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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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Table. Conml of Confounding Variables in the 14 Soune Studies Cited by Thomas and Mclntosh 

Control Group 

What Control 
Group 

Experimental Group' Standardlzatlon Dld Control of Confounding Varlablel, 
of Arousal, 

Poolon, 
BB%owlmion 

Treatment of 
Experlmentel 

I 
Durlng 

i 
lmnrtlgatom DBM IPPB IS Treatment Descrlptlon Ez%a Arousni F a o n l n g  MoMllzatlon i 
Celli et al4' D e e ~  breathina 15 min, four Duration NIS 

times N/S,b four 
daily times 

daily 

No "respiratory" NIS 
treatment and coughing 

(DBBC), > 10 
times, 15 rnin, 
four times daity 

Stock et a142 

Hallbook et a143 

Deep breathing 
and coughing, 
15 min, every 2 h 

15 min, NIS 
every 2 h 

No control group 

Deep breathing 
and coughing 
and earlv 

NIS except 
breathing 
exercises in 
sitting and 
lying 

Preoperative NIS 
instruction on 
DBBC and early 
mobilization 

Mobilized within 
24 h after 
surgery 

Walking and arm 
exercises, two 
times daity, 
duration NIS 

"Chest physical NIS 
thera,pyU (NIS), 
two times dally, 
duration NIS 

mobilizdion; 
postural drainage 

Walking and arm 
exercises, two 
times daily, 
duration NIS 

Crawford et alw Breathing exercises 
(diaphragmatic 
and lateral costal 
breathing) and 
huffing and 
coughing, IS and 
leg exercises. 
three times daily, 
duration NIS 

Baxter and Levine45 

Morran et al* 

Patients assigned NIS 
randomly to 
control group 
(NIS) 

No "prophylactic" NIS 
physical therapy 

General 
encoura ement 
to do D ~ & C  

NIS NIS 

NIS N/S 

15 min, four 
times 
daily 

Deep breathing 
(diaphragmatic, 
lateral costal and 
apical) and 
coughing 

Vibration, 15 min, 
frequency NIS 

General 
encouragement 
to DBBC 

Deep breathing. 
forced expiration, 
and coughing; 
every4h totwo 
times daily for 
days 1 and 2, 
once daily for 
days k i ;  
treatment times 
10 min 

Dead space 
breathing for 5 
mln every 2 h 

Mobilized 
postoperative 
day 1 

Roukema et a125 No breathing NIS NIS N/S 
exercise 
instruction 

Mobilized 
postoperative 
day 1 

Schwieger et aln7 5 minlh; 
> 12 times 
daily 

Mobilized 
day of 
surgery 

At least 10 
timesh 

No "specialized" NIS NIS N/S 
postoperative 
respiratory care 

Mobillzed day of 
surgery 

Craven et aloe "Usual" routine 
chest physical 
therapy, two 
times daily or 
more frequently if 
indicated, 
duration NIS 

NIS except No control group 
mobilization 
comparable 
postoperative 
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Table. Continued 

Control Gmup 

W M  Contml 
Gmup 

Experimental Groupam Stan&rdlretion Subjecia Dld Control of Contoundlng Varlabh 
d Amuaal, Durlng 

Porltkn, 
Fn%oMllretion 

Tnetment d 
Experimental 

Durlng 
InveaUgaOn D B M  IPPB IS Tnetment Deacrlptlon Amuml a o n l n g  Moblllzatlon 

Dohi and Gold48 

Jung et also 

Van de Water et a151 

Schuppisser et a152 "Standard" chest 
physical therapy, 
10-15 min, three 
times daily 

Early ambulation 

Lyager et alcs Chest physical 
therapy (DB&C 
and mobilization), 
Iwo times daily, 
duration N/S 

Supine with 5 timesh NIS No control group 
head of (average 
bed up, four times 
15 min, daily?) 
every 4 h 
(average 
four times 
daily) 

15-20 min, 15-20 min, NIS No control group 
four times four times 
daily daily 

I0 min, four Encouraged N/S No control group 
times as much 
daily (am 
and pm) %J/% 

least four 
times 
daily 
(most 
patients 
used IS 
every 1-2 
h while 
awake) 

10-15 min, NIS 
three 
times 
daily 

Early 
ambulation 

Chest NIS 
physical 
therapy 
(DBBC 
and 
mobilization) 
two times 
daily. 
duration 
N/S, IS>4 
timesh 

No control group 

No control group 

"DBEX=deep breathing exercise; IPPB=intermittent positive pressure breathing; IS=incentive spirometry. 
b~/S=not  specified. 

