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OVER THE LAST DECADES,
coronary artery bypass
graft (CABG) surgery and
perioperative care have im-

proved considerably,1-3 resulting in a
lower overall complication rate. How-
ever, the rate of postoperative pulmo-
nary complications (PPCs) has re-
mained stable,4,5 possibly because
CABG surgery is now performed in
more fragile (high-risk) patients at
greater risk of PPCs as a consequence
of their comorbid conditions.1,6 Post-
operative pulmonary complications
therefore continue to influence pa-
tient morbidity and mortality, length of
hospital stay, and overall resource uti-
lization, despite advances in preopera-
tive, intraoperative, and postoperative
care.6,7 Respiratory physiotherapy has
a limited effect on the occurrence of
PPCs, but studies performed to date
were often flawed methodologically and
tended to include relatively healthy pa-
tients who underwent CABG surgery
rather than patients with comorbidity
and high-risk profiles.8 Moreover, chest
physical therapy was usually adminis-
tered after the operation, whereas the
preferred strategy is to identify, on the
basis of known risk factors, and treat
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Context Postoperative pulmonary complications (PPCs) after coronary artery by-
pass graft (CABG) surgery are a major source of morbidity and mortality, and increase
length of hospital stay and resource utilization. The prehospitalization period before
CABG surgery may be used to improve a patient’s pulmonary condition. The efficacy
of preoperative inspiratory muscle training (IMT) in reducing the incidence of PPCs in
high-risk patients undergoing CABG surgery has not yet been determined.

Objective To evaluate the prophylactic efficacy of preoperative IMT on the inci-
dence of PPCs in high-risk patients scheduled for elective CABG surgery.

Design, Setting, and Patients A single-blind, randomized clinical trial conducted
at the University Medical Center Utrecht, Utrecht, the Netherlands, with enrollment
between July 2002 and August 2005. Of 655 patients referred for elective CABG sur-
gery, 299 (45.6%) met criteria for high risk of developing PPCs, of whom 279 were
enrolled and followed up until discharge from hospital.

Intervention Patients were randomly assigned to receive either preoperative IMT
(n=140) or usual care (n=139). Both groups received the same postoperative physi-
cal therapy.

Main Outcome Measures Incidence of PPCs, especially pneumonia, and dura-
tion of postoperative hospitalization.

Results Both groups were comparable at baseline. After CABG surgery, PPCs were
present in 25 (18.0%) of 139 patients in the IMT group and 48 (35.0%) of 137 pa-
tients in the usual care group (odds ratio [OR], 0.52; 95% confidence interval [CI],
0.30-0.92). Pneumonia occurred in 9 (6.5%) of 139 patients in the IMT group and in
22 (16.1%) of 137 patients in the usual care group (OR, 0.40; 95% CI, 0.19-0.84).
Median duration of postoperative hospitalization was 7 days (range, 5-41 days) in the
IMT group vs 8 days (range, 6-70 days) in the usual care group by Mann-Whitney U
statistic (z=–2.42; P=.02).

Conclusion Preoperative IMT reduced the incidence of PPCs and duration of post-
operative hospitalization in patients at high risk of developing a pulmonary complica-
tion undergoing CABG surgery.

Trial Registration isrctn.org Identifier: ISRCTN17691887
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patients who might benefit the most be-
fore surgery.9-13 We designed a single-
blind, randomized clinical trial to study
the prophylactic efficacy of preopera-
tive physical therapy, including inspira-
tory muscle training (IMT), on the in-
cidence of PPCs, especially pneumonia,
in patients at high risk of developing
PPCs who underwent CABG surgery.

METHODS
Participants

The trial was performed at the Depart-
ment of Cardiac Surgery, University
Medical Center Utrecht, Utrecht, the
Netherlands. The protocol (02/035-E)
was approved on July 4, 2002, by the in-
stitutional review board and ethics com-
mittee. Patients scheduled for primary
elective CABG surgery who had the abil-
ity to understand informed consent were
eligible. Exclusion criteria were sur-
gery performed within 2 weeks of ini-
tial contact, a history of cerebrovascu-
lar accident, use of immunosuppressive
medication for 30 days before surgery,
and presence of a neuromuscular disor-
der, cardiovascular instability, or an an-

eurysm. Written informed consent was
obtained from all participants.

Preoperative Assessment
and Risk Stratification

Demographics and preoperative risk
factors were prospectively recorded by
means of a standardized interview.
Preoperative age, sex, weight, height,
body mass index (calculated as weight
in kilograms divided by height in
meters squared), type of surgical pro-
cedure, current diagnoses, pulmonary
status, history of smoking, history of
myocardial infarction, diabetes melli-
tus, spirometry, and respiratory
muscle testing were recorded. Data
obtained from medical records
included duration of surgery, duration
of mechanical ventilation, and peri-
operative complications. Included
patients were closely monitored dur-
ing their entire hospital stay until
discharged.

