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1. 

ABSTRACT 

Prevention of pulmonary complications following upper abdominal surgery, has 

been a major nursing focus. New laparoscopic techniques are supposed to decrease 

pulmonary complications. A prospective randomized study was done to describe the 

changes that occur in mechanical lung function in the patient after laparoscopic surgery. 

Measurements included the forced vital capacity, forced expiratory volume in one 

second, and peak expiratory flow preoperatively, and at 24 hours and seven days 

postoperatively. Daily measures of forced expiratory volume in one second and peak 

expiratory flow were done for seven days after surgery. 

Six females and nine males with a mean age of 62 (range 35-83) participated in 

the study. Statistically significant (p<0.05) decreases were found in values at 24 hours 

which returned to baseline by the seventh postoperative day. Additional research is 

needed to identify which patients are at high risk for clinically significant reduction in 

lung function. 

9 
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INTRODUCTION 
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According to the National Institutes of Health Consensus Development 

Conference Statement on Gallstones and Laparoscopic Cholecystectomy (1992) 

approximately 10 to 15 percent of the adult population in the United States have 

gallstones, and it is estimated that one million are newly diagnosed each year. In 1991 

approximately 600,000 patients underwent cholecystectomy and it is estimated that about 

80% of the procedures were performed using the laparoscopic method. 

Laparoscopic cholecystectomy (LC) is a relatively new operation first performed in 

France in 1987 and in the United States in 1988. In only a few years LC has become the 

most popular method for treating gallstones in the United States and abroad (Lee, Chari, 

Cucchiaro & Meyers, 1993). In fact, Escarce, Chen, and Schwartz (1995) reported a 

20% increase from 1991-1993 in Medicare patients undergoing LC. The investigators 

also found that the increased surgery rates were accompanied by a lowering of clinical 

thresholds for performing LC. In 1991 a 29% increase in cholecystectomies was 

observed in Connecticut after the advent of LC (Orlando, Russell, Lynch, & Mattie, 

1993). These increases are believed to be in part due to consumer demand and a 

willingness to undergo a procedure that promises less pain and a rapid recovery. This 

rapid recovery may be partially due to smaller incisions which minimize disruption of the 

abdominal wall decreasing the postoperative pulmonary changes that normally 

accompany upper abdominal surgery (Craig, 1981). 

Laparoscopic cholecystectomy is performed using laparoscopic visualization of 
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the gallbladder and surrounding abdominal structures. After inflation of the abdomen 

with carbon dioxide gas, the laparoscope and surgical instruments are introduced through 

multiple half-inch incisions for visualization, manipulation, and dissection of the 

gallbladder. The operation is viewed on a video screen with magnification. The 

operative steps include: identification and isolation of the gallbladder, division of the 

gallbladder from the cystic duct and artery, removal of the gallbladder from its 

attachment to the liver, removal of the gallbladder through one of the small incisions to 

the exterior, removal of the instruments, and closure of the incisions with sutures (NIB, 

1992). The operation usually requires general anesthesia but postoperative 

hospitalization may be as short as one day and the surgery can be done on an outpatient 

basis. Convalescence averages from one to two weeks (Grace et al., 1991). 

Traditionally because of the high rate of pulmonary complications after upper 

abdominal surgery (Latimer, Dickman, Day, Gunn & Schmidt, 1971; Ali, Weisel, Layug, 

Kripke & Hechtman, 197 4 ), nurses have concentrated on teaching maneuvers to improve 

gas exchange and prevent or resolve atelectasis. After LC the number and severity of 

pulmonary complications may be reduced due to less irritation of the diaphragm and 

decreased postoperative pain. If pulmonary function does not fall significantly and 

rapidly returns to baseline values, nurses can decrease or eliminate the time spent 

teaching postoperative pulmonary maneuvers. 

Problem Statement 

The new laparoscopic techniques are advocated as having much less effect on 

pulmonary function and, thus, fewer pulmonary complications. If decreases in 
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pulmonary function are not a problem, nurses and other health care professionals may be 

able to decrease the time and effort spent in preoperative teaching and postoperative 

follow-up of the LC patient. At the same time, if certain subgroups demonstrate 

significant change in function, it is important that the risk factors be identified. 

The trend toward more outpatient care and shorter postoperative hospital stays 

reduces the time a patient spends with health care providers, specifically nurses. With 

time at a premium, nurses must direct preoperative and postoperative education to high 

risk groups and high priority problems. 

Although researchers have studied the effects of laparoscopic cholecystectomy on 

pulmonary function, only one study has evaluated the course and duration of changes in 

forced expiratory volume in one second (FEVl) and forced vital capacity (FVC) for 

greater than two days (Schauer et al. , 1993). Schulze and Thorup (1993) assessed 

pulmonary function for one week after LC by measuring only the peak expiratory flow 

(PEF). Further study is needed so nurses can make research based decisions about care 

of the postoperative LC patient. 

Purpose of Research 

The purpose of this study was to describe the changes that occur in mechanical 

lung function in the postoperative LC patient. The postoperative changes in mechanical 

lung function were compared to preoperative measures of forced vital capacity (FVC), 

forced expiratory volume in 1 second (FEVl) and peak expiratory flow (PEF). The FVC 

was measured at 24 hours and 7 days after the LC procedure and FEV 1 and PEF were 

measured daily for seven days. 



Research Question 

What is the pattern of changes that subjects undergoing LC exhibit in FVC, FEVl, and 

PEF over a period of seven days after operation? 

Secondary Research Questions 

13 

1. IfFVC, FEVl , and PEF decrease postoperatively, do those subjects who perform deep 

breathing exercises and/or incentive spirometry attain preoperative lung function 

sooner than the subjects who did not perform such maneuvers? 

2. IfFVC, FEVl, and PEF decrease in some patients postoperatively, do those patients 

have similar preoperative characteristics? 



CHAPTER2 

THEORETICAL FRAMEWORK 

Pulmonary complications are a major concern following abdominal surgery. The 

surgical procedure interferes with mechanical lung function in a variety of ways. The 

theoretical basis for this research is based on nonnal mechanical lung function and the 

changes imposed by cholecystectomies, via the open versus the laparoscopic route. 

The following chapter will discuss the normal physiology of ventilation and the 

changes that occur after OC and LC. These changes include an altered pattern of 

breathing and a reduced VC caused by surgical trauma and general anesthesia. 

Normal Physiology 

Contraction and relaxation of the diaphragm is the prime factor responsible for 

the pleural pressure changes that occur during spontaneous ventilation. During normal 

respiration, 60% of the inspired tidal volume is contributed by a contraction of the 

diaphragm (Konno & Mead, 1967). Intrapleural pressure is negative during normal 

breathing due to the tendency of the chest wall to expand and the lung to recoil. 

Contraction of the diaphragm increases the negative intrapleural pressure by pushing 

down on the abdominal contents and lifting the rib cage causing outward displacement of 

the chest wall. Transpulmonary pressure is the difference between the pressure in the 

alveoli and intrapleural pressure. The more negative the intrapleural pressure the greater 

the transpulmonary pressure which is responsible for lung expansion during inspiration. 

Interference with the generation and maintenance of negative intrapleural pressure will 

decrease transpulmonary pressure and promote the collapse of alveoli (Murray, 1986). 



15 

The combination of surgical trauma, which causes pain and diaphragm 

dysfunction, and general anesthesia lead to the abnormal physiology that occurs after 

OC. Although LC requires general anesthesia, there is less surgical trauma which should 

result in less interference with normal diaphragm function. 

Abnormal Physiology 

After upper abdominal surgery the pattern of breathing changes. Tidal volume is 

decreased, and to maintain the minute volume, respiratory rate is increased 

(Brooks-Brunn, 1995). The patient consciously overrides the normal sigh reflex and the 

marginal tidal ventilation and the absence of periodic stretching of affected lung zones 

combine to inhibit surfactant secretion. The result of these changes is alveolar collapse 

(Demers & Saklad, 1976). A decrease in the negative intrapleural pressure leads to 

smaller lung volumes with compression of small airways and alveoli. The small airways 

(less than 1 mm in diameter) in the periphery of the lung are not supported by cartilage 

and so are particularly susceptible to changes in transmitted pleural pressures (Craig, 

1981). Small airways are held open by the traction applied by inflated alveoli. As 

alveoli are compressed traction on the small airways is lost. Following closure of the 

airway the gas remaining in the alveoli is absorbed, resulting in alveolar collapse. The 

consequence is reduction in ventilation to affected lung regions producing low 

ventilation to perfusion relationships. Failure of an airway to reopen will lead to total 

collapse of the lung unit served by the airway producing atelectasis (Craig, 1981 ). An 

increase in atelectasis will produce a reduction in vital capacity (VC). 

Multiple studies have shown a decreased VC after upper abdominal surgery 
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(Drain, 1981; Ford, Whitelaw, Rosenal, Cruse & Guenter, 1982). Craig (1981) 

demonstrated a decrease in VC to 40% of preoperative values following upper abdominal 

surgery with depression in VC persisting for up to 14 days. The decrease in VC is related 

to a decrease in expiratory reserve volume (ERV); the ERV plus residual volume equals 

functional residual capacity (FRC). Closing volume (CV) is the lung volume at which 

airways in the dependent areas are believed to undergo compression and closure. As 

long as CV is smaller than FRC it lies below the end-tidal point and airways remain 

open. The obese have a decreased ERV proportional to weight; the decreased ERV is 

associated with an increase in CV. Increasing age and a history of smoking are also 

associated with an increased CV. In patients undergoing upper abdominal surgery the 

postoperative decrease in FRC and ERV could lead to the CV exceeding the FRC. The 

CV would lie above the end-tidal point, exposing airways to closure and compression 

during tidal breathing. The premature airway closure makes the individual susceptible to 

atelectasis (Gennaro, 1979). 

