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Background and Putpose. The puqose of this meta-analysis was to quuntita- 
tively assess the conjlicting body of literature concaning the eficacy of incentive 
spimmetry (IS), intermittent positive presrure breathing (IPPB), and deep breathing 
exercises (DBW in the prevention of postoperative pulmonary complications in 
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patients undergoing upper abdominal suqety. Metbods.  Computerized searches of 
MEDLINE and the Cumulative Index to Nursing and Allied Health htabases were 
pe@ormed for the years 1966 through 1992. Citations were selected based o n  the 
following relevance cnnteria: (I)  patients undergoing any type of upper abdominal 
suqety; (2) any combination of IS, IPPB, and DBEX; (3) an outcome of pulmo- 
nary complications; and (4) randomized trials Review of 116 citations yielded 55 
potential trials and 10 review articles. Of these, 14 citations were included in the 
overuiew based o n  relevance criteria requirements. Study validity was messed by 
two independent observers, and data were extracted. Results. The common odds 
ratio (COR) for the occurrence of pulmonary complications for IS versus no phys- 
cal therapy was O.M in favor of IS. The COR for DBEX versus no physical therapy 
was 0 . 0  in favor of DBEX Both findings were statistically signiJcant. The CORs for 
IS versus IPPB, IS versus DBW and IPPB versus DBEX were 0.76 (95% conJidence 
interval [a] =0.39-1.4), 0.91 (95% CI=0.57-1.4), and 0.94 (95% CI =0.28-3.17), 
respectivelv. None of these compaaons reached statistical signiJicance. Cod-  
and Dlscusston. Incentive spirometry and DBEX appear to be more effective than 
no physical therapy intervention in the prevention of postoperative pulmonary com- 
plications. There is no evidence to support a signiJicant dzference between any of I 

! 
the three modalities. [Thomas JA, McIntosh JM. Are incentive spimmetry, intermittent 
positive pressure breathing, and deep breathing exercks effective in the prevention 
of postoperative pulmonary complications after upper abdominal suqety? a system- 
atic overview and meta-analysis. Plys Thm 1994;74:3-161 
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Pulmonary complications are the most 
frequently occurring complications 
following upper abdominal surgery, 
with reported frequencies of up to 
75% of all patients.' Some form of 
pulmonary physical therapy is often 
prescribed for prophylaxis or  treat- 
ment of these complications.14 Inter- 
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ventions such as deep breathing exer- 
cises (DBEX), incentive spirometry 
(IS), and intermittent positive pres- 
sure breathing (IPPB) and other strat- 
egies such as ambulation have been 
studied to determine their efficacy.'-16 

The results of these studies have been 
conflicting, and this may contribute to 
a varied pattern of clinical practice 
and use of physical therapy for these 
patients. Although the treatment of 
postoperative pulmonary complica- 
tions has been studied extensively, 
much of' the work has methodological 
limitations. The absence of uniform 
criteria for establishing the presence 
of pulmonary complications and for 
describing postoperative therapeutic 
regimens, as well as the relative im- 
portance given to risk factors for 
pulmonary complications, may con- 
tribute to the discrepancy in r e s ~ l t s . ~  
In some studies?.* the numbers of 
subjects are small, and the studies 
therefore lack adequate statistical 
power to demonstrate a treatment 
effect even though one may be 
present. 

Of the many published reviews exam- 
ining the efficacy of these treat- 
ments,2J7-25 none have included a 
systematic overview and statistical 
synthesis of the results. This article 
will assess a body of literature con- 
cerning the efficacy of IS, IPPB, and 
DBEX in the prevention of postopera- 
tive pulmonary complications in pa- 
tients undergoing upper abdominal 
surgery using a quantitative meta- 
analysis approach. Meta-analysis is a 
technique that is used to critically 
review and statistically combine the 
results of previous research to draw 
conclusions about therapeutic effec- 
tiveness or to plan new studies26 
Meta-analysis is especially useful when 
results from studies disagree with 
regard to magnitude or direction of 
effect, or when sample sizes are indi- 
vidually too small to detect an effect 
and label it statistically significant.26 

The analysis in this report attempts to 
answer two questions: (1) Is any treat- 
ment better than a control interven- 
tion (ie, no treatment)? and (2) Is one 
treatment modality better than an- 

other? Four separate meta-analyses 
were conducted: (1) any physical 
therapy intervention versus a control, 
(2) IS versus IPPB, (3) IS versus 
DBEX, and (4) IPPB versus DBEX. 

