning can affect respiratory rate, the lung
volumes of tidal volume, residual volume, functional
reserve capacity, and total lung capacity. and the amount

of physiological dead space.

STATEMENT OF THE PROBLEH

The identification of preoperative, perioperative,
and postoperative factors that contribute to the
development of postoperative pulmonary complications has
helped to understand the problem but has not altered the
rate of occurrences. Patients with increased risk
continue to require surgery. Individual patient
responses to preoperative and periocperative factors are
difficult to predict. Manipulation is impossible as the
factors are already present when the patient comes to the
hospital for surgery or are determined by the physician
in the operating room. The postoperative period holds

the most promise for the nurse to develop strategies and
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interventions that could impact upon the reduction of
pPulmonary complications.

The question remains, what type of inteventions
might be used to improve ventilatory ability. The review
of literature describes positioning as such an
intervention. Positioning has long been ordered in
routine postoperative orders of early ambulation,
dangling, and turning of the surgical patinet. The
intervention, however, has not been standardized so that
it is carried out in a prescribed way, nor has it been
evaluated for effectiveness in improving ventilatory
ability.

From prior studies the two positions noted to
significantly change ventilatory ability are the head of
bed flat and the head of the bed at 90 degrees
(Kauppinen-Walin, Sovijtarvi, Muittari, & Uusitralo,
1880; Schaanning & Refsum, 18763 and Hsu & Hickey,

19786). The head of the bed flat had been identified as
the worse position for ventilatory ability as measured by
pulmonary function tests and the 90 degree position as
the best. Both of these positions need further study to
determine what effect the position has upon ventilation.
Additional positions such as the head of bed at 45
degrees also need to be evaluated for ventilatory

effects.
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Research has also demonstrated a difference in
pulmonary functioning between different incisional types
(Ali et al. 1374; and Szcepanski et al. 1973).
Subjects with upper abdominal incisions are expected to
exhibit greater changes in ventilatory ability in the
postoperative period than those with lower abdominal
incisions. Patients with lower abdominal incisions are
expected to develop fewer postoperative pulmonary
complications. For this reason, patients with lower
abdominal incisions are excluded from many routine
postoperative interventions such as incentive spirometry,
and are considered less in need of normal postoperative
turning, coughing, deep breathing. This happens despite
the fact that these subjects have all of the same
pPrecoperative, perioperative, and postoperative risk
factors as the patients with upper abdominal incisions.
Additional study of the effect of incisions is needed.

The following questions will be addressed in the

present study:

1. What is the effect of positioning upon
ventilatory ability as measured by pulmonary
function tests in postoperative patients

on day one?
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2. What is the effect of the relationship between
Positioning and the type of incision for

postoperative patients on day one after surgery?

The identification of optimal positions for
Pulmonary function will help to guide the deliverance of
postoperative care to surgical patients. Repositioning
may take on greater significance as as intervention to be
used at regular intervals in the postoperative period.
Figure 1 represents the model for the present study. Fron
the figure, two groups of surgical patients have been
identified for the study. The groups are subjects with
upper abdominal incisions and subjects with louwer
abdominal incisions. Each group of subjects will be
placed into the three positions of head of bed at 90
degrees, head of bed at 45 degrees, and head of bed
flat. In each position, pulmonary function test will be
taken. The expected results of the pulmonary fuction
test for both groups is that the pulmonary function tests
will be highest or demonstrate better ventilatory ability
with the head of the bed at 90 degrees and will be lowest
or demonstrate the worse ventilatory ability with the
head of the bed flat. The 45 degree position will have

medium values.
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PURPOSE OF THE STUDY

The purpose of the study was to determine which of
the three positions is most effective in improving
pulmonary function measures: {a) head of bed flat, (b)
head of bed 45 degrees, or (c) head of bed 890 degrees.
Another purpose was to determine if different incisional
types (upper or lower abdominal incisions) would alter
pPulmonary function measures when the patients are placed

in the three positions.

HYPOTHESES

1. In the first twenty-four hours after a surgical
procedure under general anesthesia, postoperative
patients will have the highest pulmonary function
test results of tidal volume, respiratory rate,
minute ventilation, forced vital capacity, and
forced expired volume in 1 second with the head of
the bed at 90 degrees and the lowest values with

the head of the bed flat.
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2. In the first tuenty-four hours after a surgical
procedure under general anesthesia, positioning of
postoperative patients with upper and lower
abdominal incisions will cause the highest pulmonary
function test results of tidal volume, respiratory
rate, minute ventilation, forced vital capacity, and
forced expired volume in 1 second to be in the head
of the bed at S0 degree position and the lowest

values to be in the head of bed flat position.