On the basis of the definitions of risk
factors of the Society of Thoracic Sur-
geons,14 a review by Brooks-Brunn,15

and the investigators’ experience,16 the
following parameters were scored to de-
termine a patient’s risk of developing
PPCs: age, productive cough, diabetes
mellitus, history of tobacco smoking,
chronic obstructive pulmonary dis-
ease, body mass index, and pulmo-
nary function tests. An external inves-
tigator stratified the patients (1-10
weeks before surgery) into 2 risk groups
on the basis of their scores (low risk de-
fined as 0 or 1 point and high risk as 2
or more points) (BOX 1).

Randomization and Intervention

Patients at high risk of developing PPCs
were randomly assigned, 1 to 10 weeks
before surgery, to undergo preopera-
tive IMT or usual care. A computer-
generated randomization table was
used, and individual allocations were
placed in sealed envelopes. An exter-
nal investigator blinded to the alloca-
tion sequence picked consecutive allo-
cation envelopes for consecutive
participants.

The intervention group received
preoperatively individualized, tailored

exercises, namely, IMT; incentive
spirometry; education in active cycle
of breathing techniques; and forced
expiration techniques.17-19 The inter-
vention group trained daily, 7 times a
week, for at least 2 weeks before the
actual date of surgery. Each session
consisted of 20 minutes of IMT, which
was performed 6 times a week without
supervision and once a week with
supervision by a physical therapist
(E.H.J.H.), who measured the strength
and endurance of the inspiratory
muscles after each week of training.
The patients were instructed to record
daily IMT progression, complaints,
and adverse events in a diary and were
trained to breathe with an inspiratory
threshold-loading device (threshold
IMT). The inspiratory load of the IMT
is calibrated in cm H2O and can be
increased by removing the mouthpiece
and tightening the spring. The patients
started breathing at a resistance equal
to 30% of their maximal inspiratory
mouth pressure (Pi-max), measured at
baseline, for 20 minutes.20 The resis-
tance was increased incrementally,
based on the rate of perceived exertion
scored on the Borg scale.21 If the rate
of perceived exertion was less than 5,
the resistance of the inspiratory
threshold trainer was then increased
incrementally by 5%. The supportive-
educative component consisted of
detailed preoperative instruction in
active cycle of breathing techniques
with an incentive spirometer (Coach
2, DHD Healthcare, Wampsville, NY)
and forced expiration technique.19,22

Participant’s satisfaction and motiva-
tion were determined after the inter-
vention period by means of an anony-
mously completed questionnaire. At
baseline, all patients received informa-
tion about the surgery and a schedule
of hospitalization events.

The usual care group received care
as usual the day before surgery (ie, in-
struction on deep breathing maneu-
vers, coughing, and early mobilization).

Both groups received similar incen-
tive spirometry, chest physical therapy,
and mobilization scheme after opera-
tion.

Box 1. Pulmonary Risk Score*

Score 1 Point for Each Parameter

Age �70 years

Cough and expectoration

Diabetes mellitus

Smoker

Chronic obstructive pulmonary dis-
ease: FEV1 �75%predicted or pulmo-
nary medication used

Body mass index �27.0†

Score 2 Points

Spirometry: FEV1 �80%predicted and
FEV1/FVC �70%predicted

*FEV1 indicates forced expiratory vol-
ume in the first second of expiration;
FVC, forced vital capacity. A score of 1
or 2 is given for each parameter; there-
fore, if a patient is older than 70 years and
has a cough and expectoration, he or she
is assigned 2 points, 1 point for each. Low
risk is defined as 0 or 1 point and high
risk as 2 or more points.
†Calculated as weight in kilograms di-
vided by height in meters squared.
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Outcome Measures
and Sample Size
The success of IMT was evaluated on
basis of maximal inspiratory muscle
strength (Pi-max) and endurance (Pm-peak/
Pi-max), where Pm-peak indicates maxi-
mal peak pressure. The primary out-
come, the incidence of PPCs, was
scored by a blinded independent in-
vestigator on an ordinal scale of 1 to 4,
using the operational definition of
Kroenke et al (BOX 2).23 We defined a
clinically significant PPC as 2 or more
items in the grade 2 complications or
1 item in the grade 3 or 4 complica-
tions. When only abnormal radiologi-
cal findings were found, without clini-
ca l symptoms or changes in
auscultation, the complications were
considered subclinical (eg, grade 1 PPC)
.24 A microbiologist, who was indepen-
dent and blinded to patients’ alloca-
tion, collected data from the medical
chart and clinical records, assessed bac-
teriology samples, and evaluated other
data indicative for bronchitis, pneumo-
nia, or both, according to the criteria
of the Centers for Disease Control and
Prevention.25

The secondary outcome was dura-
tion of postoperative hospitalization. Ad-
mission and discharge dates were re-
trieved by the microbiologist from the
patients’ recordsandused tocalculatedu-
ration of postoperative hospitalization.