Study Selection 
Method 

Study Identlflcatlon 

Both review and primary research 
articles were examined. Previously 
published reviews addressing the 
efficacy of any "chest physical thera- 
py" modality for patients undergoing 
surgery were identified by searching 
the MEDLINE (National Library of 
Medicine, Bethesda, Md) database for 
the years 1966 through 1992. The year 
1966 was chosen as a cutoff because 
we felt that prior to this date the 
differences in surgical techniques, 
physical therapy interventions, and 
study quality were great and that 
searching for this information would 
not yield any useful information. The 
medical subject headings used in the 
search for review articles were 
"chest," "lung diseases (rehabilita- 
tion)," "physical therapy (methods)," 
and "review." The identified reviews 
were evaluated for methodologic 
quality using the criteria developed 
by Oxman and G~yatt.~7 

Four different search strategies were 
used to locate primary research. First, 
the Cumulative Index to Nursing and 
Allied Health was searched for the 
years 1966 through 1992 using the 
term "chest physical therapy." Second, 
the MEDLINE database was searched 
for the same period. Search terms 
used were identical to those used in 
the search for reviews with the exclu- 
sion of the term "review." The 
MEDLINE database was also searched 
using the following expanded terms: 
"atelectasis (rehabilitation)," "respira- 
tory therapy (methods)," "respiratory 
tract diseases (prevention and con- 
trol)," and "spirometry (methods)." 
Third, reference lists of the retrieved 
review articles were searched for 
relevant citations. Finally, reference 
lists and unpublished abstracts were 
collected from a Consensus Exercise 
on Physical Therapy for the Surgical 
Patient, 1989.28 The authors of unpub- 

lished abstracts were asked for details 
of their study if they met the inclusion 
criteria. Only citations published in 
English were retrieved. 

Four criteria were used in selecting 
studies for inclusion in the overview. 
The study population consisted of 
adults undergoing any type of upper 
abdominal surgery. Studies of patients 
undergoing upper abdominal surgery 
were chosen because this population 
represents a uniform group of pa- 
tients with similar probable mecha- 
nisms for the development of pulmo- 
nary complications. The interventions 
chosen were any combination of IS, 
IPPB, or  DBEX. Studies that used the 
term "chest physical therapy" were 
included in the DBEX category only 
when deep breathing exercises consti- 
tuted the majority of the treatment 
regimen. The outcomes chosen were 
any type of postoperative pulmonary 
complication. The study design c h o  
sen was randomized trials only. Stud- 
ies had to meet all four criteria to be 
included in the overview. 

Initial relevancy was assessed by a 
single reviewer (JAT) based on the 
title and abstract. The article was 
retrieved if the title or abstract sug- 
gested that it might be relevant. Study 
validity was assessed by two indepen- 
dent observers (JAT, JMM), and dis- 
crepancies were settled by discussion 
and consensus. Agreement between 
observers was measured by weighted 
k a p ~ a . ~ 9  Disagreements, as indicated 
by a low kappa (Kwc .4), were then 
resolved by consensus. 