QVERVIEW OF THE STUDY

The occurrence of postoperative pulmonary
complications has remained a problem of the same
magnitude for the last fifty years. The identification
of preoperative and perioperative factors that determine
the development of pulmonary complications has not helped
toc alleviate the problem. The renewed interest in
nursing interventions and standards of care of the
surgical patient has led to the identification of
postoperative interventions that could improve
ventilatory ability and thus decrease the occurrences of
pulmonary complications. The present study was based on
the identification of the nursing intervention of

positioning as a way to improve ventilatory ability in
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the surgical patient and to decrease postoperative
pulmonary complications.

The design of the study was a 3 by 2 factorial
design with repeated measures. The factors uwere the
three positions (head of bed flat, head of bed elevated
45 degrees, and head of bed elevated 90 degrees) and the
two incisional types (upper abdominal and lower
abdominal). Subjects with upper abdominal and lower
abdominal incisions were placed into the three positions
in the first postoperative day with pulmonary function
measures of tidal volume (VT), minute ventilation (VE),
respiratory rate (f), forced vital capacity (FVC), and
forced expired volume in 1 second (FEV1) taken in each
position. A data questionnaire was filled out on each
subject to identify preoperative, perioperative, and
postoperative factors about each subject.

After obtaining permission from patients scheduled
for surgery that involved an upper or lower abdominal
incision, preoperative measurements of the pulmonary
function tests were done to familiarize subjects with the
testing equipment. The morning after the surgical
procedure, pulmonary function tests were given to each
subject in the three positions. Three readings of each
measurement were taken in each position with the best or

highest measurement recorded. Thirty-four Postoperative
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patients participated in the study. The purpose of the
study was to identify the optimum position for the best
pulmonary function measures for the three groups of
postoperative patients.

The data were analyzed using a one-way analysis of
variance with repeated measures to determine if
Positioning did have an effect upon pulmonary function
measures. Secondly, the data were analysed with an
analysis of variance with repeated measures to determine
if the effect of positioning upon the pulmonary function
measures varied from one incisional type to another.
Planned comparisons and Tukey tests were done to
determine which positional changes made the greatest
change in pulmonary function tests for the tuo analyses
of variances. The level of significance of the data was

0.05.
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CHAPTER 11

REVIEW OF LITERATURE

Wightman (1968) made a survey of postoperative
complications in the patient undergoing general
anesthesia. The survey showed that (a) the incidence of
Pulmonary complications has changed little in 30 years;
{(b) the highest incidence of complications was seen in
Patients with upper abdominal incisions, and a low
incidence was seen in patients with lower abdominal
incisions; (c) patients having urgent operations for
gastroduodenal bleeding had an exceptionally high
incidence of pulmonary complications; (d) cigarette
smoking and preexisting chronic pulmonary disease were
shoun to be important factors for increasing the
incidence of postoperative pulmonary complications; (e)
the duration of the operation, wound infection, and
obesity were shown to be unrelated to the development of
pulmonary complications; (f) the mest common
complication—-bronchitis--was frequently an exacerbation
of preexisting disease; and (g) atelectasis was not
usually associated with preexisting chronic respiratory
disease. HMany other factors have been discovered and

documented since the paper was presented.
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The factors are separated into three groups for the
purposes of the following discussions. The first group
i3 that of preoperative factors——factors which are
already affecting the patient at the time of surgery.
Risk factors identified from this period are age, sex,
weight/height proportion, smoking history, and concurrent
disease entities especially pulmonary, cardiovascular,
and neuromuscular.

The second group of risk factors is pericperative
elements, those elements which impact the patient at the
time of surgery. Topics that will be covered under this
heading are the type of surgical incision, the type of
premedications and anesthesia, and the stress response of
the body to surgery.

The third group of risk factors is postoperative
elements. The topics that have been identified here are
types of narcotics and sedatives given to the patient,
respiratory therapies, and the nursing intervention of

positioning.

Preoperative Factors

I
Do
Lo}

Age is a factor that determines the development of

postoperative pulmonary complications. As age increases,
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small bronchi and bronchides collapse earlier in the
expiratory cycle, and recoil ability of the lung
diminishes. In a study by Breslin (1981), patients over
the age of 50 with upper abdominal surgerises all
demonstrated moderate to sSevere postoperative pulmonary
alterations. Pneumonia and atelectasis were more
frequently demonstrated in this group.

Luce (1984) documented pulmonary changes with
aging. Atelectasis was three times more common in
patients 80 years of age or older than in younger
individuals. Normal pulmonary changes associated with
aging were increases in closing volumes and decreases in
lumg volumes, flow rates, and arterial oxygen temnsion.
Respiratory muscle strength and endurance also declined
with age.