Bad8 for Cardlopulmonary 
Physlcal Therapy In the 
Management of Upper 
Abdominal Surgery 

In addition to the multitude of prob- 
lems associated with surgery (eg, 
reduced arousal, pain, reduced lung 
volumes and alveolar ventilation, 
altered pulmonary mechanics, im- 
paired cough reflex and effectiveness, 
and accurnulation of pulmonary secre- 
tions), upper abdominal surgery is 
hallmarked by a significant reduction 
in functional residual capacity 
(FRC)21,22 and diaphragmatic dysfunc- 
tion.23~24 When FRC falls below closing 

volume, the dependent airways close 
and arterial oxygen tension and satu- 
ration can be significantly affected. 
Diaphragmatic dysfunction, which has 
been attributed to the disruption of 
diaphragmatic mechanics secondary 
to abdominal wall incision and surgi- 
cal procedure, can persist for several 
days postoperatively.25 Considering 
that upper abdominal surgery signifi- 
cantly decreases FRC and leads to 
diaphragmatic dysfunction, these are 
prime factors contributing to im- 
paired oxygen transport postopera- 
tively. A cogent argument, therefore, 
can be made for directing physical 
therapy intervention primarily toward 

remediating or  offsetting these signifi- 
cant pathophysiologic deficits. 

The profound and direct physiologic 
effects of body positioning and mobi- 
lization on cardiopulmonary function 
and oxygen transport have been well- 
documented for several decades and 
have recently been reviewed.26 Of 
particular relevance in the patient 
following upper abdominal surgery, 
FRC progressively increases as the 
upright position is assumed, with the 
maximal FRC being achieved in the 
standing upright p0sition.2~ Even in 
the upright sitting position, FRC is 
increased by up to 50% compared 
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with the supine po~ition.4,2~,~7-3~ Al- 
though Chuley et al3l studied the 
effects of body positioning on postop- 
erative complications in patients fol- 
lowing coronary artery bypass sur- 
gery, their results have important 
implications for other surgical popula- 
tions. Compared with patients who lay 
supine, patients who were turned side 
to side every 2 hours were reported 
to have a significantly lower incidence 
of postoperative fever, and further, 
the duration of the intensive care unit 
stay was reduced by 32%. It is inter- 
esting to speculate whether prescrip- 
tive rather than routine body position- 
ing would augment this beneficial 
effect. 

Reflex phrenic nerve inhibition also 
contributes to the high incidence of 
postoperative complications following 
upper abdominal surgery. We have 
previously postulated that upright 
body positioning could prevent en- 
croachment of the viscera on the 
thorax due to the loss of the dia- 
phragmatic barrier in these patients, 
and thereby improve ~entilation.3~ As 
the patient approximates the upright 
position, the diaphragm is displaced 
caudally due to a reduction in the 
abdominal pressure exerted by the 
viscera and the reduction in thoracic 
blood volume, which results in an 
increase in FRc.33~3~ In the upright 
position, the rib cage assumes its 
greatest anteroposterior diameter, 
wherein the inspiratory intercostal 
and scalene muscles are lengthened 
and the diaphragmatic muscle fibers 
are shortened due to descent and 
displacement of the abdominal vis- 
cera. To offset this shortened position 
and the resultant decrease in force 
generated in this position, the neural 
drive to the diaphragm is increased in 
the upright position.3,35 Thus, based 
on its direct effect on FRC and dia- 
phragmatic function, the upright posi- 
tion is the most physiologically justifi- 
able position for the patient following 
upper abdominal surgery with respect 
to optimizing pulmonary mechanics 
and oxygen transport. 