Study Evaluation and Data 
Extraction 

Data were extracted by a single ob- 
server after pilot testing of the data 
extraction form. Validity was assessed 
by a weighted 20-point scale using the 
criteria listed in Table 1. Agreement 
for the validity of each study was 
measured by weighted kappa calcu- 
lated for each question in the validity 
form. Disagreements were dealt with 
using the same process as for assess- 
ment of relevance. 
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Table 1. Criteria for Methodologic Qualiq 

1. Population 
Reproducible description of patient population, surgical procedure (1) 

2. Preoperative risk 
Groups were comparable with respect to smoking histoty, past respiratoty disease, and 
pulmonary function (2) 

3. Intervention 
Experimental maneuver was well described (1) 
There was a control group (2) 

4. Outcome 
Outcome measures well described and appropriate (1) 

5. Design 
Random allocation to groups (3) 
Randomization process blinded (2) 
Withdrawals listed and why (2) 
Outcome measurement blinded (3) 
Prior estimate of power (1) 

6. Compliance 
Test of compliance demonstrated (volume and number of repetitions) (2) 

previo~sly.2~17-25 One hundred sixteen 
citations were found using the search 
strategies for primary research. Of 
these, 55 were considered potentially 
relevant and were retrieved. Fourteen 
of the 55 citations met the inclusion 
criteria and were included in the 
review.l,"l5 Interobserver agreement 
for assessing relevance was good 
(Kw=.71). The most common reason 
for excluding studies was lack of 
randomization (ie, use of nonrandom- 
ized designs) (n = 15). Other reasons 
for excluding studies included the use 
of patient populations other than 
those undergoing upper abdominal 
surgery (n= 18) and having a descrip- 
tive design (n=6). Characteristics of 
the studies are shown in Table 2. The 
mean agreement between observers 
for the ialidity criteria was good 

aNumbers in parentheses indicate number of points in summary score. (Kw = 84). 

Data Analysis 

Summary statistics, common odds 
ratio (COR), and test for heterogene- 
ity were calculated only for outcome 
measures that were consistent across 
all studies. Chest radiographs were 
the most commonly used measure. 
Because definitions for a positive 
chest radiograph (ie, positive pulmo- 
nary complications) were varied, only 
atelectasis and pulmonary infiltrate 
were included as outcomes. Other 
outcomes, such as pleural effusion 
and pulmonary edema, were ex- 
cluded when possible because there 
is no strong evidence or rationale to 
suggest that any physical therapy mo- 
dality is effective in preventing these 
complications. All radiographic com- 
plications were included when it was 
not possible to delineate each specific 
radiographic complication. 

Physical examination was used as a 
secondary outcome measure if it was 
not possible to separate chest radio- 
graph findings. Definitions of a posi- 
tive outcome usually included a com- 
bination of physical signs such as 
chest auscultation, temperature, and 
sputum production, which varied 
among studies. 

The test for heterogeneity and the 
COR and its 95% confidence intervals 

(CIS) were calculated using the com- 
puter software program OR 2 X2.s0 
The COR calculation estimates the 
odds of an event or  complication 
occurring in the control group versus 
the odds of an event or  complication 
occurring in the treatment group for 
the combined group of studies. If the 
COR and its 95% confidence intervals 
are less than 1, there is a statistically 
significant difference between the 
treatment and control groups.31 The 
COR was calculated using the uncor- 
rected Mantel-Haenszel test?l and the 
95% CIS were calculated using the 
Cornfield method.32 A probability 
value of 5.05 was considered signifi- 
cant. The test of heterogeneity was 
calculated using the Breslow-Day 
method.33 The test for heterogeneity 
is a statistical test to determine 
whether the variation among studies 
was more than could be explained by 
chance. If significant heterogeneity 
exists, it is essential to try and locate 
the source of interstudy variation 
before continuing with the analysis. 
The approximate power of each meta- 
analysis was calculated, identifying a 
lo%, 30% and 50% risk reduction for 
pulmonary ~omplications.3~ 

Ten review articles were identified 
using the search strategies described 

The results of this meta-analysis an- 
swered four questions: (1) Is any 
treatment better than a control (ie, no 
treatment)? W i s  analysis included 
results of studies with any kind of 
treatment versus a control.13~10) (2) Is 
IS different from IPPB?3s5J2J3 (3) IS IS 
different from DBM?5JlJ4J5 and (4) 
Is IPPB different from DBM?4'5 

Is Any Treatment Better Than 
No Treatment? 