Another cause of decreased lung volumes postoperatively is an ineffective cough 

reflex. Surgery and anesthesia reduce the patient' s ability to generate an adequate cough 

which may lead to retained secretions. These secretions block airways which can also 

lead to atelectasis (Drain, 1981 ; Demers & Saklad, 1976). During the cough maneuver 

an adequate FEVl is an important determinant in the generation of the high velocities 

necessary to clear secretions (Drain, 19 81). 

Peak expiratory flow is the maximum flow achieved during an expiration 

delivered with maximal force starting from inspiratory capacity. Peak expiratory flow is 
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affected by lung volume, the elastic properties of the lung, the caliber of the large 

airways, and by the strength and coordination of the expiratory muscles, primarily 

abdominal (Quanjer et al., 1997). Disruption of the diaphragm or abdominal muscles 

will affect the PEF. In the absence of a change in the caliber of the large airways, a 

change PEF measurement can reflect a change in the strength of the expiratory muscles. 

Factors Contributing to Pulmonary Dysfunction after OC 

Pain caused by surgical trauma and large wound incision with dissection of the 

abdominal musculature may limit respiratory excursion. Demers and Saklad ( 1976) 

believed the most common cause of atelectasis in the postoperative period could be 

attributed to the limitation of diaphragmatic excursion secondary to incisional pain. The 

type of surgical incision has been shown to influence postoperative pain. Goco and 

Chambers (1988) demonstrated that the smaller wound of mini-cholecystectomy, which 

is an open procedure with a much smaller incision than traditional OC, correlated with 

less pain. 

However, not all ventilatory dysfunction can be attributed to pain. Ross, 

Tweedie, Leong, Wyman and Smithers (1989) demonstrated that postoperative 

ventilatory function could not be restored to normal by epidural, intercostal, or 

intrapleural blocks with local anesthetics. The failure of pain control to restore 

ventilatory function suggests that the surgical trauma is the major cause of the impaired 

ventilation, possibly by disturbing the muscular function of the diaphragm (Gunnarsson, 

Lindberg, Tokics, Thorstensson & Thorne, 1993). Ford, Whitelaw, Rosenal, Cruse and 

Guenter (1982) found significant changes in transdiaphragmatic pressures in patients 



after upper abdominal surgery. The authors suggested that the mechanism of 

diaphragmatic dysfunction after upper abdominal surgery is caused by sympathetic or 

vagal discharge which inhibits phrenic nerve output. 

Another factor contributing to pulmonary dysfunction is general anesthesia. 
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Brismar et al. (1985) demonstrated that atelectatic densities on chest radiograph develop 

within minutes of induction of general anesthesia. General anesthesia also interferes 

with pulmonary gas exchange (Rehder, Sessler & Marsh, 1975) and causes respiratory 

depression postoperatively (Brooks-Brunn, 1995). So regardless of the type of surgery, 

any patient who receives general anesthesia is likely to experience some degree of 

atelectasis, respiratory depression, and disturbances of gas exchange. 

Factors Contributing to Pulmonary Dysfunction after LC 

Studies (Joris et al., 1992; Soper, Barteau, Clayman, Ashley & Dunnegan, 1992; 

McGinn et al., 1995; Vanek, Rhodes & Dallis, 1995; Farrow, Fletcher, & Jones, 1993; 

Schauer et al., 1993) have shown there is significantly less pain after LC compared to 

OC. The use of four to five small incisions during LC minimizes disruption of the 

abdominal wall. The decreased surgical trauma is believed to be responsible for the 

reduced pain experienced after LC. However, Rademaker et al. (1992), when comparing 

two groups of LC patients, one with improved pain control using epidural anesthesia 

during and after LC and one group with no epidural anesthesia, found no statistically 

significant change in pulmonary function. So, as with OC, pain does not appear to be a 

major factor in postoperative pulmonary dysfunction following LC. 

The potential for diaphragm dysfunction does exist with LC. In addition to 
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mechanical irritation from the instrumentation and manipulation required to remove the 

gallbladder, the abdominal cavity is inflated to a pressure of 15 millimeters of mercury 

(mmHg) to enable visualization of internal structures. However studies that have 

measured diaphragm function after laparoscopy-induced pneumoperitoneum and LC 

found no diaphragm dysfunction (Benhamou et al. , 1993; Couture, Chartrand, Gagner, & 

Bellemare, 1994 ). 

The effects of general anesthesia on LC patients should be no different than 

patients undergoing OC. Laparoscopic cholecystectomy operating time is longer, ranging 

from 27-140 minutes verses 18-95 for OC (Joris et al. 1992; Majeed et al. 1996), but 

Latimer ( 1971) reported an increased complication rate from general anesthesia only for 

operating times greater than 3. 5 hours. If diaphragm dysfunction is reduced or 

eliminated in LC, general anesthesia would be the most likely cause of decreased 

pulmonary function. 

Summary 

Although LC should be associated with fewer postoperative pulmonary 

complications than OC, there remains the potential for such complications to occur. 

These complications are most likely related to changes in mechanical lung function . 

Factors commonly cited are impaired diaphragmatic function, altered breathing pattern, 

and the effects of general anesthesia. Multiple studies have shown that mechanical lung 

function is affected by open cholecystectomy (OC) resulting in a reduced FVC and 

FEV 1. This reduction in pulmonary function is believed to be related to the effects of 

anesthesia, irritation of the diaphragm, and incisional pain. 
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Laparoscopic surgery has also been found to reduce the FVC, FEVl , and PEF in 

patients postoperatively, however the decrease is not as severe as in the open procedure. 

Less diaphragmatic irritation and smaller incisions that cause less disruption of the 

abdominal wall have been suggested as the mechanism for the reduced impact on 

pulmonary function. It is very difficult to measure alterations, such as diaphragmatic 

irritation, that occur after LC. However, the result of these changes, the change in 

mechanical lung function can be easily measured. A clinical non-invasive measure of 

the effects of these factors is measurement ofFVC, FEVl , and PEF. A significant 

decrease in these clinical measures would identify those persons with impaired 

mechanical lung function and those at most risk of pulmonary complications. 



CHAPTER3 

REVIEW OF LITERATURE 
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The review of the literature includes studies that measured pulmonary function 

preoperatively and postoperatively in patients undergoing laparoscopic surgery. These 

studies have been divided into two groups; those that measured pulmonary function for 

up to 24 hours postoperatively, and those that measured pulmonary function for more 

than 24 hours postoperatively. The majority of studies evaluated pulmonary function up 

to 24 hours after surgery and did not identify when mechanical lung function returned to 

baseline. 

Pulmonary Function Measured at 24 or Less Hours 

Frazee et al. (1991) in a prospective study compared pulmonary function in 

patients undergoing open versus laparoscopic cholecystectomy. Measures of lung 

function, the FVC, FEVl, and forced expiratory flow 25% to 75% (FEF 25%-75%) were 

perfonned before operation and the morning after surgery. During the six week study 

period 16 patients with a mean age of 54 (21-86) underwent OC and 20 patients with a 

mean age of 47 (23-84) underwent LC. The postoperative FVC was 52% of preoperative 

function for the OC group and 74% for the LC group (p=0.002). The postoperative 

FEVl was 53% of baseline function for the OC group and 72% for the LC group 

(p=0.006). Postoperative FEF 25%-75% measured 53% of preoperative function in the 

OC group and 81 % for the LC group (p=0.07). All three measures of postoperative 

pulmonary function demonstrated approximately 20% to 25% better function in those 

patients undergoing LC. Frazee et al. concluded that physiologic alterations of 



pulmonary function are reduced significantly with the laparoscopic technique for 

cholecystectomy. 
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Gunnarsson et al. (1995) compared pulmonary function and gas exchange in 36 

patients with a mean age of 44 (18- 69) undergoing OC or LC. Pulmonary function was 

measured preoperatively and at two hours and 24 hours postoperatively by measuring 

FVC and FEVl. Two hours after surgery FVC was reduced to 64% (± 16%) (p<0.05) of 

the preoperative level in the LC group and 45% (±23%) (p<0.05) in the OC group. On 

the first postoperative day FVC had increased in the LC group to 77% (± 17%) (3.24 L 

± 1.22) of preoperative level but in the OC patients FVC was still significantly reduced 

(p<0.05) to 56% (± 13%) (2.21 L ±0.58) of preoperative values. Forced expiratory 

volume in one second in the postoperative period followed the same course as FVC. 

Atelectasis detected by computed axial tomography of the lungs was found in both 

groups, however the amount of atelectasis found in the LC group tended to be smaller. 

Gunnarsson and colleagues concluded that ventilatory function deteriorated and 

atelectasis occurred regardless of the surgical technique used, but the impairment was 

less pronounced and recovery period shorter following the laparoscopic technique. 

Rademaker et al. (1992) studied 30 patients undergoing cholecystectomy with 

general anesthesia. The patients were assigned to one of three groups: group I OC (mean 

age 40.9 ±9.4), group II LC (mean age 48.4 ±19.7), and group III LC (mean age 49.9 

± 11.6) with general and epidural anesthesia during the surgery and epidural anesthesia 

after surgery. Peak flow, FVC, and FEVI were measured with the patients in a 



semi-fowlers position preoperatively and at 2, 4, 8, and 24 hours after surgery. Patients 

were confined to bed and did not receive chest physiotherapy, breathing exercises, or 

incentive spirometry. 
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The FVC was decreased in all three groups throughout the first 24 hours after 

surgery. In group I FVC decreased from 3.6 L (±0.42) to 1.1 L (±0.27) (p<0.01), in group 

II from 3.6 L (± 1.5) to 2.1 L (±.94) (p<0.05), and in group III from 3.8 L (± .92) to 2.8 L 

(±.90) (p<0.05) two hours after surgery. Similar changes were seen in the FEVl and PEF 

measures. There was a significantly smaller (p<0.05) reduction in FVC in groups II and 

III compared with that in the OC group. No statistically significant differences were 

found between the two LC groups. Rademaker et al. (1992) concluded that, although 

there was less impairment than seen with OC, pulmonary function decreased 

significantly after LC and the decrease was not affected by postoperative epidural 

anesthesia. 

