R¢Seo rch Report

The Effectiveness of Incentive
Spirometry With Physical Therapy for
. High-Risk Patients After Coronary
~ Artery Bypass Surgery

Background and Purpose. The purpose of 'this study was to determine

whether the addition of incentive spirometry. (IS) to postoperative

pulmonary physical therapy, is more effective than physical therapy,
alone in reducing postoperative pulmonary complications in high-risk’
patients after coronary artery bypass grafung (CABG) Pauents were
given the spirometer and instructed in its' use, as oftén occurs in
clinical settings. Sub|ects Patientb with | chronic airflow. lrmltatmn
following CABG (N=185) participated. Methods. Subjects were ran-
domly assigned to receive either postoperative pulmonary: physical
therapy (breathing exercises, secretion removal, mobility) or physical:
therapy combined with IS. Results. No difference was found between

the two groups in atelectasis, spirometry, oxygen saturation, pulmonaty
infection, or hospital stay. Conclusion and’ Discussion. Incentive spi-’
rometry combined with physical therapy is no more effective than
postoperative physical therapy alone in reducing atelectasis for this
population. Use of the spirometer, however, was not monitored, and
although the study mimicked practice as it often occurs, the effective-
ness of the spirometer cannot be fully evaluated. [Crowe JM, Bradley
CA. The effectiveness of incentive spirometry with physical therapy for

high-risk patients after coronary artery bypass surgery. Pkys Ther.

1997,77:260-268.]
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ulmonary complications in the period immedi-

ately following coronary artery bypass grafting

(CABG) are a cause of morbidity.! Patients with

preexisting pulmonary disecase have been
reported 1o be at increased risk for complications follow-
ing surgery.'"* By contrast, Warner et al* reported no
increased risk following CABG.

The etfectiveness of physical therapy: when provided
routinely for patients following CABG has not been
proven to be effective in decreasing morbidity.>7 Jen-
kins et al”? concluded that the addition of breathing

exercises or incentive spirometry| (IS) to early ambula-

tion, forced expiratory maneuvers, and coughing con-
ferred no additional benefits to their patient population,

whose average preoperative spirometric data indicated |

no airflow limitations. Stiller et al® also studied patients
whose. preoperative spirometric_data indicated: no: air-
flow limitations. They reported that preoperative educa-
tion, postoperative deep breathing exercises, and forced
expiration  maneuvers were not effective :in  reducing

morbidity. Johnson et al® did not . provide . sufficient,
spirometric data to allow determination of whether their
patients had airflow limitations. They reported that for -

those patients with minimal. atelectasis at the time of
extubation, the addition of sustained maximal inflations
(SMI) to a routine of education, early ambulation, and

JM Crowe, MHSc, PT, is Assistant Clinical Professor School of Rchablhmuun Scwnce Mc\‘[asl.cr Umvcrsuy. Bldg Tl7

deep breathing exercises did not reduce morbidity.¢ The
outcomes of those patients with marked atelectasis at the
time of extubation were not improved by the addition of
percussion to a regimen of ambulation, deep breathing
exercises, and SMI.%

Patients with preexisting pulmonary disease may have
been included in these and other studies that evaluated
the effectiveness of both IS and physical therapy, but
their data were not analyzed separately. Smoking is a risk
factor for the development of beth coronary artery

‘disease® and pulmonary. diseases,” and many patients

undergoing CABG demonstrate spirometric evidence of
-pulmonary disease. ' -
‘Incentive, spirometry is used frequently as a component
of postoperative pulmonary management. Studies evalu-
-ating the effectiveness. of ' IS'in patients who have'had
" cardiac surgery, however,! lmve been unable to demon-

sstrate: the superiority of IS over breathing exercises,”19 "~ *

early I]‘l()blllzdll{)!'l"? '9/oriintermittent. positive pressure
breathmg 113 contrast Oultun ct al't compared the
.use: of physu:al thelapv alone with the use of physical
therapy and reach of ' two ‘incentive spirometers and
‘found that the gmup using an device requiring a pneset
-volume goal had supenol rcau!u.
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Table 1.