The COR for studies examining any 
treatment versus a control was 0.85 
(95% CI=0.59-1.2), indicating no 
statistically significant difference be- 
tween the two approaches. The range 
of individual odds ratios was from 
0.05 (very effective) to 1.45 (a nega- 
tive effect). In only one study5 was the 
difference between the treatment and 
control groups statistically significant. 
The test for heterogeneity was signifi- 
cant, indicating that the variation 
among study results was more than 
could be expected due to chance. It is 
therefore difficult to fully accept the 
results of this analysis without at- 
tempting to locate the source of het- 
erogeneity. We hrpothesized that the 
significant heterogeneity of the data 
synthesis may have been due to the 
wide variation in treatment modali- 
ties. To eliminate the heterogeneity, 
the studies were separated into their 

1015 Physical Therapy /Volume 74, Number ldanuary 1994 



- 
Table 2. Summaly of Characteristics of Each Study 

Validity 
Groups Compared Outcome Measures Results Score N Authors 

Celli et al5 (1 984) IPPB,a, IS,b 
DBEX,' control 

CPAP,' IS, DBM 

DBEX, DBEX 
+B-dialator, 
control 

DBEX, control 

IPPB, control 

DBEX, control 

DBEX, control 
(low-risk) 

IS, control 
(low-risk) 

DBEX, IS 

IPPB, IS 

IPPB, IS 

IPPB, IS 

All > control 

CXR, PFfg 

ABG.h CXR 

CPAP > others 

No difference 

Stock et all5 (1982) 

Hallbook et all (1 984) 

Crawford et a16 (1 990) 

Baxter and Levine7 (1 969) 

Morran et ale (1 983) 

Roukema et ale (1 988) 

PFf 

CXR 

ABG, CXR, PEX 

CXR, ABG, temporary 

DBEX > control 

No difference 

DBEX > control 

DBEX > control 

CXR, PFT, ABG, PEX No difference Schwieger et all0 (1986) 

Craven et all1 (1 974) 

Dohi and Gold12 (1 978) 

Jung et all3 (1980) 

Van de Water et a13 
(1 972) 

Schupisser et aI4 (1 980) 

Lyager et all4 (1 979) 

CSR. PEX 

CXR, PEX 

CXR, PEX 

CXR, PEX, temporary 

IS > DBEX 

IS > IPPB 

No difference 

IS > IPPB 

IPPB, DBEX 

IS, DBEX 

PFT, temporary 

CXR, PEX 

No difference 

No difference 

'IPPB=intermittent positive pressure breathing.  chest radiographs. gPIT=pulmonary function test. 
b~~=incen~ ive  spirometry. ePEX=physical examination. b ~ ~ ~ = a r t e r i a l  blood gas. 
'DBEX=deep breathing exercise.  continuous positive airway pressure. 

specific modalities, and the COR was 
recalculated for each modality. It was 
only possible to calculate the COR for 
IS versus no physical therapy and for 
DBEX versus no physical therapy, 
because only one studp examined 
IPPB versus no physical therapy with 
the appropriate outcome measure 
included in the overview. 

The COR for DBEX versus no physical 
therapy was 0.43 (95% CI=0.27-0.63), 
demonstrating a statistically significant 
benefit of DBEX over a control 
(P=.005) (Fig. 2). The test for hetero- 
geneity was still significant (P= .001). 

Is Incentive Splrometry Different 
From Deep Breathlng Ekercises? 

In comparing IS and DBEX, the COR 
was 0.91 in favor of IS, but this find- 
ing was not statistically significant. The 
test for heterogeneity was not signifi- 
cant (P=.13) (Tab. 4). is Incentive Spirometry Different 

From intermiitent Positive 
Pressure Breathlng? Is Intermittent Posltlve Pressure 

Breathing Different From Deep 
Breathing Ekercises? 

In examining the difference between 
IS and a control, two studies,5,10 with 
a total sample size of 212, were in- 
cluded in the analysis. The COR for IS 
versus a control was 0.44 (95% 
CI=0.18-0.99), demonstrating a statisti- 
cally significant benefit of IS over a 
control (P=.034). The test for hetero- 
geneity was not significant (P= .15) 
(Fig. 1). 