Tousignant, Wiesel, Laporta, and Sigman (1992) studied 14 nonobese patients 

scheduled for LC. The patients were divided equally on the basis of age into two groups, 

those older than 50 and those younger than 50 years of age. Forced vital capacity and 

FEVl were measured preoperatively and at 1, 6, and 24 hours postoperatively when the 

patients were alert and pain free. All postoperative values were significantly decreased 

compared to preoperative values and significantly lower in the greater than age 50 group 

compared to the less than age 50 group at 6 and 24 hours after operation. Tousignant, 

Wiesel, Laporta, and Sigmans' (1992) findings demonstrated that FVC and FEVl remain 
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abnormal for at least 24 hours after LC, and there is a greater reduction in patients older 

than 50 years of age. 

Eight OC and 11 LC patients younger than age 60 had FVC and maximum 

voluntary ventilation (MVV) measured in the sitting position preoperatively and one day 

postoperatively (Reed, Han & Sampson, 1991). Forced vital capacity, and MVV 

decreased significantly (p<0.05) postoperatively by 37% (± 11) and 39% (± 10) 

respectively after OC compared to 15% (± 15) and 20% (±9) respectively following LC. 

The authors ' surmised that the preservation of lung function following LC decreases the 

risk for atelectasis, pneumonia, and hypoxemia. 

Farrow et al. (1993) tested the hypothesis that surgical access alone has a 

significant impact on postoperative morbidity by prospectively studying 37 OC patients 

with a mean age of 47 and 40 LC patients with a mean age of 41. Forced vital capacity 

and FEVl was measured preoperatively and on the first day after surgery. The patients 

were monitored for pulmonary complications that were considered present if two or more 

of the following were observed: temperature greater than 3 8 degrees centigrade, 

development of a productive cough, new auscultatory finding (as assessed by ward 

physiotherapist). 

Postoperative pulmonary function significantly decreased in both groups. The 

fall in FVC and FEVl in the OC group, to 47% and 46% of preoperative respectively, 

was more than double that of the LC group in which both measurements decreased to 

76% of preoperative values. One patient in the LC group developed a pulmonary 
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complication, versus six in the OC group. Although the criteria for a pulmonary 

complication were not entirely objective, this was the only study found that specifically 

monitored for clinical symptoms of pulmonary complications when comparing LC and 

oc. 

Preoperative and postoperative pulmonary function tests, maximum inspiratory 

negative pressure, chest radiograph, atelectasis, and arterial blood gases were measured 

in 31 patients with a mean age of 47 (± 14) years undergoing LC (Johnson et al. 1992). 

At 22 (±3) hours postoperatively total lung capacity (TLC), functional residual capacity 

(FRC), vital capacity (VC), inspiratory capacity, expiratory reserve volume (ERV), 

arterial oxygen tension (Pa02), and arterial carbon dioxide tension (PaC02) all decreased 

but only VC, FRC and Pa02 demonstrated statistically significant changes. Although 

lung volumes decreased significantly, Johnson et al. were unable to show any changes in 

breathing patterns by tidal volume or respiratory rate. 

Liu et al. (1993) in a randomized, double-blind, placebo-controlled study 

evaluated the effects of ketorolac administration on pulmonary function in 60 patients 

undergoing LC. Ketorolac is a nonsteroidal anti-inflammatory drug. Patients were 

randomly assigned to either a saline (n=29) or a ketorolac (n=31) treatment group. 

Baseline measurements of PVC, FEVl , and PEF were obtained with the patient in a 

semi-fowlers position. Measures were repeated four hours after the operation and 

between 0800-1000 the following morning. Patients in both groups had significant 

reductions in their FVC, FEVl , and PEF four hours after surgery and the next morning 
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when compared with preoperative values (p<0.01). At four hours postoperative only the 

FEVl was significantly higher (p<0.05) in the ketorolac group as compared with the 

saline group. Liu et al. concluded that the use of ketorolac failed to influence ventilatory 

impairment after LC. 

Pulmonary Function Measured at Greater than 24 Hours 

Thirty LC and 11 QC patients had PEF, FVC, FEVl and FEF 25-75% measured 

on the day of surgery, at 6-12 hours postoperatively and at 24 hour intervals until hospital 

discharge (Patel et al. 1991). The pulmonary function of both groups was significantly 

depressed at 6 and 12 hours. At 24 hours the pulmonary function of the LC patients had 

recovered to 80% of the control values. Recovery of lung function was slower in the QC 

patients but data beyond 24 hours was not reported. The average length of stay for the 

LC patients was 42.8 (±6.0) hours and 141.8 (±29.7) hours for the QC patients. Patel et 

al. believed that the rapid recovery of pulmonary function contributed to decreased 

complications, and early hospital discharge. 

Forced vital capacity, FEVl , ventilatory frequency and tidal volume were 

measured preoperatively and at four hours and two days postoperatively in 15 QC 

patients with a mean age of 51. 8 (29-70) years and 15 LC patients with a mean age of 46 

(22-65) years (Joris et al. 1992). At four hours and two days postoperative FVC and 

FEVl decreased in both groups, but after LC the reduction in FVC and FEVl were not as 

pronounced as after QC (p<0.05). Forced vital capacity decreased in the LC group from 

3.73 L (±0.17) preoperative, to 2.14 L (±0.22) at four hours and 2.6 L (±0.19) at two days 
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postoperative and in the OC group from 3.29 L (±0.17) to 1.52 L (±0.13) at four hours 

and 1.94 L (±0.11) at two days postoperative. Forced expiratory volume at one second 

decreased in the LC group from 2.34 L (±0.14) preoperative to 1.6 L (±0.19) and 1.99 L 

(±0.15) at four hours and two days respectively and in the OC group from 2.33 L (±0.16) 

to O. 96 L ( ± 0 .11) and 1. 9 L ( ± 0 .11) at four hours and two days respectively. Joris et al. 

demonstrated postoperative changes in pulmonary function typical of upper abdominal 

surgery and the findings confirmed that LC resulted in less respiratory dysfunction than 

OC. 

Schulze and Thorup ( 1993) assessed pain, fatigue and pulmonary function in 50 

patients with a mean age of 53 (18-85) years before, six hours after LC, and then daily for 

one week. Pulmonary function was assessed by measuring the peak flow in liters per 

minute. The median peak flow was reduced from 445 L/minute to 315 L/minute (29% 

reduction) (p<0.01) six hours after the operation and to 360 L/minute (19% reduction) 

(p<0.01) the first postoperative day as compared to preoperative measures. By day eight 

the peak flow had returned to baseline values. There was no correlation between age or 

length of operation and changes in pulmonary function. The median time it took for 

patients to resume normal activities was seven days (range, 3-35). 

Da Costa et al. (1995) measured maximal inspiratory strength (MIS) as a measure 

of diaphragmatic muscle strength and hand grip strength as a measure of skeletal muscle 

strength to determine if skeletal and respiratory muscle strength are affected to the same 

extent in LC and OC patients. Hand grip strength and MIS measures were obtained 
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preoperatively and at approximately 24 hour intervals for at least 3 days postoperatively 

in three groups. The three groups were: patients undergoing OC (n=12, mean age 42.4 

±9.7), patients having LC (n=25 , mean age 51.3 ± 14.1), and a control group having lower 

limb surgery (n=12, mean age 47.4 ±41.2). There was a statistically significant (p<0.05) 

reduction of MIS in all three groups within the first 24 hours after surgery. The control 

group decreased from a mean of 123.1 (± 14.3) to 100.9 (±9.7) mmHg, the LC group 

decreased from a mean of 118.8 (±20.1) to 98.2 (± 17.4) mmHg, and the OC group 

decreased from a mean of 112.5 (± 17.8) to 82.5 (± 11.3) mmHg. In the OC group the 

MIS remained significantly reduced (p<0.05) for up to 96 hours, but in the LC group the 

drop persisted for only 24 hours which was similar to the control group. Hand grip 

strength decreased equally in all groups and returned to baseline within 48 hours. 

The mean time to return to work was 10.7 (±2.5) days in the LC group compared 

to 22.3 (±2.7) days in the OC group. Da Costa et al. (1995) believed the prolongation of 

depressed respiratory muscle strength in the OC group was an effect of the abdominal 

incision and not the generalized muscle weakness caused by surgery and general 

anesthesia. 

In a prospective study, 40 patients were randomly assigned to one of four general 

surgery services, two used open technique and two used laparoscopic technique for 

gallbladder removal (Schauer et al, 1993). The OC patients had a mean age of 38.5 

(13-64) and the LC patients had a mean of 37.2 (17-63) years of age. Forced vital 

capacity, FEVl, FEF 25-75%, MVV, and oxygen saturation were obtained on the day 



before operation and postoperatively on days 1-5, 7, and 12 or until values returned to 

within 10-15% of baseline. Patients received routine pulmonary care which included 

incentive spirometry, and coughing and deep breathing exercises every four hours until 

hospital discharge. 

Significant decreases occurred in all pulmonary function values after OC. 
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Postoperative pulmonary function was reported as a percentage of baseline. Forced vital 

capacity, FEVl, FEF 25-75%, and FEF max measured 49%, 44%, 34%, and 38% 

respectively of preoperative function on postoperative day 1 (p<0.01 for all values). 

Spirometry measures returned to preoperative values within 7-12 days after surgery. 

After LC, a slight but statistically significant decrease occurred one day 

postoperatively in all pulmonary function tests. Forced vital capacity, FEVl, FEF 

25-75%, FEF max fell to 79%, 76%, 68%, and 76% respectively (p<0.01). Values 

returned to within 15% of preoperative levels within 5 days. 