To calculate sample size, we used
available data from the University Medi-
cal Center Utrecht on PPC incidence.
At the start of the study, the incidence
of PPC grade of at least 2 was 30%.26 A
10% reduction in PPC incidence due to
IMT was considered clinically rel-
evant, requiring approximately 584 pa-
tients (292 in each group), with a power
of 80% at the P=.05 level of statistical
significance. Interim analyses were per-
formed after half the required partici-
pants had been enrolled (n=292), as
stipulated by the medical ethics com-
mittee. The O’Brien-Fleming bound-
ary was used for the level of signifi-
cance (P�.025).27 The study was
stopped at the request of the Univer-
sity Hospital Institutional Review Board
based on the results of the interim

analysis with pneumonia as the end
point. The institutional review board
thought it was no longer ethical to with-
hold IMT from the patients in the usual
care group.28,29

Statistical Analysis

All collected data were stored in SPSS
version 12.0 (SPSS Inc, Chicago, Ill) and
checked for completeness, and tested
with the Kolmogorov-Smirnov for nor-
mality. In the case of a missing value,
the last observation was carried for-
ward. Analysis was undertaken on an
intention-to-treat basis. Summary de-
scriptive statistics were computed for
the preoperative and perioperative vari-
ables, including frequencies, means, and
SDs. Postoperative pulmonary compli-
cations were compared between the

IMT and usual care group with the odds
ratio (OR). Differences in nominal vari-
ables between the IMT group and the
usual care group were tested with the
Pearson �2 test. Duration of postopera-
tive hospitalization and mechanical ven-
tilation was compared between the 2
groups with the Mann-Whitney U test.
An effect of the IMT was estimated
within groups with the paired sample
t test and between groups with the
1-way analysis of variance. Statistical
tests were 2-sided and P�.05 was con-
sidered statistically significant.

RESULTS
Procedural Outcomes
and Baseline Characteristics

Six hundred fifty-five patients awaiting
elective, primary CABG surgery were

Box 2. Operational Definitions of Postoperative
Pulmonary Complications*

Grade 1

Cough, dry

Microatelectasis: abnormal lung findings and temperature �37.5°C without other
documented cause; results of chest radiograph either normal or unavailable

Dyspnea, not due to other documented cause

Grade 2

Cough, productive, not due to other documented cause

Bronchospasm: new wheezing or preexistent wheezing resulting in change therapy

Hypoxemia: alveolar-arterial gradient �29 and symptoms of dyspnea or wheezing

Atelectasis: radiological confirmation plus either temperature �37.5°C or abnor-
mal lung findings

Hypercarbia, transient, requiring treatment, such as naloxone or increased manual
or mechanical ventilation

Adverse reaction to pulmonary medication

Grade 3

Pleural effusion, resulting in thoracentesis

Pneumonia, suspected: radiological evidence without bacteriological confirmation

Pneumonia, proved: radiological evidence and documentation of pathological or-
ganism by Gram stain or culture

Pneumothorax

Reintubation postoperative or intubation, period of ventilator dependence does
not exceed 48 hours

Grade 4

Ventilatory failure: postoperative ventilator dependence exceeding 48 hours, or
reintubation with subsequent period of ventilator dependence exceeding 48 hours

*Source: Kroenke et al.23
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recruited at the University Medical
Center Utrecht between July 2002 and
August 2005 (FIGURE). Of these, 299
(45.6%) were considered at high risk
of developing PPCs and eligible for
inclusion. Twenty patients were
excluded (14 underwent valve repair,
2 had no surgery but percutaneous
transluminal coronary angioplasty,
and 4 refused to participate without
giving a reason), resulting in 279
high-risk patients being included in
the study. These patients were ran-
domly assigned to the 2 study groups
(140 were allocated to IMT group
and 139 to usual care group) .
Because 3 patients died (1 patient in
the IMT group before starting the
IMT and 2 patients in the usual care
group) before surgery, data for 139
patients in the IMT group and 137 in
the usual care group were available
for the interim analysis.

Baseline characteristics are shown in
TABLE 1. Both groups had a similar pre-
operative cardiac and pulmonary his-

tory. The mean (SD) number of weeks
awaiting surgery was 8.2 (5.9) weeks
for the IMT group and 7.0 (5.4) weeks
for the usual care group (P=.11). The
wide range reflects the lengthy wait-
ing period for some of the partici-
pants. The duration of surgery, num-
ber of coronary vessels affected by
disease, and cardiopulmonary bypass
time were not significantly different in
the 2 groups. The median duration of
mechanical ventilation was signifi-
cantly longer in the usual care group
(5 hours; range, 1-79 hours) than in the
IMT group (4 hours; range, 1-1287
hours) by Mann-Whitney U statistic
(z=−3.842; P=.001).

Success of IMT

All participants in the intervention
group recorded their daily inspiratory
muscle workout in the diaries and the
rating of perceived exertion on the
Borg scale. No participants dropped
out and all participants in the IMT
group returned the questionnaire
(mean [SD] scores for satisfaction and
motivation on a 10-point scale were
8.1 [0.6] and 8.4 [0.9], respectively).
Patients in the IMT group exercised
for a mean of 29.7 days (range, 14-90
days) without experiencing adverse
events during and after training ses-
sions. The mean (SD) inspiratory
muscle strength, assessed by measur-
ing the Pi-max at residual volume,
increased significantly from 81.1
(29.5) cm H2O at baseline to 95.6
(31.6) cm H2O (P� .001) at the end of
the preoperative training period in the
IMT group, but not in the usual care
group (80.3 [31.4] vs 79.5 [31.3] cm
H2O, respectively; P=.28). Respiratory
muscle endurance, expressed by the
relationship between Pm-peak and Pi-max,
also increased significantly after
training in the IMT group (48.8%
[15.7%] vs 56.0% [15.1%], respec-
tively; P�.001), but not in the usual
care group (50.7% [14.4%] vs 51.8%
[16.4%], respectively; P = .24). One
day before surgery, there were statisti-
cally significant differences in both the
inspiratory muscle strength and
endurance between the 2 groups

(F = 32.84, P�.001; and F = 6.61,
P=.01; respectively). Both Pi-max and
Pm-peak/Pi-max increased statistically sig-
nificant during the first 4 weeks of
IMT; thereafter, this increase leveled
off.