In comparing IS with IPPB, the COR 
was .76 in favor of IS, but this finding 
was not statistically significant. Odds 
ratios ranged from 0.3 (with IS being 
more effective than IPPB) to 1 (no 
difference between the two), and are 
presented in Table 3. The test for 
heterogeneity was not significant 
(P= .744). The study by Van de Water 
et a13 was not included in this analysis 
because other treatment modalities 
confounded the results and separating 
outcomes was not possible. 

In comparing IPPB and DBEX, the 
COR was $94 in favor of IPPB, but this 
finding was not statistically significant 
(Tab. 5). The test for heterogeneity 
was again not significant (P= .25). 
Only two studies4a5 were included in 
this comparison, and neither study 
showed significant results. Both stud- 
ies had very small sample sizes and 
low power, which may have ac- 
counted for the nonsignificant results. 

In examining the difference between 
DBEX versus control, four stud- 
ies,1~5~8~9 with a total sample size of 
564, were included in the analysis. 
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Figure 1. Odds ratios and 95% confidence intervals for pulmonary complications 
in m'als comparing incentive spirometry and a control. All ualues have been conuerted 
to a log,, scale. 

Increased Effectiveness Decreased Effectiveness - _I) 

Methodology 

- 
-- 

I 1 1 I I 

Studies included in the analysis were 
assessed for methodological rigor 
using a 20-point weighted scale. All 
studies scored low, with the mean 
score of 11.2/20 and a range of 7 to 
16/20. Because of the small number of 
randomized controlled trials, it was 
decided a priori to include these stud- 
ies in the meta-analysis. The potential 
impact of such a methodological limi- 
tation on the results needs to be rec- 
ognized.'* Only randomized trials 
were included in this analysis, thus 
ensuring a common baseline for study 
validity. Despite this requirement, the 
method of randomization was not 
always clearly stated. Lack of a blinded 
randomization process can result in a 
systematic bias and would most likely 
favor the treatment group. The target 
population was fairly uniform across 
studies, and there were systematic 
attempts to ensure comparability of 
groups within studies. Factors com- 
pared included pulmonary function, 
smoking history, previous respiratory 
diseases, type and duration of anes- 
thetic used, and type of surgery. Pa- 

Celli et a15 

Schwieger 
et all0 

Common Odds 
Ratio 

1 I I I I 

tient withdrawals were not large in any 
study (less than 5%) because most 
patients were not considered eligible 
for the study until they were admitted 
for surgery. Most patient withdrawals 
occurred because the patients did not 
undergo their operation, not because 
of the treatment interventions. There- 
fore, patient characteristics and with- 
drawals probably did not have a large 
effect on the outcome. 

-1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 

No Effect 

Few studies attempted to blind the 
outcome measures.5.10~llx14~15 In all 
studies, only the chest radiograph 
outcome (and not the physical exami- 
nation) was blinded. This limitation 
could also act to bias the results in 
favor of the treatment group. 

AU three therapeutic interventions 
being investigated require some effort 
on the part of the patient and the 
therapist, yet only two studies14J5 
measured patient compliance. Differ- 
ences in study outcomes may be 
attributed to the dosage received as a 
function of ineffective efforts of the 
patient or  therapist. With IPPB, the 
frequency and pressure were re- 
corded, but no information was pro- 
vided on the volume the patients 

attained during inspiration. Bartlett et 
al25 claimed that regular, sustained 
maximal inflations prevent atelectatic 
pulmonary complications, possibly 
inferring that a causative mechanism 
is a lack of deep breaths. Lyager et 
a114 measured the volume achieved 
on the incentive spirometer and used 
that volume as a guideline for pro- 
gression of treatment. They catego- 
rized their results into "good users" 
and "bad users" of the Bartlett Incen- 
tive Spirometer. Although there was 
no statistical significance between the 
"good user" and "bad user" groups, 
there was a trend for the "good user" 
group to have fewer complications. 
The lack of statistical significance may 
have been due to the lower power 
that resulted from dividing the IS 
group into two subgroups. The issue 
of patient compliance must be given 
more consideration in future studies. 