Measurement Schedule

Measure” Preoperative Extubation Day 2 Day 3 Discharge
Chest radiograph
AP X X X X
PA X X
Lateral X X
FEV,, FVC X X X X X
Oxygen saturation X X X X X

* AP =anteroposterior, PA=posteroanterior, FEV, =forced expired volume in 1 second, F¥C=torced vital capacity.

Table 2.

Chest Radiograph Analysis
Scale Finding
0 Clear or minor collapse, either unilaterally or bilaterally
1 Major collapse, either unilaterally or bilaterally

Yes/no Pleural effusion
Yes/no
Yes/no

Pneumothorax

Pulmonary edema

The purpose of this study, therefore, was to investigate
whether a combination of IS and physical therapy was
more effective than physical therapy alone in decreasing
postoperative complications in high-risk patients with
chronic airflow limitation secondary to obstructive air-
ways disease who were undergoing CABG.

Methods and Materials

Subjects

All patients who were scheduled for coronary artery
bypass surgery alone (not associated with valve replace-
ments or other procedures} between November 1991
and December 1993 underwent preoperative spirometry
screening. Forced expired volume in 1 second (FEV))
and forced vital capacity (FVC) were collected preoper-
atively. Patients who met the criteria for the study (FEV,
of less than 70% of the predicted value, using prediction
equations reported by Crapo et al,'® and an FEV, /FVC
ratio of less than (.8) were asked to participate in the
study, and written informed consent was obtained.
Patients who developed hemodynamic complications
(eg, intraoperative myocardial infarction, major blood
loss, marked hypotension, reduced cardiac output
requiring the use of an intra-aortic balloon pump or
extraordinary use of medications) in the operating room
and those who were intubated longer than 72 hours

following arrival in the cardiovascular intensive care unit
{(CV-ICU) were excluded.

262 . Crowe and Bradley

Procedure

Eligible subjects received preoperative physical therapy,
which included assessment of pulmonary status and
associated risk factors and education about postopera-
tive management. Postoperative physical therapy com-
menced on the first day in the CV-ICU. The therapist
assessed the patients, and then assisted them in lung-
expansion maneuvers (sustained maximal inspiratory
maneuvers and bed mobility) and secretion-removal
maneuvers (supported/assisted coughing). This man-
agement was provided once or twice per day by the
physical therapist, and encouraged by other members of
the health care team in the CV-ICU (nurses and respi-
ratory therapists). Chest wall vibrations and percussions
and suctioning were also done, if required. The fre-
quency and content of physical therapy treatments and
the encouragement by other staff members were pro-
vided similarly to all subjects in the trial. Patients were
treated by the physical therapist more than once per day.
if they had at least one of the following signs: radiolog-
ical evidence of lobar atelectasis, marked hypoxia, bilat-
eral or extensive adventitious or bronchial breath
sounds, or production of large amounts of sputum. After
extubation, physical therapy management continued as
described. Thoracic mobility and shoulder range-of-
motion exercises commenced on the second postopera-
tive day and were reinforced subsequently. As soéon as
possible, patients were assisted with ambulation (ti‘lis was
usually on the third postoperative day when the patients’
cardiovascular status was stable). Physical therapy man-
agement also included education about self-monitoring
and progression of activity.