In a prospective study Freeman and Armstrong ( 1994) measured pulmonary 

function in 22 patients with a mean age of 48 (± 13.6) years undergoing LC. Forced vital 

capacity and FEVl were measured preoperatively and at 24 hours and 6 weeks 

postoperatively. The mean FVC decreased significantly (p<0.001) from 3.68 L (± 1.09) 

preoperatively to 2.89 L (± 1.17) 24 hours postoperatively. The average decrease in 

FEVl ranged from 39% to 46% of preoperative values. The mean FEVl also decreased 

significantly (p<0.001) from 2.89 L (±0.80) before surgery to 2.16 L (±0.80) 24 hours 

after surgery. There was no change postoperatively in the FEVl/FVC ratio. Twelve 
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patients had pulmonary function measures repeated six weeks after surgery and FVC and 

FEVl had returned to preoperative values. The authors proposed that the decrease in 

FVC and FEVl? and no change in the FEVl/FVC ratio? suggested that the major change 

in respiratory function was due to a reduction in respiratory muscle function rather than 

any large airway obstruction. 

Summary 

Studies comparing pulmonary function in patients undergoing OC? versus patients 

undergoing LC demonstrated significant but less pulmonary dysfunction after LC. 

Studies that followed pulmonary function over time in postoperative LC and OC patients 

found that LC patients' pulmonary function returned more rapidly to baseline values. 

Only one study obtained measurements ofFVC and FEVl daily for five days after LC. 
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31 

A descriptive design was used to describe the changes in mechanical lung 

function in patients who underwent LC. Mechanical lung function was assessed by 

measurement of the major study variables FVC, FEVl , and PEF. This chapter will 

describe the population, protection of human subjects, data collection and data analysis. 

Population 

The population from which this convenience sample was drawn were adult patients 

scheduled for LC by general surgeons in a group practice in the Southwest. Scheduling 

secretaries at the surgical center were contacted regularly to determine if and when new 

patients were scheduled for LC. An announcement of the study was included in a 

preoperative packet given to patients scheduled for LC (appendix A). 

Each potential subject was scheduled for LC and met the following criteria: 

1. age 18 years or older 

2. English speaking 

3. surgeon approval for subject participation 

4. if pregnant, at less than 24 weeks gestation 

Patients underwent a second screen postoperatively and were excluded from the study if: 

1. the LC was converted to an OC 

2. the patient received continuous mechanical ventilation postoperatively 
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Protection of Human Subjects 

A description of the study's purpose and methods was given to potential subjects. 

Potential risks and benefits were explained and any questions asked by the patient 

answered. The potential subjects were informed that their participation in the study was 

free of monetary costs, but it would take approximately three hours of their time. The 

decision not to participate in the study would not affect their medical care. Informed 

consent was obtained from subjects who agreed to enter the study and documented on the 

Subject's Consent Form (Appendix B). Research proposal approval was received from 

the University of Arizona Human Subjects Committee, Tucson Arizona (Appendix C). 

Instruments 

Two instruments were used to measure mechanical lung function. The 

Renaissance Spirometry System TM made by Puritan-Bennett was used to obtain values 

of PVC, FEVl and PEF preoperatively, 24 hours postoperatively, and seven days 

postoperatively. Measures obtained with the Puritan-Bennett were done by the 

investigator with appropriate subject coaching. The Peakman 8 monitor, which was 

designed for patient's home use, was operated by the subjects to obtain measures of 

FEVl and PEF preoperatively and daily for seven days postoperatively. 

Puritan-Bennett Renaissance Spirometry System TM 

The Puritan-Bennett Renaissance Spirometry System TM (hereafter referred to as 

the Puritan-Bennett) was used to obtain measurements of FVC, FEVl and PEF. The 

system presents measurements as both absolute and percent predicted values. The 

Puritan-Bennett meets the guidelines of the American Thoracic Society (ATS). The ATS 
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standards for measuring FVC, FEVl , and PEF require that a spirometer be capable of 

measuring volumes up to seven liters with an accuracy of at least ±3% of the reading or 

±0.05 liter, whichever is greater, with flows between zero and 12 liters. The spirometer 

should be capable of accumulating volume for at least 15 seconds and the start of the test 

should be determined by the back extrapolation method or equivalent. The resistance to 

airflow from zero to 12 liters should be less than 1.5 cm water per liter/second (ATS, 

1987). 

The Puritan-Bennett has the capability to store approximately 100 patient tests for 

future printing. The spirometry unit is placed in a base station for downloading reports 

to a printer. The base station also serves as a charger between uses. 

The Puritan-Bennett has a built-in quality control system to help the subject 

perform a satisfactory FVC maneuver. Messages such as "start faster", "blow out 

longer", are displayed to help improve the next FVC maneuver if the subject' s effort is 

not acceptable. The machine must display three "good test" messages, indicating the 

subject has performed three satisfactory maneuvers. The efforts are graded from A to F, 

and are generated using criteria similar to that of the test quality messages. The FVC 

grade is the index of the degree of confidence which should be placed in the reported 

FVC. The FEVl grade indicates the reliability of the reported FEVl. As recommended 

by the manufacturer, the spirometer was calibrated with a PB-300 calibration syringe 

before each subject's initial measurements (Puritan-Bennett Corporation). 
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Peakman 8 

The Peakman 8 monitor is an electronic spirometry device that meets the 1987 

ATS standards and which measures PEF and FEVl. The Peakman 8 monitor was 

initially developed to facilitate home monitoring of patients with asthma. The Peakman 

8 monitor was chosen for this study because it is a unit which will measure FEV 1, can be 

used easily at home, has automatic electronic recording of measurements, and provides a 

visual feedback to the subject about each FVC maneuver. The Peakman 8 monitor does 

not measure FVC, but even with a device which would provide an FVC, an adequate self

performed FVC in an untrained subject is difficult to obtain. 

The Peakman 8 records the date and time of day of each FVC maneuver and can store 

up to 500 peak flow/FEVl measurement pairs. Absolute values ofFEVl and peak flow 

are recorded and saved. The same method was used to calculate the percentage predicted 

as was used for values obtained on the Puritan-Bennett spirometer. 

A measure of quality control is provided by a subject feedback mechanism. The 

investigator can enter a "personal best peak flow" into the activated unit. Patient effort is 

ranked at 81-100% of the value, 51-80%, or less than 50%. The colors green, yellow, 

and red represent these three zones on the display. If a patient's effort is 81 % to 100% of 

their personal best the monitor will highlight a green dot, 51 %-80% the monitor will 

highlight a yellow dot, below 50% a red dot will be highlighted. The subject must 

forcibly exhale for at least two seconds to obtain a reading. The Peakman 8 will store 

only the best peak flow and FEV1. 
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Data Collection 

After receiving the physician's approval (Appendix C) potential subjects were 

contacted after their preoperative visit, but before surgery, to determine if they were 

interested in participating in the study. The study' s purpose, methods, and schedule for 

data collection was explained. An overview of the time line for data collection is 

represented in Figure 1. If the subject consented to enroll in the study, the investigator 

met with the subject to obtain baseline data. Demographic data, including age, height, 

weight, race, gender, smoking history and preexisting lung disease, were collected by 

interview. Information was recorded on the data collection form (Appendix D). 

The identification number and baseline data needed to calculate the percent 

predicted were entered into the Puritan-Bennett spirometer. The unit was used according 

to manufacturers' instructions. The subject was instructed in performing a forced 

expiratory maneuver and all measurements were taken with the patient standing. 

Preoperative FVC, PEF, and FEVl measurements were obtained with the investigator 

coaching the subject. If the subject could not produce three "good test" messages after 

several attempts, they were instructed to rest and given the opportunity to try again. The 

disposable pneumotach that was used for the initial test was marked with the subject's 

identification number and bagged for future use. 
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The subject was then instructed in the use of the Peakman 8 monitor. After 

resting, the subject performed three expiratory maneuvers with the investigator coaching 

and PEF and FEVl parameters were obtained on the Peakman 8 monitor. The subject 

was observed using the Peakman 8 monitor correctly, and was given a home instruction 

sheet ( appendix F). Before a Peakman 8 monitor was assigned to a patient it was set to 

the correct date and time. The subject's personal best preoperative PEF was then entered 

into the monitor. 

At 24 (±6) hours postoperative LC, the investigator again met with the subject at 

the subject's home. The FVC, FEVl, and PEF measures were obtained with the 

Puritan-Bennett spirometer and the FEVl and PEF measures with the Peakman 8 

monitor. Instructions for use of the Peakman 8 monitor were reinforced and the subject's 

technique evaluated. If the patient's peak flow at this time was not within 81 % of 

baseline the subject was told he/she may be unable to highlight the green dot when 

performing the FVC maneuver the next day. The subject was given the Peakman 8 

monitor to use at home each morning before eating for the next six days. 

The investigator's phone and pager number were given to each subject in case 

they had any problem with the Peakman 8 monitor. A phone call was made by the 

investigator on the third postoperative day to reinforce the instructions and answer any 

questions. 

Seven days after LC the investigator again met with the subject to obtain the final 

FEVl, PEF, and FVC measurements using the Puritan-Bennett spirometer. If the subject 
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had not used the home monitor that day, PEF and FEVl measures were obtained on the 

Peakman 8 monitor. At this time the subject was asked whether or not he/she received 

any instructions pre- or postoperatively on deep breathing or coughing exercises, and, if 

so, were these exercises performed. In addition, the subject was asked about the activity 

level required at work and the expected date of return to work. 

After the subject's participation was complete, all the patient's measurements 

from the Peakman 8 monitor were retrieved and recorded on the data collection form. 

The Puritan-Bennett was placed in the base station and the subject's reports printed. 