Primary Outcome Measure

In-hospital data were available for all
participants. A total of 25 (18.0%) of
the 139 patients in the IMT group and
48 (35.0%) of 137 patients in the usual
care group developed a PPC grade of
at least 2 (TABLE 2). This difference was
statistically significant (OR, 0.52; 95%
confidence interval [CI], 0.30-0.92).
The incidence of pneumonia was 6.5%
(9/139 patients) in the IMT group and
16.1% (22/137 patients) in the usual
care group (OR, 0.40; 95% CI, 0.19-
0.84). The bacteriological spectrum was
similar in both groups. Three (13.6%)
of 22 patients in the usual care group
developed respiratory failure as a con-
sequence of pneumonia and died after
surgery; none of the patients in the IMT
group died. Another patient in the usual
care group died after surgery as a re-
sult of cardiac failure (OR, 0.54; 95%
CI, 0.48-0.60).

To account for differences in the base-
line characteristics between groups of pa-
tients evident after randomization un-
dergoing IMT and usual care, we
performed2posthocanalyses. In the first
analysis, we performed a stratified analy-
sis among smokers and nonsmokers, and
found that the study effect persisted only
in the smokers group (�2

1=4.62; P=.03)
and not in the nonsmokers group
(�2

1=2.77; P=.10). We also performed a
logistic regression analysis looking at the
relationship of potentially confounding
variables (eg, smoking, New York Heart
Association classification, diabetes melli-
tus, duration of surgery, duration of me-
chanical ventilation) and the primary
outcome, and found that none of these
potential confounders were signifi-
cantly associated.

Secondary Outcome Measure

The median duration of postoperative
hospitalization was 7 days (range, 5-41
days) in the IMT group and 8 days

Figure. Flow Diagram of the Study
Participants

140 Assigned to Receive
Preoperative
Inspiratory Muscle
Training

139 Assigned to Receive
Usual Care

299 With PPC Risk
Score ≥2 Assessed
for Eligibility

356 Excluded (PPC
Risk Score ≤1)

20 Excluded
16 Did Not Meet

Inclusion
Criteria

4 Refused to
Participate

279 Randomized

137 Included in Interim
Analysis

2 Excluded (Died
Before Surgery)

655 Patients Assessed
Preoperatively

139 Included in Interim
Analysis

1 Excluded (Died
Before Surgery)

PPC indicates postoperative pulmonary complication.
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(range, 6-70 days) in the usual care
group (Table 2), which was signifi-
cantly different by Mann-Whitney U
statistic (z=–2.42; P=.02).

COMMENT
To our knowledge, this is the first ran-
domized clinical trial of a preoperative
prophylactic tailored physical therapy in-
tervention in patients scheduled for pri-
mary elective CABG surgery, based on
artery occlusion, who are at high risk of
developing PPCs. As hypothesized, pre-
operative physical therapy with IMT in
high-risk patients significantly im-
proved inspiratory muscle function.
Moreover, in patients receiving preop-
erative physical therapy, the incidence of
PPCs was reduced by 50% compared
with patients receiving usual care. Con-
sequently, the duration of postopera-
tive hospitalization was significantly
lower in the IMT group.

Our strategy of selecting patients at
high risk of developing PPCs on the ba-
sis of risk factors was successful. Only 6
(1.4%) of 356 patients who were iden-
tified as being low risk of developing a
PPC developed postoperative pneumo-
nia vs 31 (11.2%) of 276 patients who
were identified as being high risk of de-
veloping such complications. This shows
that it is possible to identify preopera-
tively those patients at high risk of de-
veloping a PPC. The overall risk profile
of both groups was similar to that of pa-
tients undergoing CABG surgery in the
United States captured in the Society of
Thoracic Surgeons National Adult Car-
diac Surgery Database experience.30

In patients at high risk of developing
PPCs, IMT resulted in significant im-
provement (18% increase) in mean (SD)
inspiratory muscle strength and respi-
ratory muscle endurance (from 81.1
[29.5] cm H2O at baseline to 95.6 [31.6]
cm H2O, respectively) and 15% in-
crease at the end of the training period
without causing adverse effects (from
48.8% [15.7%] to 56.0% [15.1%], re-
spectively). These results are in line with
the study results by Weiner et al,11,31

which involved patients undergoing
CABG surgery with a low risk of devel-
oping PPCs; Nomori et al,32 which in-

volved patients undergoing thoracic sur-
gery; and McConnell et al,33 which
involved healthy patients. Our data sug-

gest that preoperative IMT make the pa-
tients more resistant to the detrimental
consequences of surgery, decreasing the