At the time of extubation, normally in the first 24 hours
postoperatively, subjects were assigned randomly to one
of two treatment protocols, using a computer-generated
random number table. Researchers'®!? have reported a
greater effect on pulmonary function for patients for
whom the internal mammary artery was used for the
bypass when compared with saphenous vein conduit. To
ensure that subjects receiving the mammary artery con-
duits were equally distributed between the two treatment
groups, separate randomization tables were used (prog-
nostic stratification).
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Group 1. Subjects who were randomly assigned to this Table 3.: ) o
group received only the postoperative physical therapy i Preoperoll\lfe Screening for Eligibility and Reasons for Nonentry
described. —

1. i No. of -

: , . Y g Patients
Group 2. Subjects who were randomly assigned to this
group received the physical therapy <management | |Underwent screening for eligibility 999
described, and they were provided with an. incentive | pid not meet spirometry criteria 800
spiromeler' on the day of extubation, with directions for " Mel spiromeiry stinciare 199
its use. This device is volume oriented, with a!flow- ”' Rebhsad ;
monitoring component to encourage a sustained maxi- | 9_}_5 Ronoeh
mal inspiration. Nursing, respiratory therapy, and phys- '""l‘mpﬂfc"“’e complications 3
ical therapy staff were instructed to remind all subjects in | |Marked bronchospasm, unable to do spirometry ]
group 2 to use the device hourly, but spirometer: used f lmqboted >72h é
was not successfully measured. oo iy, Rcmdomly assigned lo receive only physical therapy,

! IR | T wﬁn incentive spuomeiry by staff

Measurements ' = - ] Totol ellglbler but not assigned fo groups 14
T'he primary outcome measure chosen was atelectasis as _ Totol ehigible’and randenly; tssoned lo:groups 185
estimated by chest radiography. Table .1 details the '

measurement schedule. Atelectasis, or collapse of the
expanded lung, was evaluated using the scale shown in
Table 2, which was based on previously described pul-
monary radiographic evaluation methodology.”? These
measurements were read and categorized by a single
observer, who was blind to the treatment allocation: of

each pauent s' hospital record, counting the day follow-
.1ng surgery as Lhc first postoperative day.

: Lung volumes (l"'E\:’1 , FVC) were also measured for the

the patient. This observer also noted:the presence or 3 days following -extubation and prior to_discharge
_ . |because, ‘patients with radiologic evidence of atelectasis
absence of pulmonary edema, pneumothorax, and pleu-

.-z-’fre utntl have decreased lung volumes.?! Spirometric
ral effusion, because all of these: sequelae can. mﬂuence e ) Y 8 P %

: measurements were' taken with a portable spirometer,
pulmonary function. S ;

I".:I-.\wuh t.herpauem seated. or'lying at a 45-degree incline,’
: ' rusing standardlzcd instructions. The best FEV, dnd FVC!
i oft three trials: were recorded, not necessarily from the
‘same trial. Forced expired volume in 1 second and FVC'
arelamong the most rehable of spirometric ' measures,
- with coefﬁaents of variation of between 1.95% and 4. 5% LN
in asymptomauc individuals and slightly greater when ' *
-«assomated ‘with | pathology 20 'Measurements obtained!
‘with| pockel splrometers ‘have been found to correlate,
hlghly \with /those obtained with the Vl[alographgl" it
(r— 981rfor FVC r— 9491 for FEV,).22 When measuring - .

: / 1 ,

early postoperative phase, if Lhe patient was usmg added' _the pocket spu‘ometer underestimates the vo R ®
by 201 ‘mL, when, compared with the Vitalograph, thc'_

oxygen, the pulse oximeter was. removed fori15' mmutes -

: _u-standard bellows ‘type ' of spirometer used to meapure..
prior to assessment of oxygen saturation.’ HE lhe pauent ;

- these lung volumes = '
desaturated’ below' 88% while! brealhmg room air,. oxy- 2 E
ren saturation was not measured 'Pulse oximetry mea- I
B i1 b tDcla Anolysus \ G :
surements have been found o correlate well with dlrect A X Stl £ the N B onsatbe e
measurements of arterial oxygenation when saturauons' : a_r b 0 - g p
are above 80% (r=.878- 981) 19 Pulse oximeters consis- -