Data Analysis 

Descriptive statistics were used to present the demographic data. The 

characteristics of the subjects were described using measures of central tendency and 

measures of dispersion. The one-tailed paired t-test was used to determine differences in 

the pre- and 24- hour and seventh day postoperative absolute values of the FVC, FEVl, 

and PEF. One- tailed paired t-tests were used to determine differences between baseline 

and each subsequent postoperative day's FEVl and PEF to determine when there was no 

longer a statistically significant difference. The Bonferroni correction was made to avoid 

a type I error. The level of significance was set at p < 0.05. 

Postoperative absolute values were converted to percent of baseline values to 

determine clinical significance and ascertain on what postoperative day subjects returned 

to within 10% of baseline. Group data were analyzed by calculating the mean percent of 

baseline FVC, FEVl, and PEF of all subjects preoperative, 24 hour and 7 day 

postoperatively and FEV 1 and PEF for each day. The daily individual and group data 
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were presented in graphic form to follow trends over time. 

To insure comparability of the two measurement devices in this population, Pearson' s 

coefficient of correlation was performed. Measurement of FEV 1 and PEF by the two 

devices were compared at baseline. 

Summary 

In this chapter the research design, population, eligibility for subject 

participation, and protection of human subjects, were described. The measurement 

instruments and the methods of data collection and analysis were discussed. 



CHAPTERS 

RESULTS 

The results of the data analysis are divided into two sections. The first section 

describes the sample characteristics. The second section is a presentation of the data 

analysis for each research question and additional descriptive data. 

Description of Sample 
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A total of ten subjects were recruited for the study. One subject did not complete 

the study due to hypertensive crisis and extended postoperative hospital stay (N=9). Six 

females (n=6) and three males (n=3) participated in the study. The ages of the subjects 

ranged from 35 to 83 with a mean age of62 years (±15.7). Eight subjects were 

Caucasian and one was Hispanic. 

Only one subject currently smoked ( smoking history = 16 pack/years), four 

subjects were ex-smokers but none had smoked in the last ten years, and four subjects 

had never smoked. Six of the subjects had no history of lung disease, one had a past 

history of questionable asthma but no current symptoms, one had a history of 

bronchiectasis, and one had a history of emphysema (Table 1 ). 

Results of Data Analysis 

The primary research question asked what is the pattern of change in FVC, FEVl , 

and PEF in subjects over a period of seven days after LC? Each of these variables will be 

discussed separately. The preoperative, 24- hour, and seventh day measurements were 

obtained with both measurement instruments the Puritan-Bennett and Peakman 8. Day 

two through six FEVl and PEF were measured with the Peakman 8 monitor only. 
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Table 1 

Demographic characteristics of sample 

Male (n=3) Female (n=6) 

Age 

Range 70-83 35-76 

Mean 74.6 59.8 

SD 7.2 26.9 

Smoking History 

Smoker 0 1 

Ex-Smoker 1 3 

Never Smoked 2 2 

History of Lung disease 

No 1 5 

Yes 2 1 

COPD 2 

Asthma 1 
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Instruments 

To assess the comparability of the two measurement instruments, measurements of 

the FEVl and PEF obtained on the Puritan-Bennett spirometer and the Peakman 8 

monitors were compared at baseline using the Pearson's coefficient of correlation. A 

positive linear correlation was found between the Puritan-Bennett spirometer and the 

Peakman 8 monitor for both the FEVl (r = 0.86) and PEF (r = 0.81 ). 

The Puritan-Bennett spirometer is a more sophisticated instrument and forced 

expiratory maneuvers were performed with the investigator present coaching the 

subjects. The FVC, FEVl , and PEF measurements obtained with the Puritan-Bennett 

will be discussed first followed by the FEVl and PEF measurements obtained with the 

Peakman 8 monitor. 

Forced Vital Capacity 

Forced vital capacity values measured by the investigator on the Puritan-Bennett 

spirometer preoperatively, 24 hours postoperatively, and seven days postoperatively by 

subject are shown in Figure 2. The preoperative mean percent predicted FVC was 

103.2%. Baseline measures for six subjects were greater than 80% of the percent 

predicted for their age, weight, and height. The three remaining subjects were greater 

than 70% of the percent predicted. At 24 hours after surgery FVC data were available on 

eight of the subjects. Four subjects dropped below 10% of baseline and two of the four 

subjects dropped more than a liter. Two additional subjects had a slight fall in FVC 

while two subjects exceeded their baseline FVC. By postoperative day seven, three 

patients had still not returned to within 10% of baseline and one patient with a history of 
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Figure 2. Changes in forced vital capacity by subject as measured on the Puritan Bennett 
spirometer. 
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emphysema was still greater than one liter below baseline. A one-tailed paired t-test was 

used to determine differences in preoperative and 24 hour postoperative absolute values 

of the FVC and a statistically significant decrease was found (p=0.046). The mean FVC 

feil to 88.6% of baseiine vaiues 24 hours after surgery. By postoperative day seven the 

difference was still statistically significant (p=0.047) but the mean percentage of baseline 

had increased to 93.6% (Table 2). 

Forced Expiratory Volume in One Second 

The mean percent predicted FEVl at baseline was 92.6%. All but three subjects 

had a FEVl greater than 80 percent predicted. Of the three subjects below 80 percent 

predicted, one was a current smoker (FEVl 52 % predicted), one had emphysema (FEVl 

29% predicted) and one was an ex-smoker (smoking history=l5 pack/years) (FEVl 73% 

predicted). 

Twenty-four hours after surgery three subject's FEVl values improved and five 

subject' s values decreased as measured on the Puritan-Bennett spirometer. Two subjects 

dropped below 10% of their baseline measures (Table 3). A one-tailed paired t-test 

demonstrated no significant difference between preoperative and 24- hour postoperative 

FEVl measurements (p = 0.23). One day after surgery FEVl values were 98% of 

baseline and on day seven values were 97% of baseline. There was a statistically 

significant decrease in FEVl between measures before surgery and seven days after 

surgery (p = 0.04). At seven days postoperative, two subjects' FEVl remained below 

10% of their baseline values. 
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Table 2 

Preoperative (Pre-op), postoperative day one and seven absolute values ofFVC and the 

percentage of preoperative values (% of Pre-op). 

Subject 

01 
02 
03 
04 
05 
06 
08 
09 
10 

Mean 
Standard 
Deviation 

Pre-op 

Liters 

3.17 
2.72 
3.97 
3.95 
2.67 
4.19 
3.83 
4.16 
3.17 

3.54 

0.06 

----- indicate missing data 
a = 10% less than baseline 

Forced Vital Capacity 

Liters 

3.02 
2.48 
2.81a 

2.99 
4.58 
3.32a 
3.32a 
2.0la 

3.07 

0.75 

Day 1 
% 

Pre-op 

95.3 
91.2 
70.8 

112.0 
109.3 
86.7 
79.8 
63.4 

88.6 

17.2 

Liters 

3.19 
2.50 
3.93 
3.42a 
3.01 
4.25 
3.30a 
3.77 
2.08a 

3.27 

0.68 

Day7 
% 

Pre-op 

100.6 
100 
99 
86.6 
112.7 
101.4 
86.2 
90.6 
65 .6 

93.6 

13.4 
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Table 3 

Preoperative (Pre-op), postoperative day one and seven absolute values ofFEVl and the 
percentage of preoperative values(% of Pre-op) measured on the Puritan-Bennett 
spirometer. 

Forced Expiratory Volume in 1 Second 

Subject 

01 
02 
03 
04 
05 
06 
08 
09 
10 

Mean 
Standard 
Deviation 

Pre-op 

Liters 

2.36 
1.84 
3.37 
3.00 
1.47 
3.10 
3.06 
3.44 
0.89 

2.50 

0.91 

----- indicate missing data 
a = 10% less than baseline 

Day 1 

Liters 

2.28 
1.88 
2.39a 

1.89 
3.34 
3.04 
2.9P 
0.81 

2.32 

8.80 

% 
Pre-op 

96.6 
102.2 
71.0 

128.6 
107.7 
99.3 
84.6 
91.0 

98 

17.0 

Day7 

Liters 

2.27 
1.82 
3.27 
2.63a 
1.58 
3.08 
3.03 
3.31 
0.78a 

2.42 

0.87 

% 
Pre-op 

96.2 
98.9 
97.0 
87.7 
107.5 
99.4 
99.0 
96.2 
87.6 

96.5 

6.52 
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Peak Expiratory Flow 

The mean preoperative percent predicted PEF was 104.9%. The only two 

subjects below 100% predicted were again the smoker (PEF 61 % predicted) and the 

patient with emphysema (PEF 29% predicted). With the Puritan-Bennett spirometer, 

three subjects' PEF improved slightly at 24 hours postoperative, but there was still a 

significant decrease between mean pre- and postoperative measures (p = 0.047). 

Twenty-four hours after surgery the PEF was 92.8% of baseline and the PEF in four 

subjects dropped below 10% of baseline values. By seven days postoperative the PEF in 

all subjects had essentially returned to within 10% of preoperative measures (Table 4 ). 

Peakman 8 Monitor Values 

Measures ofFEVl and PEF obtained on the Peakman 8 monitor were consistently 

lower than those obtained on the Puritan-Bennett spirometer. Figure 3 shows the mean 

FEVl over time from before surgery to postoperative day seven as measured on the 

Peakman 8 monitor. Twenty-four hours after surgery seven subjects demonstrated a 

decrease in FEVl and two subjects had an increase in FEVl. The FEVl mean 

percentage of baseline was 89. 7% and the mean difference of the absolute values was 

0.25 L. The second day after surgery the mean difference in FEVl increased to 0.29 L 

and the percentage of baseline decreased to 86.8%. By postoperative day three the mean 

percentage of baseline increased to 93.4% and the mean difference in FEVl had 

decreased to 0.15 L. Multiple one-tailed paired t-tests were done to compare the FEVl 
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Table 4 

Preoperative (Pre-op), postoperative day one and seven absolute values of PEF in liters 
per minute (L/min) and the percentage of preoperative (% of Pre-op) measured on the 

Puritan-Bennett spirometer. 