Table 1. Baseline Characteristics of Patients in the IMT and Usual Care Group

Characteristics

No. of Patients (%)

P
Value*

IMT Group
(n = 139)

Usual Care Group
(n = 137)

Age, mean (SD), y 66.5 (9.0) 67.3 (9.2) .28
Sex

Male 108 (77.7) 107 (78.1)
.61

Female 31 (22.3) 30 (21.9)
BMI, mean (SD) 28.3 (5.5) 28.1 (3.2) .75
History of cigarette smoking† 45 (32.4) 52 (38.0) .48
Productive coughing 43 (30.9) 37 (27.0) .97
Lung function tests (%predicted)

FEV1 83.3 (20.4) 83.2 (18.6) .74
FVC 89.8 (17.1) 90.4 (16.7) .92
FEV1/FVC 96.0 (14.6) 95.5 (12.6) .45
IVC 89.9 (16.4) 88.1 (16.0) .54
FEV1/IVC 71.3 (13.1) 71.8 (11.9) .96

Respiratory muscle tests
Pi-max, cm H2O 81.1 (30.3) 80.3 (31.4) .21
Pm-peak/Pi-max, % 48.8 (15.7) 50.7 (14.4) .80
Pe-max, cm H2O 112.8 (31.2) 118.6 (25.7) .19

Left ventricle function
Ejection fraction �50% 84 (60.5) 89 (65.0)
Ejection fraction 30%-49% 33 (23.7) 42 (30.7) .41
Ejection fraction �30% 22 (15.8) 6 (4.3)

History of myocardial infarction 37 (32.5) 48 (35.0) .67
Hypertension 65 (57.0) 61 (44.5) .06
Hypercholesterolemia 36 (25.9) 36 (26.3) .32
New York Heart Association class‡

I 27 (19.4) 5 (3.6)
II 21 (15.1) 24 (17.5)
III 88 (63.3) 105 (76.5)

.12

IV 3 (2.3) 3 (2.2)
Presence of comorbid conditions

while taking medication
History of COPD 27 (19.4) 30 (21.9) .50
Diabetes mellitus 50 (43.9) 45 (32.8) .08

Duration of surgery, mean (SD), min 257.4 (70.4) 273.4 (109.1) .06
Cardiopulmonary bypass time, mean (SD), min 87.9 (55.9) 96.2 (57.8) .16
Duration mechanical ventilation, median (range), h 4 (1-1287) 5 (1-79) .01
No. of affected vessels

1 30 (21.6) 26 (19.0)
2 40 (28.8) 30 (21.9) .44
3 69 (49.6) 81 (59.1)

Type of surgery
On-pump CABG 112 (80.6) 114 (83.2)

.48
Off-pump CABG 27 (19.4) 23 (16.8)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CABG,
coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in the first
second of expiration; FVC, forced vital capacity; IMT, inspiratory muscle training; IVC, inspiratory vital capacity; Pe-max,
maximal expiratory mouth pressure; Pi-max, maximal inspiratory mouth pressure; Pm-peak, maximal peak pressure.

*Two-tailed.
†Defined as smoking within the past 8 weeks.
‡Defined as a functional and therapeutic classification for prescription of physical activity for cardiac patients. Class I in-

dicates patients with no limitation of activities (experience no symptoms from ordinary activities); class II, patients with
slight, mild limitation of activity (comfortable with rest or mild exertion); class III, patients with marked limitation of activity
(comfortable only at rest); and class IV, patients who should be at complete rest, confined to bed or chair (any physical
activity brings on discomfort and symptoms occur at rest).
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median duration of mechanical ventila-
tion, which was significantly longer in
the usual care group (5 hours) than in
the IMT group (4 hours) (Table 1). In-
spiratory muscle training also pro-
moted postoperative recovery, because
the median duration of hospitalization
was shorter in the 9 patients in the IMT
group who developed pneumonia than
it was in the 22 patients in the usual care
group who developed pneumonia (11.5
vs 13.0 days, respectively).

The 9 patients in the IMT group who
developed pneumonia had trained for
longer than the participants who did not
develop pneumonia (mean [SD], 40.71
[19.2] vs 28.95 [17.3] days, respec-
tively; P=.13). However, in the 9 par-
ticipants from the IMT group who de-
veloped pneumonia, the mean (SD)
inspiratory muscle strength was not sig-
nificantly increased between baseline and
1 day before surgery (78.63 [27.5] vs
80.85 [31.3] cm H2O, respectively;
P=.35). The inspiratory muscle endur-
ance also did not significantly increase
between baseline and 1 day before sur-
gery (51.11% [14.5%] vs 51.89%
[15.8%], respectively; P=.72). In con-
trast, the mean (SD) inspiratory muscle
strength and inspiratory muscle endur-
ance increased significantly between
baseline and 1 day before surgery in the
130 participants who did not develop
pneumonia (Pi-max, 82.64 [31.2] vs 90.00
[32.5] cm H2O, respectively; P�.001;
and Pm-peak/Pi-max, 50.34% [14.1%] vs
54.58% [16.3%], respectively; P�.001).