..'| ack-years) ‘and, chi-
tently underestimate true saturation by 2.0%: to' 2.8%.1°" FEV" KRV AHC o) mflokmg F; keyears) ndd
Nickerson et al? reported that changes of (1% in the square. tests (gender Hse OLichEa mammanyiecy du“ -
saturation range above 90% and 2% in the range below .number of vesscls' bypassed, numbt,; of patientsun er;
90% are indicative of clinical change.2’ The number of ,gomg fedorpio e diregicuttent STGREL! CUENCUSE O

: 5 : . -bronchodila Postoperative atelectasis in the two.
postoperative days in the hospital were extracted from ons tors). o
T groups ‘was analyzed for each day of measurement, using

Sccondary outcome measures  included | estimation < of .
lung infection, oxygen saturation, and number of post- -
operative days in the hospital. Lung infection was deter— /
mined to be present. if there was a: lempcrature ;ator -
above 38.5°C (using an'lvac' tympanic tcchnlque) rafter
the day of surgery, associated with a posmvefsputuml-
culture. Increased temperature :alone | has | not I'been'-
demonstrated to be a reliable’ 1'nd1cator of postoperaﬂve i
pulmonary complications.!® Oxygen saturation was esti- -
mated noninvasively, usmg aj pulse ox1melcr'l' In' the

" Voludyne 5000 spirometer, Sherwood Medical Co, 1915 Olive St, St Lm.us MO ¢ oEl Roxon Pocket Spirometer, Mn:m Medical Ltd, PO Box 6, Rochester, Kent,
63103, | United ngdom MEL 2A7,
' Mudel 8500, Nonin Medical, 12900 Highway 55, Plymomh MN 5544[ © ' 'S Vitalograph Lid, 8347 Quivera Rd, Lenexa, KS 66215,
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Table 4.

Precperative Profiles of Study Patients®

Variable PT Only I1S+PT - Test/Significance
{Age (y). -
LX 64.8 64.0 Frest/P=.54
sD 8.6 89 .
Range - 42-83 38-78
Gender _
Male (%) 79 (83%) 74 (82%) X2/P=87
FEY, (1 LT at
L X IRt , W 1.8 1.9 ttest/P=38"1
LosD i L - 05 0.5 . '
!/ Range ' 5% . 0.49-2.68) 0.71-2.8}
(FEV/{ /FVC rati CE e T i i e e
0.68" : 0.65° ttest/P=.057 "
JII Range ©0.18-0.79, - 0.43-073 I
Vassais*bypas.sed - ' i L o
e M L 29 2.8 trest/P=76: =
- 8D L ST 0.9 ol e &
Rcmga : it i r.. : ; 1-5° : 1-5. .
Conddll LT . , e’
|ntemu'| mammary uﬁefy [% i, s 61 (64%) 58 (64%) Q/P— 97
CABG: inftial/redo : :
Inifial (B%) 4 T8 T 91 (96%) 85 (94%) - "‘/P— 67
Smoklng ot lrme of surgery I C e '
Yes (%) 9 (10%) 9 (10%) x2/P=|,00f
'PaEk-yeors . : . ) L i I
R S T A : 30.6 . 31.0. ttest/P=91..
0 PP B e ) 23 26
T D R T B 0-84. 0-80
Preoperchve use of bronchodduiors . R
Yes (%) ' : 21 (22%) 15 (17%) X 2/P=‘_40 I

= FEV,=forced expired volume in 1 second, FVC=forced vital capacity, CABG=coronary artery bypass grafting, PT=physical therapy, IS=incentive spirometry.

' chle 5.

Incidence of Atelectasis IUnllaIer{ﬂ or Bl!uiercﬂ] Measured
Radiographically®

PT Only 1S+PT Signifi-
(n=95) (n=90) cance®
Preoperative : - 1/95 {1.0%), 0/90 (0%) . 1
Extubation* 9/95(9.5%)" . ' 13/88 (14.8%) P=.36
' Day 2* 19/91 {20.9%) ©  15/84 (17.9%) P=.73
Day 3* 11/49 (22.5%) 16/49 (32.7%) P=.25
Discharge*  10/95(10.5%)  9/89 (10.1%)  P=.97

“Asterisk (*) indicates some missing data. Radiographs not always available for
each subject daily. PT=physical therapy, IS=incentive spirometry.
*Significance based on chi-square test.