Timing and Dosage of Treatment 
Modalities 

Optimal prescription and timing of 
the various treatment modalities is 
important, but no dosage studies 
were found. Deep breathing exercises 
and IPPB are prescribed four to five 
times daily during waking hours.5 The 
prescription of IS is hourly, with 10 
maximal breaths required per treat- 
ment session during waking hours. 
This prescription was fairly uniform 
across studies. The lack of strong 
positive evidence may be attributed to 
the fact that there was an insufficient 
dosage of treatment. 

Outcome Measures 

As previously mentioned, there are 
numerous definitions for pulmonary 
complications. Part of the variation in 
study findings can be attributed to the 
various definitions of pulmonary 
complications and their measurement. 
For optimal assessment of therapeutic 
needs and methods, it is essential to 
establish uniform criteria for identify- 
ing complications that have a true 
impact on the postoperative course 
compared with complications that are 
self-limiting and cause no clinical 
concern for both the patient and the 
cl ini~ian.~ 
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Flgure 2. Odds ratios and 95% confidence intetvals for pulmonary complications 
in trials c:omparing deep breathing exercises and a control. All ualues have been con- 
uerted to a log,, scale. 

Increased Effectiveness Decreased Effectiveness - ___) 

Chest radiographs were the most 
commonly used measure across all 
studies. 'There were variations, how- 
ever, in the choice of what constituted 
a positive pulmonary complication. 
Some authors1.5~7.10-12 described chest 
radiograph findings as atelectasis, 
pulmonary infiltrate, o r  pleural effu- 
sion. Sorne authors"9 further stratified 
their findings into major and minor 
atelectasis or consolidation. For the 
purpose of this overview, all types of 
atelectasis and pulmonary infiltrate/ 
consolidation were considered to- 
gether. If it was possible, pleural 
effusion was excluded from the 
analysis. 

- 
__e___ - 
- 

I I I I I I 

Physical examination was also used as 
an outcome measure. This measure 
was more diverse in its scope of defi- 
nitions for pulmonary complications 
than was chest radiography. Measures 
of tempe:rature, tachypnea, dyspnea, 
and chest auscultation were used to 
define pulmonary complications, and 
most studies used some combination 
of these measures to define a compli- 
cation. Celli et al,5 for example, de- 
scribed a pulmonary complication as 
having any three of the following 

Morran et aI8 

Celli et a15 

Roukema et a1° 

- Hallbook et all 

Common Odds 
Ratio 

I I I I I I 

symptoms: coughing, increased spu- 
tum, dyspnea, temperature greater 
than 3B°C, or  heart rate greater than 
100 beats per minute. The many com- 
binations of these different physical 
measures may explain the variation in 
the study findings. Physical examina- 
tion data were used once4 in the 
overview when radiographic data 
were unavailable. 

-1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 

No Effect 

The timing of administration of the 
outcome measure with respect to the 
underlying disease process is also 
important to consider. If the outcome 
is measured too early postoperatively, 
the rate of complications may be 
underestimated. If measured late, 
complications that may have been 
successfully treated may be missed. 
There is a significant decrease in 
functional residual capacity (FRC) 
following upper abdominal surgery.35 
If the FRC falls below the closing 
capacity of the lung, this may result in 
the postoperative atelectasis that is 
frequently reported in these pa- 
tients.35 It has been assumed in the 
past that FRC was decreased immedi- 
ately postoperatively, secondary to the 
induction of anesthesia. Ali et al,36 

- 
Table 3. Meta-analysis Results of 
Incentive Spirometry Versus Intermittent 
Positiue Pressure Breathing 

95% 
Odds Contldence 

Authors Ratlo Interval (CI) 