These outcomes are comparable with
the results of the study by Nomori et

al,32 which showed that IMT before tho-
racic surgery may prevent PPCs. In a
small, nonrandomized study, Rajen-
dran et al13 investigated the role of pre-
operative short-term pulmonary reha-
bilitation in patients with chronic
obstructive pulmonary disease who un-
derwent CABG surgery. The authors
showed that preoperative short-term
pulmonary rehabilitation in these pa-
tients improved pulmonary function;
decreased the incidence of atelectasis,
consolidation, and pneumothorax as
confirmed by chest roentgenogram; and
decreased health care expenditure as
evidenced by shorter ventilation time
and hospital stay. Castillo and Haas12

concluded that the use of preopera-
tive and postoperative chest physical
therapy strongly reduced the number
of patients who developed atelectasis,
but did not significantly affect the num-
ber of patients who developed respira-
tory complications due to infection.

Preoperative physical therapy before
abdominal as well as open-heart sur-
gery has been found to diminish post-
operative radiological alterations, aus-
cultation, blood gases, and length of
hospital stay, and to improve quality of
life.24,34-36 Nosinglephysical therapyinter-
vention is better than other interven-
tions in preventing PPCs.37 It is well
known that dysfunction of the respira-
tory muscles due to surgery may lead to
a reduction in vital capacity, tidal vol-
ume, and total lung capacity.38 This may
cause atelectasis in the basal lung seg-
mentsandadecreasedfunctionalresidual
capacity, which affects the gas exchange

properties of the lung by increasing the
ventilation/perfusionmismatch. Inaddi-
tion, atelectasis may be a risk factor for
pulmonary infections, which have sig-
nificant morbidity and mortality in this
patientpopulation.38 Inseverecases, these
consequences of impaired respiratory
muscle function may lead to respiratory
failure and death.39 Also, pneumonia is
associatedwith thedurationofmechani-
cal ventilation.40 In our study, the dura-
tion of mechanical ventilation was sig-
nificantly longer in the usual care group
than in thepreoperativephysical therapy
group. Because none of the other base-
lineandperioperativecharacteristicsdif-
fered between the 2 groups, the differ-
ence in the duration of ventilatory
support may be attributable to preop-
erative physical therapy with IMT.

The generalizability of our findings
may be restricted because our study had
a few limitations. In everyday clinical
practice, different physical therapists
train patients potentially eligible for
IMT; whereas in our RCT, all the pa-
tients were trained by the same physi-
cal therapist. Thus, it is important to
investigate the effects of IMT in a so-
called naturalistic/pragmatic trial or in
clinical practice.41 Also, during imple-
mentation Hawthorne effects will not
be so prominent. Lastly, although the
randomization appeared effective, there
were some variables (cigarette smok-
ing) that distinguished the 2 groups. It
is possible that these along with other
measures that were not significantly dif-
ferent after randomization may be con-
founding variables. Sensitivity analy-
ses that evaluated both their collective
effect and then the isolated effect of
cigarette smoking on outcome failed to
reveal anything but a conservative bias.

Postoperative pulmonary dysfunc-
tion after CABG surgery is associated
with a longer duration of mechanical
ventilation, difficulty weaning the pa-
tient, and prolonged hospitalization,
and may be associated with higher mor-
tality.6,38,42 We found that preventive
physical therapy with IMT adminis-
tered to patients at high risk of PPCs
before CABG surgery was associated
with an increase in inspiratory force and

Table 2. Duration of Postoperative Hospitalization and Level of PPCs Between the IMT and
Usual Care Groups*

Outcome
IMT Group
(n = 139)

Usual Care Group
(n = 137)

Odds Ratio
(95% CI)

P
Value

Duration of postoperative hospitalization,
median (range), d

7 (5-41) 8 (6-70) .02

Level of PPC
Grade 1 114 (82.0) 89 (65.0) 1.90 (1.09-3.38) .02

Grade 2 14 (10.1) 18 (13.1) 0.63 (0.41-0.95) .02

Grade 3 10 (7.2) 24 (17.5) 0.44 (0.23-0.84) .01

Grade 4 1 (0.7) 6 (4.4) 0.20 (0.02-1.64) .09

PPC grade �2 25 (18.0) 48 (35.0) 0.52 (0.30-0.92) .02

Pneumonia 9 (6.5) 22 (16.1) 0.40 (0.19-0.84) .01
Abbreviations: CI, confidence interval; IMT, inspiratory muscle training; PPC, postoperative pulmonary complication.
*Data are presented as number (percentage) unless otherwise specified.
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a decrease in the incidence of PPCs and
length of hospitalization. We consider
this to be an important presurgical in-
tervention that appears to be effective
at reducing morbidity.
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Study supervision: Helders, Brutel de la Rievere,
Van Meeteren.
Financial Disclosures: None reported.
Funding/Support: This study was funded by a project
grant 1310.0004 from the Netherlands Organization
for Health Research and Development; the Rudolf
Magnus Institute of Neuroscience of the University
Medical Center Utrecht, Utrecht, the Netherlands; Agis
Health Insurance House, Amersfoort; and the Royal
Dutch Association of Physical Therapy. PT-Medical,
the Netherlands, supplied the inspiratory threshold
loading devices.
Role of the Sponsors: The funding agencies and sup-
pliers had no role in study design, data collection, data