I Not significant; unable 1o calculate because of “07 in one cell and “17 in
another cell.

chi-square tests. Radiologic evidence of pleural effusion,
pneumothorax, and pulmonary edema was analyzed
using a two-tailed Fisher's Exact chi-square test, as were
incidence of postoperative infection and oxygen satura-
tion. Student’s ! tests were used to compare days in the
hospital.2* A Mantel-Haenszel chi-square test was done to

264", Crowe and Bradley -

test the overall treatment effect.2* A Breslow-Day test for
homogeneity was performed to determine whelhcf the
treatment effect was similar between subjects with .and
without atelectasis at extubation. Subjects were stratified
based on the presence or absence of pronounced atel-
ectasis at the time of extubation. Two-by-two tables of
treatment versus outcome were constructed for: each

subgroup. The Mantel-Haenszel procedure was used to -
test the average (summary) odds ratio over the two -

subgroups. The associated test of homogeneity of odds
ratio over strata vielded the formal comparison of

whether the treatment effect varied between strata. Risk -

reduction is computed as 1 minus the odds ratio. This is
a measure of oddsratio reduction or relative risk. A
probability value of .05 was considered to be the limit of
significance for all analyses.

Results

Nine hundred ninety-nine subjects who had CABG were
screened for the study. The mean FEV, /FVC ratio was
7596 (SD=98, range=18-96), and the mean FEV,
measured/FEV, predicted ratio was 80.3 (SD=17.8,

Physical Therapy . Volume 77 . Number 3 . Match:1997-



( i‘énge: 13-1 33). One hundred ninety-nine subjects:
(19.9% of those screened) met the entry criteria for the

'sfm details of enrollment, see Tab,.3)! Ra'r:ldomizationu
was successful'in that the two treatment groups: were
atched on all characteristics, and there were no differ--
dnces on any ofithese factors (Tab. 4). One hundred
ifty-three subjects had ! FEV, /FVC ratios; of ! less: Lhan

gtohsohdau:m at'the time of extubation (14 8% versus
15% in group 1), but this difference was'not stausucally
gnificant. e,

and 'pulmonary edema (evident rad:olog:cally) were less
ommonu{Tab 6). There.were no. dnfferenccb betweem
the two treatment groups on any of these ﬁndmgs 'at anyJ

Secondary outcomes included number of postoPeIatwe
days: in hospital, incidence of infection;' spirometry:
(FEV,, FVC), and oxygen saturation. There was no
. difference between the two treatment groups on any qf.
these outcomes (Tabs. 7 and 8, Figs. 2 and 3). '.

We assumed that subjects with marked atelectasis at the
time of extubation may benefit to a greater degree from
the intervention. In addition, there were slightly more
subJecLs with pronounced atelectasm in group 2. A

Hﬁ'n_e of extubauon and randomlzauon had" llltle evi-

bg‘taph) on the day of -extubation and" thus could 'not
'cluded in this analysis. In the 161 patients with mini-
al' atelectasis at extubation, there was no benefit'on-
_day 2, as demonstrated by the addition of IS (Fig. 4).
_Ve]y few of these subjects had atelectasis on the next day,
nd there was no difference between the two treatment:
gi'oups Among the 22 subjects with clinically important
Iate]ec:asm on extubation, there was a risk reduction of
I 28% in group 2 by the next day (Fig. 5). For the subjects’
in‘group 2, there was a 22% risk reduction by the third
.d‘ay"followmg extubation and a 54% risk reduction by

) Therapy . Volume 77 . Number 3 . Match 1997

0.75, which is lindicative. of a greater degree of'airﬂow"l
,lmnamm and they were equal]y dlsmbuted bemeen th(:e

fimes, oo .