Jung et all3 (1 980) 0.77 0.21-2.78 

Dohi and Gold12 (1 978) 0.41 0.13-1.30 

Celli et als (1 984) 1.10 0.40-3.05 

"Common odds ratio=0.73 (95% CI=0.39-1.36; 
P>.05); power for percentage of risk reduction 
(RR): 10%RR=13%, 30%RR=48%, 50%RR=88%. 

using measurements of FRC obtained 
4, 10, and 16 hours following chole- 
cystectomy, demonstrated that a sig- 
nificant decrease in FRC did not occur 
until 16 hours following cholectstec- 
tomy. Therefore, the timing of the 
outcome measurement may have a 
significant impact on the results of the 
study. For example, Celli et a15 and 
Stock et all5 only measured major 
outcomes at 24 hours after abdominal 
surgery and at this point may have 
been premature in evaluating the 
effect of treatment. 

Low-Risk Patient Popuiations 

Most studies included in this analysis 
involved patients of all risk groups 
admitted for surgery. In all studies, 
some attempt was made to ensure - 
Table 4. Meta-analysis Results of 
Incentive Spirometry Versus Deep 
Breathing Exercisef 

95% 
Odds Contldence 

Authors Ratlo Interval (CI) 

Celli et a15 (1984) 0.78 0.28-2.13 

Stock et all5 (1982) 2.1 7 0.51-9.54 

Lyager et all4 (1 979) 1.27 0.543.00 

Craven et all1 (1974) 0.39 0.13-1.15 

"Common odds ratio=0.91 (95% CI=0.57-1.4; 
P>.05); power for percentage of risk reduc- 
tion (RR): 10%RR=19%, 30%RR=75%, 
50%RR=99%. 
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Table 5. Meta-analysis Results of 
Intermiftent Positive Pressure Breathing 
Versus Deep Breathing ExercW 

95% 
Odds Confidence 

Authors Ratlo Interval (CI) 

Celli et als (1984) 1.02 0.22-4.56 

Schupisser et a14 (1980) 0.8 0.77-8.1 1 

"Common odds ratio=0.94 (95% C1=0.2%3.17; 
P>.05); power for percentage of risk reduction 
(RR): 10%RR=9%, 50%RR=52%. 

comparability of groups for the fac- 
tors that are known to have some 
influence on the incidence of pulmo- 
nary complications such as age, smok- 
ing history, history of previous respi- 
ratory disease, pulmonary function, 
and obesity. Numerous research- 
ers9J0.37 have attempted to study pa- 
tients who are at low risk of develop- 
ing pulmonary complications with 
respect to these factors. 

Roukema et a19 and Roy et a137 stud- 
ied a regimen of DBEX versus a con- 
trol regimen in a low-risk population. 
Roukema and colleagues found that 
there was a greater total number of 
complications in the treatment group 
compared with the control group. Roy 
et al found an overall low rate of 
complications and no difference be- 
tween the groups. Schweiger et all0 
compared a regimen of IS with a 
control regimen and found no differ- 
ence between the interventions. The 
two trials with no difference observed 
between the groupsIO237 had a low 
overall complication rate (20%), 
whereas the trial that demonstrated a 
beneficial treatment effect9 had an 
overall complication rate of 60%. This 
difference may be due to differing 
definitions of pulmonary complica- 
tions. The first two studies relied 
solely on radiologic data, whereas the 
third study used a combination of 
radiologic and physical assessment 
findings to determine complication 
rates. It is important to note that most 
"control groups" did receive some 
form of treatment. This control inter- 
vention, referred to as a "stir-up" 

regimen by Pontoppidan,z included 
early ambulation, coughing, and turn- 
ing. It might therefore be concluded 
that patients who are at low risk of 
developing postoperative pulmonary 
complications do not require anything 
above the "routine nursing care" 
provided in many hospitals. This sub- 
group of patients could not be as- 
sessed separately in the meta-analysis 
due to differing outcome measures 
and treatment modalities, although 
results of the individual trials were 
included in the overall analysis. 