analysis, data interpretation, writing of the manu-
script, or the decision to submit the manuscript for pub-
lication. PT-Medical also had no role in the financial
funding of the study or salaries of support staff, grants,
and gifts.
Acknowledgment: We thank J. Cor Kalkman, MD,
PhD, Jan van Klarenbosch, MD, MSc, Hans Wesen-
hagen, MD, MSc, Department of Anesthesiology,
and Jan-Willem Lammers, MD, PhD, Department
of Pulmonary Diseases, for their comments and
suggestions. We also thank Ada Gigengack-Baars
and Kim Jalink, Department of Hospital Hygiene
and Infection Prevention, for their registration of
nosocomial infections; and our external investiga-
tor, Anske van der Bom, MD, PhD, Clinical Epide-
miologist, Julius Center for Health Sciences and Pri-
mary Care, University Medical Center, for her
contribution in patient allocation. None of the per-
sons named received compensation for their contri-
bution.

REFERENCES

1. Keenan TD, Abu-Omar Y, Taggert DP. Bypassing
the pump: changing practices in coronary artery
surgery. Chest. 2005;128:363-369.
2. Henke PK. Improving quality of care in vascular sur-
gery: the tools are available now. Am J Surg. 2005;190:
333-337.
3. Ng CS, Wan S, Yim AP, Arifi AA. Pulmonary dys-
function after cardiac surgery. Chest. 2002;121:1269-
1277.
4. American Thoracic Society. Standardization of
spirometry: 1994 update. Am J Respir Crit Care Med.
1995;152:1107-1136.
5. Montes FR, Maldonado JD, Paez S, Ariza F. Off-
pump versus on-pump coronary artery bypass sur-
gery and postoperative pulmonary dysfunction. J Car-
diothorac Vasc Anesth. 2004;18:698-703.
6. Scott BH, Seifert FC, Grimson R, Glass PS. Octo-
genarians undergoing coronary artery bypass graft sur-
gery: resource utilization, postoperative mortality, and
morbidity. J Cardiothorac Vasc Anesth. 2005;19:583-
588.
7. Toumpoulis IK, Anagnostopoulos CE, Balaram SK,
et al. Assessment of independent predictors for long-
term mortality between women and men after coro-
nary artery bypass grafting: are women different from
men? J Thorac Cardiovasc Surg. 2006;131:343-351.
8. Pasquina P, Tramier MR, Walder B. Prophylactic
respiratory physiotherapy after cardiac surgery: sys-
tematic review. BMJ. 2003;327:1379-1385.
9. Lee TH, Shammash JB, Ribeiro JP, Hartley LH, Sher-
wood J, Goldman L. Estimation of maximum oxygen
uptake from clinical data: performance of the Spe-
cific Activity Scale. Am Heart J. 1988;115:203-204.
10. Carli F, Zavorsky GS. Optimizing functional ex-
ercise capacity in the elderly surgical population. Curr
Opin Clin Nutr Metab Care. 2005;8:23-32.
11. Weiner P, Zeidan F, Zamir D, et al. Prophylactic
inspiratory muscle training in patients undergoing coro-
nary artery bypass graft. World J Surg. 1998;22:427-
431.
12. Castillo R, Haas A. Chest physical therapy: com-
parative efficacy of preoperative and postoperative in
the elderly. Arch Phys Med Rehabil. 1985;66:376-379.
13. Rajendran AJ, Pandurangi UM, Murali R, et al. Pre-
operative short-term pulmonary rehabilitation for pa-
tients of chronic obstructive pulmonary disease un-
dergoing coronary artery bypass graft surgery. Indian
Heart J. 1998;50:531-534.
14. The Society of Thoracic Surgeons. Definitions of
terms of the society of thoracic surgeons national car-
diac surgery database. Ann Thorac Surg. 1994;58:271-
273.