‘5 dlfferentlate between those subjects who, at: the '

udy. One hundred eighty-five subjects entered the trial |

' Fagure e,

'lnmdence of ‘cleleciasis measured mdlogrophlca“y 1= mcenhve spi-

E

388

-
(=]

. Day2'

0 : 3
. Extubation - Day 3 Discharge

romeh*; PT“ physnéol Thempy

1

the time of dlschalge The test for homogenelry was not;
sngmﬁcant indicating that! the. relative risk was not

'stausucally significant; desplte the trend. There was no:

association between those 22 subjects with marked atel-

! N ' et ectams at'extubation and those with an FEV, JEVC' rauo
Plc ural.cﬂusmn (dmgnosed rachologlcally) was @ com-
mon  finding| postoperatively. (Tab. 6).. 'Pneumothorax,

of less than|06 whleh.mdlcates a\ greater. degree of:
chronlc alrﬂow limitation secondary to obstructive lung
disease; -

] Dlscusswn

1

Maximal: mﬂanons of the lung increase. production of. -

' surfactant,  improve eomphance and ' oxygenation,2*26

and may assist in reexpansion of areas of atelectasis.?’
Clinical trials evaluaung .the management of postopera-
tive’ comphcauom have been plagued by small sample
sizes, a lack statistical power to demonstrate a treatment
effect; no consensus as to what constitutes a complica-
tion, and inadequate descriptions of the treatment.
Trials that have failed to document the efficacy of
routine postoperative physical therapy treatments have ,

. not included power calculations, which would enable #
' the reader to detect a Type II error.57

‘Despite the _lack_ofl.e\,"idence, usage of IS for prophylaxis

of atelectasis  remains common and varies . widely,

i between 44% in the United Kingdom and 95% in the

United States.2%2% Incentive 5p1r0metry is provided in

combination w1Lh physu:al therapy in the United King-
| dom, whereas its combination with physical therapy is

less frequent in the United States.?®2® The incentive
spirometer used in our study cost $7.25, and if proven to
be as effective as physical therapy, would be an economic
alternative. The results of our study indicate that the use
of incentive spirometers in addition to physical therapy
is not- cost-effective. In our study, the only difference
between the two treatment conditions was the addition
of the visual biofeedback device (incentive spirometer),
which was de51gned to enhance patient compliance.

o Crowe and Bradley . 265



Table 6.

Numbers of Subjects With Radiographic Evidence of Pleural Effusion, Pneumothorax, and Pulmonary Edema®

“ PT=physical therapy, 1S=incentive spiromeuy.

Table 8.

Oxygen Saturation (Measured by Pulse Ommeh’y} ]denhfymg rhe
Number of Subjects With Suiurohon of Less Than 88% Without :
Supplemental Oxygen® " i

PTOnly IS+PT'  Test/Significance
Preoperative 0/89 . 0/84 =
Extubation 51/83 45/87 x2/P=.45
Day 2 42/87 33/86 X2/P=19
Day 3 21/86 17/85 x2/P=25
Discharge 0/90 0/7% o

“ PT=physical therapy, IS=incentive spirometry,
" Unable to calculate because of “0” in at least one cell,

One explanation for the lack of différence in outcomes
may be that subjects assigned to" use the incentive
spirometer did not comply. Our attempts to document
patient compliance with the use of the incentive spirom-
cter were not successful. All subjects in group 2 were
provided with a form on which they and staff in the
CV-ICU were asked to record use of the device each
hour. Only 15 of the 90 subjects who were randomly
assigned to receive the IS treatment documented any
use. Subjects may have used the device as taught and
failed to document utilization, or they may have used the
device only minimally. Our study was designed to dupli-
cate clinical practice, in which the patient is reminded by
staff in the critical care unit to use the incentive spirom-
eter as a visual cue to take maximal inspirations.