Could the Results Reflect 
Body Posltlonlng and 
Moblllzatlon Alone? 

A fundamental principle of scientific 
inquily is that variables that could 
mask the effects of an independent 
variable (treatment) on a dependent 
variable (the outcome measure) must 
be stringently controlled.3638 Only in 
this way can an inference be made 
about the relationship of the indepen- 
dent and dependent variables. Thus, 
because body positioning and mobili- 
zation have effects on cardiopul- 
monary function independent of 
other interventions when evaluating 
therapeutic procedures (eg, incentive 
spirometry, intermittent positive pres- 
sure breathing, and deep breathing 
exercises), body positioning and mo- 
bilization should be appropriately 
controlled. In this way, any effect 
mediated through positioning and 
mobilizing the patient during treat- 
ment is not erroneously attributed to 
that treatment. Furthermore, control 
of positioning and mobilization is 
essential to standardize any additional 
stimulation and arousal that accom- 
pany these interventions. Increasing 
the patient's arousal reduces monoto- 
nous tidal ventilation, promotes 
deeper breaths and more effective 
alveolar ventilation, and enhances 
expiratoly effort and cough 
effectivene~s.39-~ 

In the Table, the 14 studies25,4l-53 
used in the meta-analysis are com- 
pared with respect to the treatments 
studied, their methods and proce- 
dures, measures used to control for 
positioning, and mobilization and 
arousal during the treatments. Also 
compared are features of control 
groups when appropriate. Generally, 
descriptions of how these factors 
were controlled were lacking. In 
addition to the fact that the implica- 
tions of body positioning and mobili- 
zation on the results of the studies 
were not discussed, the omission of 
any reference to these effects leads 
me to believe that their control was 
not a feature of the research designs 
used in any of the studies. Specifically, 
in my view, in none of the 7 studies 
with control groups were the effects 

of these confounding variables con- 
trolled. The authors of only 2 of the 
remaining 7 studies that examined 
differences among the three treat- 
ments of interest on postoperative 
complications reported the body 
position in which an intervention was 
performed.43149 In both studies, how- 
wer, this information was provided 
for only one of the subject groups 
and was not standardized across 
groups. 

Although the authors of the 14 studies 
did not describe their methods and 
procedures, generally those patients 
assigned to a treatment group were 
exposed to a greater number of body 
positions and position changes over- 
all, were placed in the upright posi- 
tion more frequently, were actively 
mobilized (in preparing for, during, 
and on completion of treatments), 
and were exposed to more interac- 
tion and arousing stimuli than the 
control group subjects (Table). I con- 
tend, therefore, that the specific con- 
tribution of each treatment to the 
overall response cannot be deter- 
mined. Thus, claims made by the 
investigators of the source studies that 
the treatments had an effect indepen- 
dent of the confounding effects of 
body positioning, mobilization, and 
the concomitant increase in arousal, 
are, in my view, invalid conclusions. 
Furthermore, I argue that such meth- 
odological flaws are transmitted to 
other studies when they use these 
data for secondary analyses such as 
meta-analyses. 

Crltlcal Evaluatlon of 
Cardlopulmonary Phydcal 
Therapy Must Come 
From Wlthln 

To conclude, the lack of control of 
and ignoring the confounding effects 
of body positioning and mobilization 
on the interventions related to con- 
ventional chest physical therapy, such 
as in the studies reviewed by Thomas 
and McIntosh, in my view, violate the 
fundamental tenets of the scientific 
method. Analyzing the data from 
these studies with new, sophisticated 
tools may contribute to masking the 
fundamental problems with studies 
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related to conventional chest physical 
therapy, rather than illuminate their 
findings,, and in turn further entrench 
nonscientifically based practice. If the 
specialty of cardiopulmonary physical 
therapy is to be efficacious and cost 
effective,, and weather the storm of 
accountability with the advent of the 
21st century, practice must be aligned 
with the cardiopulmonary physiologic 
and scientific literature. 