15. Brooks-Brunn JA. Postoperative atelectasis and
pneumonia: risk factors. Am J Crit Care. 1995;4:340-
349.
16. Hulzebos EH, Van Meeteren NL, De Bie RA, Dag-
nelie PC, Helders PJ. Prediction of postoperative pul-
monary complications on the basis of preoperative risk
factors in patients who had undergone coronary ar-
tery bypass graft surgery. Phys Ther. 2003;83:8-16.
17. McCool FD, Rosen MJ; American College of Chest
Physicians (ACCP). Nonpharmacologic airway clear-
ance therapies: ACCP evidence-based clinical prac-
tice guidelines. Chest. 2006;129:250S-259S.
18. Lapin CD. Airway physiology, autogenic drain-
age, and active cycle of breathing. Respir Care. 2002;
47:778-785.
19. Pryor JA. Physiotherapy for airway clearance in
adults. Eur Respir J. 1999;14:1418-1424.
20. Lötters F, Van Tol B, Kwakkel G, Gosselink R. Ef-
fects of controlled inspiratory muscle training in pa-
tients with COPD: a meta-analysis. Eur Respir J. 2002;
20:570-576.
21. Borg GAV. Psychophysical bases of perceived
exertion. Med Sci Sports Exerc. 1982;14:377-381.
22. Crowe JM, Bradley CA. The effectiveness of in-
centive spirometry with physical therapy for high-
risk patients after coronary artery bypass surgery. Phys
Ther. 1997;77:260-268.
23. Kroenke K, Lawrence VA, Theroux JF, Tuley MR.
Operative risk in patients with severe obstructive pul-
monary disease. Arch Intern Med. 1992;152:967-971.
24. Chumillas S, Ponce JL, Delgado F, Viciano V, Ma-
teu M. Prevention of postoperative pulmonary com-
plications through respiratory rehabilitation: a con-
trolled clinical study. Arch Phys Med Rehabil. 1998;79:
5-9.
25. Dal Nogare AR. Nosocomial pneumonia in the
medical and surgical patient. Med Clin North Am. 1994;
78:1081-1090.
26. Blok H, Gigenback-Baars A, Wesenhagen H, Mas-
cini E. Twee registratieprojecten van ziekenhuisinfec-
ties bij cardiochirurgische patienten. Tijdschrift voor
Hygiene en Infectie Preventie. 2003;6:172-176.
27. O’Brien PC, Fleming TR. A multiple testing pro-
cedure for clinical trials. Biometrics. 1979;35:549-556.
28. Montori VM, Devereaux PJ, Adhikari NK, et al.
Randomized trials stopped early for benefit: a system-
atic review. JAMA. 2005;294:2203-2209.
29. van der Tweel I, van Noord PAH. Early stopping
in clinicals trials and epidemiologic studies for “futil-
ity”: conditional power versus sequentiola analysis.
J Clin Epidemiol. 2003;56:610-617.
30. Ferguson TB Jr, Hammill BG, Peterson ED, De-

Long ER, Grover FL. A decade of change: risk profiles
and outcomes for isolated coronary artery bypass graft-
ing procedures, 1990-1999: a report from the STS Na-
tional Database Committee and the Duke Clinical Re-
search Institute: Society of Thoracic Surgeons. Ann
Thorac Surg. 2002;73:480-489.
31. Weiner P, Suo J, Fernandez E, Cherniack R. Effi-
ciency of the respiratory muscles in healthy individuals.
Am Rev Respir Dis. 1989;140:392-396.
32. Nomori H, Kobayashi R, Fuyuno G, Morinaga S,
Yashima H. Preoperative respiratory muscle training:
assessment in thoracic surgery patients with special
reference to postoperative pulmonary complications.
Chest. 1994;105:1782-1788.
33. McConnell AK, Romer LM. Dyspnoea in health
and obstructive pulmonary disease. Sports Med. 2004;
34:117-132.
34. Fagevik Olsen M, Hahn I, Nordgren S, Lonroth
H, Lundholm K. Randomized controlled trial of phro-
phylactic chest physiotherapy in major abdominal
surgery. Br J Surg. 1997;84:1535-1538.
35. Vraciu JK, Vraciu RA. Effectiveness of breathing
exercise in preventing pulmonary complications fol-
lowing open heart surgery. Phys Ther. 1977;57:1367-
1371.
36. Arthur HM, Daniels C, McKelvie R, Hirsh J, Rush
B. Effect of a preoperative intervention on preopera-
tive and postoperative outcomes in low-risk patients
awaiting elective coronary artery bypass graft sur-
gery: a randomized, controlled trial. Ann Intern Med.
2000;133:253-262.
37. Stiller KR, Munday RM. Chest physiotherapy for
the surgical patient. Br J Surg. 1992;79:745-749.
38. Wynne R, Botti M. Postoperative pulmonary dys-
function in adults after cardiac surgery with cardiop-
ulmonary bypass: clinical significance and implica-
tions for practice. Am J Crit Care. 2004;13:384-393.
39. Laghi F, Tobin MJ. Disorders of the respiratory
muscles. Am J Respir Crit Care Med. 2003;168:10-48.
40. Yende S, Wunderink R. Causes of prolonged me-
chanical ventilation after coronary artery bypass
surgery. Chest. 2002;122:245-252.
41. Horn SD, DeJong G, Ryser DK, Veazie PJ, Ter-
aoka J. Another look at observational studies in reha-
bilitation research: going beyond the holy grail of the
randomized controlled trial. Arch Phys Med Rehabil.
2005;86:S8-S15.
42. Zupancich E, Paparella D, Turani F, et al. Me-
chanical ventilation affects inflammatory mediators in
patients undergoing cardiopulmonary bypass for car-
diac surgery: a randomized clinical trial. J Thorac Car-
diovasc Surg. 2005;130:378-383.

POSTOPERATIVE PULMONARY COMPLICATIONS AND CABG SURGERY

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, October 18, 2006—Vol 296, No. 15 1857

 at Univ Maastricht, on May 1, 2007 www.jama.comDownloaded from 

http://www.jama.com