Subject 

01 
02 
03 
04 
05 
06 
08 
09 
10 

Mean 
Standard 
Deviation 

Pre-op 

L/min 

484 
358 
495 
393 
229 
532 
503 
575 
139 

412 

146.9 

----- indicate missing data 
a= 10% less than baseline 

Peak Expiratory Flow 

Day 1 

L/min 

3673 

340 
3833 

250 
544 
4073 

3983 

184 

359 

107.9 

% 
Pre-op 

75.8 
95.0 
77.3 

109.1 
102.3 
80.9 
69.2 
132.4 

92.7 

21.21 

Day7 

L/min 

448 
418 
478 
363 
262 
500 
4503 

596 
156 

408 

131.8 

% 
Pre-op 

92.6 
116.8 
96.6 
92.3 
114.4 
94.0 
89.5 
103.7 
112.2 

102.5 

10.80 
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3.--------------------------------------------------------... 
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Figure 3. Mean values of forced expiratory volume in one second as measured by the 
Peakman 8 monitor. 



for each postoperative day with baseline measurements. To avoid a type I error a 

Bonferroni correction was done and a p<O.014 was required to claim a significance of 

p<0.05. There was a statistically significant decrease between baseline and 

postoperative day two values. There was no statistically significant difference between 

preoperative values and 24 hour postoperative values or day three through seven 

postoperative values. 
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The mean PEF over time from preoperative to seven days postoperative LC as 

measured on the Peakman 8 monitor is shown in Figure 4. The PEF in eight of the nine 

subjects demonstrated a decrease 24 hours after LC. The PEF was 84.9% of baseline and 

the mean difference was 60.00 L/min 24 hours postoperatively. The mean difference 

increased to 81.14 L/min the second day following LC but then decreased to 56.43 L/min, 

47.14 L/min, and 29.00 L/min on the third, fourth and fifth postoperative day 

respectively. The mean percentage of baseline PEF decreased to 79.3% on the second 

postoperative day but gradually increased to 82.4%, 86.2%, 90.7%, 90.9%, and 99.3% 

over the next five days. 

There was statistically significant decrease in PEF from baseline to 24 hours 

postoperatively (p<0.05) that persisted until five days after surgery (p<0.05). The PEF of 

all but one subject returned to within 10% of baseline seven days postoperative. 

Secondary Research Questions 

The question was asked, ifFVC, FEVl, or PEF decrease postoperatively, do those 

subjects who performed deep breathing exercises and/or incentive spirometry attain 

preoperative lung function sooner than the subjects who did not perform such 



51 

soo ... ----------------------------------------------------.... 

400 

~ 
E--1 

300 ~ z 
~ 

~ 
rJj 

~ 
~ 200 
E--1 
~ 

~ 

100 

0 .... --------------------------------------------..... --------
POD 1 POD 3 POD 5 POD 7 

PRE-OP POD2 POD 4 POD 6 

DAYS 

PEF 

Figure 4. Mean values of peak expiratory flow as measured by the Peakman 8 monitor. 
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maneuvers? Only three subjects were instructed to perform deep breathing exercises. 

The measurements of one subject increased and the measurements of two subjects 

decreased 24 hours postoperatively. The one subject whose values improved on the 

Puritan-Bennett spirometer on postoperative days one and seven, performed coughing 

and deep breathing exercises an estimated 36-40 times after surgery ( every 1-2 hours for 

the first three days following LC). This subject's PEF did drop more than 10% on 

postoperative days three through five. One subject, who was also obese, performed the 

coughing and deep breathing exercises 1-5 times. This subject dropped greater than 10% 

in all measures the first postoperative day but returned to within 10% of baseline for PEP 

on day three and within 10% of baseline for FEVl on day four. On postoperative day 

five and six the subject's PEVl again dropped to 81.5% and 87.9% of baseline and PEP 

dropped to 77.7% and 70.9% of baseline. Peak expiratory flow and PEVl returned to 

baseline by postoperative day seven. The third subject who perfonned coughing and 

deep breathing exercises 6-10 times after surgery had a history of emphysema. The 

values of this subject fell 24 hours after surgery and except for the FVC, gradually 

returned to within 10% of baseline. Because of the small sample size no statistical 

comparison was possible between those subjects who performed coughing and deep 

breathing exercises and those who did not. 

The second question asked, do those subjects who demonstrate a decrease in lung 

function postoperatively share similar preoperative characteristics? Again the sample 

size was too small to determine if a correlation exists between a decrease in lung 

function measures and a subject's preoperative characteristics. Three subjects whose 
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FVC fell greater than 10% did have risk factors associated with pulmonary complications 

following surgery. One subject was obese, one subject had a history of emphysema, and 

one patient would not take pain medication postoperatively. 

Additional Data 

On postoperative day seven, subjects were asked to rate the activity level required 

at work (mild, moderate, and strenuous) and the date they expected to return to work. 

Only three of the nine subjects were gainfully employed. Of those three, two subjects 

who reported a mild activity level at work returned to work on postoperative day five and 

six. The third subject who reported a strenuous activity level at work was planning to be 

off work for five weeks. Eight of the nine subjects reported that they were not back to 

their usual activity level seven days following LC. Those who reported a moderate 

activity level and one who reported a strenuous activity level, all felt they were still only 

tolerating mild activity. 

Summary 

Chapter four included characteristics of the sample and results of the data 

analysis. Using the Pearson's coefficient of correlation the Puritan-Bennett spirometer 

and the Peakman 8 monitor were found to be comparable. Statistically significant 

differences were found in preoperative and 24 hour postoperative FVC, FEVl, and PEF 

measures. Measures of mechanical lung function returned to baseline by the seventh 

postoperative day. 



CHAPTER6 

DISCUSSION 
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This chapter discusses the results of this study in relation to the theoretical 

framework and the literature review. Implications for nursing practice, limitations of the 

study, and suggestions for further research are also presented. 

Relationship of Results to Theoretical Framework 

The theoretical framework discussed the role of pain, lack of periodic deep 

breathing, and ineffective cough as major factors leading to impaired mechanical lung 

function and pulmonary complications following upper abdominal surgery. The 

physiological mechanisms which lead to decreased measures ofFVC, FEVl and PEF 

were presented. The factors that may account for the reduction in pulmonary dysfunction 

seen after LC, as compared with OC, were also discussed. 

The present study described mechanical lung function preoperatively and for 

seven days postoperatively in subjects undergoing LC. A significant impairment of 

mechanical lung function was documented following LC and in some subjects these 

changes persisted up to seven days following surgery. This study described the changes 

in lung function but could not attribute these changes to mechanistic causes. One of the 

major factors contributing to the decrease in lung function appeared to be pain. At 24 

hours postoperatively, all subjects complained of some discomfort performing a forced 

expiratory maneuver. The discomfort probably contributed to the statistically significant 

decrease in mechanical lung function. One subject complained of pain preoperatively 

and had less pain postoperatively; this subject's lung function as measured by FVC, 



FEVl , and PEF, improved after surgery. Another patient, who would not use pain 

medication after surgery, demonstrated a marked fall in all measures of lung function 

compared to the rest of the group. Although mechanical lung function was reduced in 

the total sample after LC, the fall in lung function for the majority of subjects ranged 

from 10-20%. These findings are consistent with the principles discussed in the 

theoretical framework that although some decrease in lung function was expected after 

LC, the change would be less than that reported in the literature for OC procedures. 
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Although this study did not allow the investigator to make definite conclusions 

regarding the causes of the pulmonary impainnent, some hypotheses can be made. A 

forced expiratory maneuver, necessary to obtain measures in this study, requires a deep 

inspiration followed by a forceful sustained expiration. A deep inspiration requires 

relaxation of the abdominal wall to allow for maximal descent of the diaphragm. 

Patients who are experiencing abdominal pain tend to splint the abdominal wall. The 

abdominal pressure caused by splinting inhibits the decent of the diaphragm which 

would reduce the amount of air pulled into the lungs, decreasing lung volumes. Obesity 

also inhibits lung expansion because the pressure of the enlarged abdomen elevates the 

diaphragm. Abdominal splinting and obesity were most likely precipitating factors for 

the 29% decrease seen in one subject's FVC and FEVl 24 hours postoperatively. 

To perform a forced exhalation, maximal contraction of the expiratory muscles, 

primarily the abdominal muscles, is required. This contraction is abrupt and to measure 

FVC, the contraction must also be sustained. The inability to produce a sustained 

abdominal contraction may have been a factor contributing to the one liter drop in PVC 
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observed in a subject with emphysema. It would be expected that subjects experiencing 

abdominal pain would have difficulty performing this maneuver. As the abdominal pain 

caused by the LC resolved, their ability to perform a forced expiratory maneuver would 

improve. 

Relationship of Results to Literature Review 

Studies in the literature comparing pulmonary function in OC and LC found that 

LC causes less pulmonary dysfunction than OC. Studies in the literature reported 

statistically significant reductions in FVC, FEVl , and PEF following LC, but mechanical 

lung function returned to baseline more rapidly than after OC. The findings of the 

present study are compared to the literature in tenns of subject characteristics and 

pulmonary function results. 