Latimer et al. (1971) noted impairment in pulmonary
function in 10% of patients younger than 50 years of age
as compared to 42% of patient older than 50 years. The
rPatient at age 50 or older was at increased risk to
develop postoperative pulmonary complications. Age,
however, remained most helpful in predicting the
occurrences of pulmomary complications when other
factors, such as general health and more specific
physiologicai indices of pulmonary function, were

unknown.
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Obesity is defined as weight in excess of 10% of
ideal body weight as determined by the standard
Hetropolitan Life Insurance Company weight/height tables
(Luce, 1980). Luce (1980) revieuwed some of the
respiratory complications of obesity. Luce described
obesity as a generalized increase in body mass with an
excessive accunmulation of fat in the abdominal and
thoracic regions. The excessive fat creates an elastic
resistance of the chest wall to normal inspiratory
movement. The work required by the respiratory muscles
to overcome the chest wall resistance is greater than
normal and makes a high metabolic demand upon the body.
The increased metabolic production leads to an increased
oxygen need and consumption, particularly during
exercise. Pulmonary function abnormalities associated
with obesity included a pattern of shallow, rapid
breathing. The pattern of breathing is an attempt by the
body to conserve energy. Rapid, shallow breaths are less
work than deep, slow breaths. The obese patient alsc
demonstrated a mismatch of ventilation and perfusion that
was more unequal in the supine position.

Rochester and Enson (1974) outlined the major

respiratory complications of obesity in 42 patients with
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and without hypoventilation. The complications included
heightened demand for ventilation with an increased work
of breathing; respiratory muscle inefficiency, diminished
functional reserve capacity, expiratory reserve volume,
and vital capacitys; and, closure of peripheral lung
units. All of the lung changes were related to a
reduction in lung compliance by 25% in obese patients and
40% in obese patients with hypoventilation. A
respiratory resistance to inspiration of 30% to 50%
existed in these patients. In addition, an increase in
end-expiratory abdominal pressure was noted. The
inspiration resistance caused an increase in the work of
breathing by 40% to 50% in obese subjects without
hypoventilation. The oxygen consumption associated With
the increased work of breathing was increased by 2% to
18%. Both groups of obese patients had increased total
and pulmonary blood volumes with normal ratios between
the two. The increased blood volumes led to perfusion
throughout the lung but a marked underventilation of the
dependent regions of the lungs.

Eriksen, Andersen, and Rasmussen (1977) studied 8
massively obese patients (mean weight 130 kilograms)
after jejuno-ileal bypass operations. The measurements
were made in the semirecumbent position. Arterial blood

gas analysis, forced vital capacity, forced expired
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volume in 1 second, and peak expiratory flou rates were
measured in the first 5 days after surgery. Arterial
oxygen tension decreased by 74%, and forced vital
capacity decreased by 45% in the first 24 hours after
surgery but were restored by Day 5. The peak expiratory
flow rates decreased by 774%. The forced expired volume
in 1 second remained the same in the postoperative period
but was only 70% of the predicted preoperative normal
volumes.

Vaughan and Wise (1975) evaluated 22 markedly obese
females (mean of 140% in excess of ideal weight) after a
surgical procedure. Arterial blood gases were taken the
first 3 days after surgery. There was a statistically
significant increase in arterial oxygen tension, carbon
dioxide tension, and base excess with the assumption of
the semirecumbent position on postoperative Days 1 and 2
when compared to the supine position. No difference uas
demonstrable in postoperative Day 3. From the study, the
Semirecumbent position in Days 1 and 2 in the
postoperative period for obese patients is a valuable
maneuver.

To summarize, lung volumes and compliance are
decreased in the obese. The work and energy cost of
breathing is greatly increased with high metabolic

demands and oxygen consumption. The changes in the lungs
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of the obese patient tend to be related to postural
changes. Breathing is more compromised in the supine
Position in these patients. Limitations of the studies
presented on the obese patient are the small number of
subjects per study and the lack of replication of

findings from study to study.

A history of smoking is a risk factor in the
development of postoperative pulmonary complications.
Wightman (1968) showed a statistically significant higher
occurrence of postoperative pulmonary complications among
cigarette smokers.

Wanner (1985) and Vastag, Matthys, Kohler, Gronbeck,
and Daikeler (198%) studied the changes of cigarette
smoking on airway mucosal function. Long-term exposure
to cigarette smoke led to impairment of mucociliary
clearance associated with epithelial lesions, mucus
hypersecretion, and cili<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>