The literature is replete with data 
detailing, the cardiopulmonary conse- 
quences of body positioning and 
mobilization. This body of literature 
that has accumulated over several 
decades and is waiting to be ex- 
ploited c:linically by physical thera- 
pists. Unlike much of the literature 
evaluating interventions related to 
conventional chest physical therapy, I 
believe the literature on body posi- 
tioning and mobilization is generally 
more methodologically rigorous and 
the results more valid, as evidenced 
in part by the caliber of the journals 
in which this work has been pub- 
lished. Fcxusing on body positioning 
and mobilization and understanding 
their contribution to the effects of 
conventional physical therapy and 
related nmdalities will enhance the 
application of body positioning and 
mobilization as primaty treatment 
interventions in the prevention and 
management of cardiopulmonary 
dysfunction. Furthermore, positioning 
and mobilization may explain in total, 
o r  in pan, treatment effects that have 
previously been attributed to conven- 
tional chest physical therapy. 

The full therapeutic potential of body 
positioning and mobilization and the 
degree to which the modalities stud- 
ied, or conventional chest physical 
therapy procedures in general, offer 
any additional benefit to these inter- 
ventions (or whether they have an 
offsetting deleterious effect or no 
effect) arc: central issues challenging 
those of i ~ s  committed to excellence 
in the cardiopulmonary specialty at 
this point in its evolution. 
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In the commentary, Dr Dean ques- 
tions the basis for the conclusions 
reached in our article based on the 
methodological problems of the 
source studies used in the meta- 
analysis, as well as heterogeneity 
within the analysis. 

We concur with the view that body 
positioning and mobilization poten- 
tially have much value, and that is 
why they characterize much of the 
usual postoperative care and protocol 
delivered by physical therapists (vide 
infra) and other health professionals 
working in the perioperative setting. 
Quantification of the stimuli that will 
or may alter ventilation/perfusion 
patterns in the initial postoperative 
recovery will provide a substantial 
challenge for most investigators, given 
the numerous brief disturbances and 
events that occur around the patient. 

The minimal methodological standard 
acceptable for this analysis was "ran- 
domized trials." Randomization of the 
patients to the different treatment 

arms can be an effective strategy for 
balancing the potential confounding 
factors, although not ensuring it, par- 
ticularly in small samples. If the com- 
parative groups were equally exposed 
to the body position changes and 
mobilization, and those interventions 
provided the dominant mechanism 
behind the outcomes of interest, then 
any difference in outcome between 
the treatment groups would be 
minimized. 

The results of our analysis have dem- 
onstrated that chest physical therapy 
and incentive spirometry are more 
effective that the control in preventing 
the postoperative pulmonary compli- 
cations of atelectasis and pneumonia 
following upper abdominal surgery. 
Both of the latter interventions usually 
include positioning and mobilization, 
and we have not attempted to deter- 
mine which of the components in 
each treatment package is contribut- 
ing either more or  less to the efficacy. 

Dr Dean suggests that physical thera- 
pists have not yet taken advantage of 
the benefits of body positioning and 
mobilization by incorporating them 
into their clinical practice. In a na- 
tional survey of of perioperative phys- 
ical therapy practice conducted in I 

Canada in 1990 (Kelsey CJ, McIntosh 
JM; unpublished research; 1990), 
clinicians were asked to rank the 
patient problems in a case scenario 
relating to the immediate postopera- 
tive physical therapy management of a 
patient who had undergone upper 
abdominal surgery. The main prob- 
lems identified by therapists were 

I 
pain, decreased lung volumes, de- 
creased cough, and decreased mobil- 
ity. When asked about their treatment 
objectives, the three most frequent 
responses were (1) to decrease re- 
tained secretions, (2) to increase 
mobility, and (3) to increase ventila- 
tion. In examining the specific inter- 
ventions to improve decreased lung 
volumes, therapists identified posi- 
tioning as the first treatment priority, 
followed by incentive spirometry and 
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