Subject Characteristics 

Females constituted the majority of the subjects which was expected based on the 

increased prevalence of gall bladder disease in women. The mean age of subjects, 62 

(range, 35-83) in this study, was higher than reported in the literature. Mean age in the 

studies reported in the literature ranged from 41 (Rademaker et al. , 1992) to 53 years 

(Schulze & Thorup, 1993 ). Several factors could explain the higher mean age found in 

the present study. One factor is the small sample size. Another factor may have been 

that the study was conducted in a city with a large retirement population and there may 

have been a disproportionately large number of older patients undergoing LC. In 

addition, older retired patients may be more willing to take the time to participate in a 

study. Finally, because studies have reported less pulmonary dysfunction, faster 
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recovery, and decreased pain after LC, surgeons may be more willing to operate on older 

patients. 

Since the majority of subjects in the present study were retired, there was very 

little data to compare the average time to return to work with what was reported in the 

literature. Da Costa et al. (1995) reported the average time to return to work after LC 

was 10.7 ( ±2.5) days. Two subjects, who reported a mild activity level at work, returned 

to work on the fifth and sixth day following LC which is earlier than reported by 

Da Costa et al. The one subject who did not plan to return to work for five weeks did 

not believe the extended time off was necessary to recover from surgery, but felt it was a 

rare opportunity for an extended leave from work. Schulze and Thorup (1993) reported 

the median resumption of normal activities was seven days (range, 3-35). Only one of 

the nine subjects in the present study had resumed normal activities seven days after 

surgery. Of note, this was a 64 year old female who was very physically active before 

surgery and had already resumed exercise classes by the seventh postoperative day. 

Pulmonary Function 

All of the studies in the literature review reported statistically significant 

decreases in FVC and FEVl 24 hours after surgery. Studies in the literature reported that 

FVC fell to 74-85% and FEVl fell to 72-80% of baseline within the first 24 hours 

postoperatively. These reported values demonstrate a much greater fall in lung function 

than those seen in the present study, where values were still within 88% of baseline. 

Baseline means of the absolute values of PVC and PEF in this study were slightly lower 

than those reported in other studies which is probably due to the increased mean age of 
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the subjects. The mean FVC in this study was 3.54 L ( ±0.61) as compared with 3.68 L 

( ± 1.09) to 3.73 L (±0.17) reported in the literature. Mean FEVl values in the literature 

were 2.34 L ( ±0.14) to 2.89 L ( ±0.8) compared with 2.50 L ( ±0.91) in the present study 

(Freeman and Armstrong, 1994; Joris et al. 1992). 

Schulze and Thorup (1993) who used a peak flow meter to measure PEF, reported 

a median PEF of 445 L/minute preoperatively which dropped to 315 L/minute 24 

following LC, a 29% reduction. The median preoperative PEF in this study was 310 

L/minute which dropped to 261 L/minute 24 hours after surgery a 16% reduction. The 

slightly lower baseline values do not explain the diminished fall in FVC, FEY 1, and PEF 

in this study. 

Several factors may explain the reduced fall in measures of mechanical lung 

function found in the present study. One explanation for the lower reduction in measures 

of mechanical lung function found in this study was the position of the subjects when 

performing the forced expiratory maneuver. Eight studies reported the position of the 

subject during pulmonary function testing. Measurements were obtained in the semi

fowlers position in three studies (Rademaker et al. , 1992; Lieu et al., 1993; Joris et al. 

1992) and in the sitting position in five studies (Gunnarsson et al. , 1995; Reed, Han & 

Sampson, 1991; Johnson et al. , 1992; Schauer et al., 1993; Freeman & Armstrong, 1994). 

All measurements in this study were obtained in the standing position. Townsend (1984) 

found that there are significantly larger forced expiratory volumes for adults in the 

standing position versus the sitting position. Although measures were obtained in the 



same position before and after surgery in all studies, mechanical lung function may be 

affected to a greater degree in the semi-fowler and sitting positions after abdominal 

surgery. The difference in the position of the subjects when spirometry measurements 

were done, could explain the smaller drop in baseline values found in this study on 

postoperative day one. 
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Another factor may be improved surgical techniques for performing LC. Better 

techniques and shorter operating times cause less surgical trauma which leads to less 

postoperative pain for patients undergoing LC today. The result has been a shorter 

hospital stay after LC. Subjects in the present study were discharged as early as four 

hours after LC and only two subjects stayed overnight. Studies in the literature reported 

a longer mean length of stay, ranging from 1.78 ( ±0.25) days (Patel et al. , 1991) to 2.5 

( ± 1.1) days (Farrow, Fletcher & Jones, 1993 ). A shorter hospital stay may mean an 

earlier resumption of the activities of daily living. Rapid mobilization following surgery 

can contribute to an earlier return to baseline pulmonary function. 

Schulze and Thorup (1993) who reported a median length of stay of one day 

found that it took eight days for the PEF to return to baseline values. In the present study 

the mean percent of baseline was greater than 90% by five days after surgery. Other 

studies in the literature that measured pulmonary function beyond 24 hours after LC 

reported that FVC and FEVl returned to within 15% of preoperative values in five days 

(Schauer et al. 1993) and Joris et al. (1992) reported the FVC at 69% and the FVEl at 

85% of baseline two days after LC. Mean FVC was 89% of baseline 24 hours after 
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surgery and FEVl was 87% of baseline two days after surgery in the present study. The 

rapid recovery demonstrated in this study could be related to the shorter length of stay of 

the subjects. However, the slower recovery of lung function documented in the literature 

may be a consequence of the more dramatic falls in mechanical lung function observed 

in the first 24 hours following LC. 

An additional difference found in the present study compared to studies reported 

in the literature was the lack of a statistically significant decrease in the measure of 

FEVl 24 hours after LC. Although there was a trend toward a significant decrease in 

FEVl 24 hours after surgery, statistical significance was not attained, while at seven days 

the decrease was significant. This paradoxical finding most likely can be attributed to 

the missing data at 24 hours postoperative LC. One subject refused to do the 24 hour 

postoperative measurements on the Puritan-Bennett spirometer due to pain. This subject 

was still demonstrating a clinically significant decrease in FEVl seven days after surgery. 

If measurements had been obtained on this subject 24 hours after surgery, the FEVl at 24 

hours postoperative may have demonstrated a statistically significant decrease in the 

present study. 

Limitations 

The major limitation of this study was the sample size. Because of the small 

sample size the secondary research questions could not be answered. Of particular 

benefit to nursing would have been to identify preoperative characteristics associated 

with a decrease in pulmonary function. 



Another limitation of this study was the convenience sample. Subjects were 

recruited from one surgicai center and may not have represented the popuiation 

undergoing LC. 
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Lack of adequate training for the subjects in performing a forced expiratory 

maneuver was another limitation of this study. Since the investigator met with the 

subjects only once before surgery, the subjects may not have had sufficient training to 

achieve a maximal effort especially without supervision. It would have been preferable 

to obtain a FVC daily for one week after LC to assess mechanical lung function, but an 

adequate seif-perfonned FVC is difficult to obtain in an untrained subject. 

An additional hmitation was the inabihty to control extraneous variables. The 

use and timing of pain medication and metered dose inhaiers probably affected the 

abiiity of a subject to perform a forced expiratory maneuver. Scheduling pain 

medication and metered dose inhalers one to two hours before obtaining measurements 

might have helped to control these variables. 

lmplications for Nursing .Practice 

Based on the results of this study, the need for nurses to teach coughing and deep 

breathing exercise to preoperative LC patients cannot be determined. There is stiil a 

need to identify LC patients who are at risk for developing pulmonary comphcations 

from surgery. Although this study was not large enough to identify characteristics of 

patients a risk for a ciinically significant decrease in pulmonary function, the one obese 

subject did have a ciinicaily significant drop in FVC, FEVi , and PEF. Two of the three 

other subjects who would be assumed to be at risk for developing pulmonary 
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complications, the subject who currently smoked and the subject with emphysema, were 

taught coughing and deep breathing exercises. Both subjects still had clinically 

significant decreases in measures of mechanical lung function during the first week after 

surgery. Without this education they may have also experienced a postoperative 

pulmonary complication. 

Suggestions for Further Research 

A larger study, with a more diverse population reflecting the decreased length of 

stay of LC patients today, needs to be done before accurate conclusions can be drawn. A 

study of patients that would normally be considered high risk for surgery would be 

beneficial to determine if they are at risk for developing pulmonary complications 

following LC. Many reported studies purposely eliminated patients with characteristics 

that may have increased their risk for developing pulmonary complications. 

A study that included operating time and length of stay might also identify 

patients at increased or decreased risk of pulmonary dysfunction. Earlier discharge may 

lead to a more rapid recovery, but physicians and nurses need to know at what point does 

a patients risk of complications increase. 

Summary 

Chapter six discussed the results at they related to the theoretical framework and 

the review of literature. Limitations, implications for nursing, and suggestions for further 

research were also presented. 
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************************************************************************** 
************************************************************************** 

RESEARCH ANNOUNCEMENT 

My name is Annette Weinkauf. I am a nurse and I am studying how laparoscopic 
cholecystectomy (gallbladder surgery) affects the ability of a person to take a deep breath 
and then blow it out forcefully. Measuring how much air you can breathe out rapidly 
tells us how your 1 ungs are working. 

I would like for you to participate in my study because you are scheduled for gallbladder 
surgery. 

I will be contacting you before your surgery to tell you a little more about my study and 
find out if you are interested in participating. 

Your doctor has reviewed my study and has given me permission to ask you to 
participate. 

I look fonvard to speaking with you! 

Thank you, 

Annette Weinkauf RN 

************************************************************************** 
************************************************************************** 
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SUBJECTS CONSENT FORM 

The Effects of Laparoscopic Cholecystectomy on Pulmonary Function 
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I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT 
IAM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I 
WILL PARTICIPATE IN IT IF I CONSENT TO DO SO. SIGNING THIS FORM WILL 
INDICATE THAT I HA VE BEEN SO INFORMED AND THAT I GIVE MY 
CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED 
CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I 
CAN KNOW THE NATURE OF THE RISKS OF MY PARTICIPATION AND CAN 
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 
MANNER 

PURPOSE 

I am being invited to voluntarily participate in the above-titled research project. 
The purpose of this project is to determine how my gallbladder operation affects my 
ability to take a deep breath and then blow it out forcefully. 