The following conclusions can be 
made on the basis of this meta- 
analysis. Deep breathing exercises 
(chest physical therapy) are more 
effective than no physical therapy. 
There was significant heterogeneity 
within these studies that may be at- 
tributable to poor methodology or to 
the difference in treatment regimens. 
Incentive spirometry is also more 
effective than no physical therapy. 
There was no significant heterogene- 
ity within these studies. It is difficult 
to make any conclusions regarding 
the effectiveness of IPPB versus a 
control because there were not 
enough data to warrant a calculation. 
Comparisons of the different modali- 
ties (ie, IS, DBEX, and IPPB) revealed 
no statistically significant differences 
among them. AU these comparisons 
demonstrated low power and showed 
no significant heterogeneity. The lack 
of statistical significance may be attrib- 
uted to a lack of clinically important 
daerences, poor study design, subop- 
timal treatment dosage or timing, 
poor patient compliance, or  poor 
outcome measures and definitions. 
Incentive spirometry and DBEX 
should be recommended as treatment 
modalities in the prevention of at- 
electasis and pneumonia in patients 
undergoing upper abdominal surgery. 

Future research should consider that 
the frequency and optimal dosage of 
treatment must be standardized be- 
fore effectiveness can be determined. 
More regular treatments for shorter 
periods of time may be of benefit. A 
standardized definition for "clinically 

important pulmonary complications" 
should be delineated, and larger Sam- 
ples should be used. The "low-risk" 
subgroup of patients warrants future 
consideration, as resources may be 
more effectively allocated to "high- 
risk" patients. 
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I appreciate the opportunity to reflect 
and provide a commentary on the 
article by Thomas and McIntosh. It is 
only through dialogue and the ex- 
change of ideas that the specialty of 
cardiopulmonary physical therapy can 
advance. 

The Dichotomy 

The study by Thomas and McIntosh 
highlights a dichotomy that has 
emerged as the cardiopulmonary 
specialty strives toward establishing a 
scientific: basis for practice. On the 
one hand, the tools available to evalu- 
ate the effectiveness of conventional 
components of treatment have in- 
creased in number and sophistication. 
In keeping with this thrust, Thomas 
and McIntosh have applied a sophisti- 
cated statistical tool, namely, a meta- 
analysis, to pool the results across 
studies. :Meta-analysis was applied in 
this study to help resolve conflicting 
results related to the effects of incen- 
tive spirometry, intermittent breath- 
ing, and deep breathing exercises on 
preventing postoperative complica- 

tions in patients following upper 
abdominal surgery. On the other 
hand, conflicts in the literature cannot 
be resolved when this tool is applied 
to data from methodologically flawed 
studies. 

Meta-Analysls Can Hide a 
MuRRude of Slns 

Based on the meta-analysis, Thomas 
and McIntosh concluded (1) that to 
prevent postoperative complications 
following upper abdominal surgery, 
deep breathing (chest physical ther- 
apy) is more effective than no physi- 
cal therapy; (2) that incentive spirom- 
etry is more effective than no physical 
therapy; and (3) there were no signifi- 
cant differences among the three 
modalities. (There were insufficient 
data to draw conclusions about the 
effect of intermittent positive pressure 
breathing.) However, based on the 
methodological problems of the 
source studies, I question the basis 
for these conclusions. Thomas and 
McIntosh acknowledged that signifi- 
cant heterogeneity existed among the 

studies, which they attributed to poor 
methodology and differences in treat- 
ment regimens. 

An analysis of the methods used in 
the source studies for the meta- 
analysis indicated the results were 
consistently confounded by the well- 
documented and potent physiologic 
effects of body positioning1-'3 and 
mobilizationl~20 on cardiopulmonary 
function and oxygen transport p a -  
ble). I contend that most studies eval- 
uating interventions related to con- 
ventional chest physical therapy are 
confounded by the physiologic effects 
of body positioning and mobilization 
and that the role of these variables is 
rarely, if ever, addressed. This is ex- 
emplified in the studies cited by 
Thomas and McIntosh. Without appro- 
priate experimental control or ac- 
knowledgment of the effects of con- 
founding variables on the apparent 
effects of physical therapy interven- 
tions, inferences about causality may 
be invalid. 
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