SELECTION CRITERIA 

I am being invited to participate in this study because I speak English, I am 
scheduled for a laparoscopic gallbladder operation, my doctor has approved my 
participation, and I am greater than 18 years old. Approximately 20 subjects will be 
enrolled in this study. 

PROCEDURES 

If I agree to participate, I will be asked to consent to the following: 
I will meet with the investigator three times: before surgery, 24 hours after my 

surgery, and seven days after my surgery. The meetings will be in my home ( the first 
meeting after my surgery may be in the hospital). The time for the first and third 
meetings will be at a time that is convenient for me and the investigator. The first time I 
meet with the investigator will be before my surgery. The investigator will conduct a 
brief interview and obtain breathing measurements. I will be asked to take as deep a 
breath as possible and blow into a mouth piece (that will be used only for me) as hard 
and for as long as I can. I will repeat this at least three but no more than eight times on 
two different machines. I will be taught how to use one of the machines, a small hand 
held device. The interview, instruction, and breathing measurements will take 
approximately one hour. Information such as my medical conditions that may affect my 
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lung function will be obtained from a review of my medical records. 
The breathing measurements will be repeated 24 hours after my surgery on both 

machines. I will take the small hand held machine home and obtain the breathing 
measurements for five days on my own. The breathing measurements will take about 5 
minutes a day to obtain; I will do the breathing test at approximately the same time every 
day. 

Seven days after my surgery I will meet with the investigator and the final 
breathing measurements repeated on both machines. At this time I will return the hand 
held machine to the investigator. The investigator will conduct a final interview and this 
entire meeting should take about 30 minutes. 

RISKS 

The greatest risk associated with this study is that breathing out hard after surgery 
may cause some temporary stomach discomfort in the area ofmy surgery. 

BENEFITS 

The benefits of participating in this study are 

1. My doctor will have more information about how my lungs are working before 
and after surgery. 

2. Knowing what happens to a person's breathing after surgery may help improve 
the way doctors and nurses take care of patients. 

CONFIDENTIALITY 

All information associated with this study will be held in confidence and only my 
doctor and Annette Weinkauf will have access to the information. Each subject will be 
assigned a number, and that number will be on all documents rather than my name. The 
thesis committee and a statistical consultant will have access to individual data, all other 
data will be reported as group information. The data obtained may be used in the future 
for a different study. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 

There will be no cost for me to participate in this study. understand that I will not 
be compensated for my participation. 

LIABILITY 

I understand that side effects or harm are possible in any research program despite 
the use of high standards of care and could occur through no fault of mine or Annette 
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Weinkauf. Known side effects have been described in this consent form. However, 
unforeseeable harm may also occur and require care. I understand that money for 
research-related side effects or harm, or for wages or time lost is not available. I do not 
give up my legal rights by signing this form. Necessary emergency medical care will be 
provided without cost. I can obtain further information from Gayle Traver at 626-6114. 
IfI have questions concerning my rights as a research subject, I may call the Human 
Subjects Committee office at 626-6721. 

AUTHORIZATION 

BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HA VE BEEN EXPLAINED TO ME 
AND ANY QUESTIONS HA VE BEEN ANSWERED. I UNDERSTAND THAT I MAY 
ASK QUESTIONS AT ANY TIME AND THAT I AM FREE TO WITHDRAW FROM 
THE PROJECT AT ANY TIME WITHOUT CAUSING BAD FEELINGS OR 
AFFECTING MY MEDICAL CARE. MY PARTICIPATION IN THIS PROJECT MAY 
BE ENDED BY THE INVESTIGATOR OR BY THE SPONSOR FOR REASONS 
THAT WOULD BE EXPLAINED. NEW INFORMATION DEVELOPED DURING 
THE COURSE OF THIS STUDY WHICH MAY AFFECT MV WILLINGNESS TO 
CONTINUE IN THIS RESEARCH PROJECT WILL BE GIVEN TO ME AS IT 
BECOMES AVAILABLE. I UNDERSTAND THAT THIS CONSENT FORM WILL BE 
FILED IN AN AREA DESIGNED BY THE HUMAN SUBJECTS COMMITTEE WITH 
ACCESS RESTRICTED TO THE PRINCIPAL INVESTIGATOR, ANNETTE 
WEINKAUF, OR AUTHORIZED REPRESENTATIVE OF THE COLLEGE or 
NURSING. I UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY LEGAL 
RIGHTS BY SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM 
WILL BE GIVEN TO ME. 

Subject's signature Date 

INVESTIGATOR'S AFFIDAVIT 

I have carefully explained to the subject the nature of the above project. I hereby certify 
that to the best of my knowledge the person who is signing this consent fonn understands 
clearly the nature, demands, benefits, and risks involved in his/her participation and 
his/her signature is legally valid. A medical problem or language or educational barrier 
has not precluded this understanding. 

Signature of Investigator Date 



70 

APPENDIXC 
HUMAN SUBJECTS APPROVAL 



71 

THE UNIVERSITY OF 

Human Subjects Committee 

17 December 1996 

ARIZONA® 
HE.AL TH SCIENCES CENTER 

1622 E. Mabel St. 
Tucson, Arizona 85724 
(520) 626-6721 

Annette Weinkauf, B.S.,R.N. 
c/o Gayle Traver, M.S.,R.N. 
College of Nursing 
PO BOX 210203 

RE: HSC A96.126 ASSESSMENT OF PULMONARY FUNCTION AFTER 
LAPAROSCOPIC CHOLECYSTECTOMY 

Dear Ms. Weinkauf: 

We received your above cited research proposal. The procedures to 
be followed in this study pose no more than minimal risk to 
participating subjects. Regulations issued by the U.S. Department 
of Health and Human Servj ces [4 5 CFR Part 46 .110 (b)] authorize 

approval of this type project through the expedited review 
procedures, with the condition(s) that subjects' anonymity be 

maintained. Although full Committee review is not required, a brief 

summary of the project procedures is submitted to the Committee for 

their endorsement and / or comment, if any, after administrative 
approval is granted. This project is approved effective 18 December 

1996 for a period of one year. 

The Human Subjects Committee (Institutional Review Board) of the 

University of Arizona has a current assurance of compliance, number 
M-1233, which is on fi le with the Department of Health and Human 

Services and covers this activity. 

Approval is granted with t he understanding that no further changes 
or additions will be made either to the procedures followed or to 

the consent form (s ) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Commi t tee. Any research related 

physical or psychological harm ~o any subject must also be reported 
to each committee. 

A university policy requ ires that all signed subject consent forms 
be kept in a permanent file in an are~ des i gn~ted for t hat purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours, 

William F Denny, M.D. 
Chairman, Human Subjects Committee 

WFD:rs 
cc: Departmental /College Review Commi ttee 
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January 20, 1997 

Southwestern Surgery, LTD 
5300 E. Erickson Dr. 
Tucson, AZ 85712 

Annette Weinkauf 
PO Box 304 
Vail, AZ 85641 

RE: Research proposal 

Annette Weinkauf RN, 

I have reviewed your research proposal entitled, 
"The Effects of Laparoscopic Cholecystectomy on 
Pulmonary Function" and give my approval for you to 
recruit patients scheduled for laparoscopic 
cholecystectomy for your study. 

Sincerely, 
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DAT A COLLECTION FORM 

PREOPERATIVE 

Identification number ----- --

Date of Surgery ____ ____ _ 

Age ______ _ 

Height _ _ _ __ _ 

Weight _____ _ 

Race CB HO NA 

Gender MF 

Smoking history 

Smokes Ex-smoker Never Smoked 

PPD Pk/Yrs When quit ____ _ 

Lung disease Y N COPD ASTHMA INTERSTITIAL 

FVC FEVl --- ----- - ------ -

Monitor 

Pre-op 

Date/Time Pe a k Flow FEVl 
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POSTOPERATIVE 

Identification number _____ ___ _ 

Monitor Date/Time 

Day 1 (24hr) ___ _ 

Day2 

Day 3 

Day4 

Day 5 

Day6 

Day? 

Received instructions for: 

Peak Flow FEVl 

Coughing Y N Deep breathing Y N Incentive spirometry Y N 

Performed yes __ no _ _ 

How often 
---------------------

Tot al number since surgery: 

1-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 

Activity level required at work: 

Mild(l) Moderate(2) Strenuous(3) 

Expected date to return to work _____ _ 
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PEAKMAN INSTRUCTIONS 

The following are written instructions for how to use the hand held Peakman TM monitor 
to test your lung function. If you have any questions or problems with the machine you 
may reach Annette Weinkauf at 629-183 8 or beeper number 629-4650 # 17 40 from 
8:00am to 5:00pm or at 647-7420 from 5:00pm to 7:30am. Please perfonn the tests at 
about the same time before breakfast every morning. 

1. Clothing should be loose and comfortable, remove dentures 

2. Stand up 

3. Press pink button P. 

4. View date and time. 

5. Wait for beep 

6. Take in a deep breath until the lungs are completely full and: 

*insert the mouthpiece in your mouth 

*Place teeth and lips around the mouthpiece 

*Do not block the opening with the tongue 

7. Hold the monitor steady for about one second before blowing 

8. Blow as hard and as fast as you can for at least 2 seconds, until all the air is out of 
your lungs 

9. Try again at least 2 more times, if one of the green dots is shaded with each try you 
are done. If one of the green dots is not shaded try again for up to 8 times but then 
rest for 15-30 minutes before trying any more. 

10. When you are finished PRESS THE SET BUTTON BEFORE TURNING THE 
MACHINE OFF, or your measurements will be lost. 

11. Press the pink button to turn the machine off 
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