i Extubation | Day 2 Day 3 Discharge
' PT PT PT PT
Only 1S+PT Only - I1S+PT Only I1S+PT Only IS+PT
(n=95)  (n=88) (n=91) (n=84) (n=49) (n=49) (n=95) {n=89)
Pleural effusion 17 18 . an 25 24 19 38 - 37
Pneumothorax 2 3 2 1 2. 1 0! 1
[Pulmonary edema . . . 2. . 3 2. 2 0: vy 3 3. . AL
“P’]‘=physid_:,al I.heraply, [_S‘%Fnc(‘ﬂliv(‘. spifdnl'letr)f. e
Tabie i T Our. primary outcome was radiographic evidence of !
.Posioperchve Morbldny of SthY Patients® e ; atelectasis on the second postoperative day, at which
: : : - ' time the radiographs of 95% of the subjects were avail-
Outcome - PT Only . Is*"“-. 'I'_estfslgmﬁcqnc_e .. able. We included the data and analysis from subsequent
po'slopemﬁve days in | ' - days because they support the ﬁnldir'lg‘:s_,',bul we .rea].ilze:
_. hospital : _ that the evidence is not as strong. Radiographs were
i i Tl .90 .,.-_-_”eWP 223 available for only 58% of subjects on:the third postop-
. ED' g 2‘945\ B 12‘5 ! erative day, although they were obtainable for 99. 5% of
. Range . 4 =45 5-25'
JNo.-of patients with' ' i the subjects by the time of discharge. i
{ - postoperativet 'p , irin L et ) o ool
_infection (%), 10 (10.5%) | 8 (8.9%) ' x?/Pz.FI’I\! A control group with subjects receiving no postoperative

physical therapy was not available, because suchia pro-
tocol for patients considered to be at high risk would not
have been approved by our institutional ireview ‘board.
The Jack of differences in outcome: betweeni the two
treatment groups (and especially in those subjects with-
out marked atelectasis at extubation) may have been
masked by the fact that the two treatments were not
sufficiently different. This lack of differences in outcome
could have been exacerbated by the apparent lack of
compliance with use of the incentive spirometer.

Our study replicates previous studies in which the use of
IS combined with postoperative pulmonary physical
therapy was compared with the use of physical therapy
alone in a population undergoing CABG. In cdntrast to
previous studies, however, the inclusion criteria for our
study included an FEV, /FVC ratio of less than 0.8 and a
measured FEV) of less than 70% of the predicted value.
We were unable to find any benefit of IS combined with
physical therapy over physical therapy alone in the
management of these patients. Subjects who demon-
strated preoperatively a more marked chronic airflow
limitation were not more likely to develop marked
atelectasis postoperatively.

The use of radiological evidence as a primary outcome
has been used in many trials.”-* There is no standard-
ized method of radiographic analysis, but in our study all
radiographs were evaluated by one of the researchers,
who is both a pulmonologist and an intensivist (board-
certified in surgery, internal medicine, or anesthesia,
with additional training in managing patients in inten-



?{F.ﬂgqc_ed expired volume in 1 second (FEV,} as a percentage of.preoper-
'-'&_ﬁl\?_e FEV,. IS=incentive spirometry, PT=physical therapy.
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Subjects with no atelectasis at extubation (n=161): effect on doy 2
outcome. |S=incentive spirometry, PT=physical therapy.
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.Figure 3.
Forced vital capacity (FVC) as o percentage of preoperative FVC.
S=incentive spirometry, PT=physical therapy.

ive care). In our study, the incidence of pronounced
\‘atelectasis, either unilateral or bilateral, was measured
‘‘because both can be of clinical significance.

If'a true weatment effect reduces the rate of atelectasis
by 50% (from the 21% in group 1), this study had a 47%
_Itliwer to detect this difference. Our study, therefore,
may be considered slightly underpowered to detect a
reasonable clinical effect.

"' The stratified analysis of those 22 patients with marked
collapse at extubation showed a trend toward an added
benefit of 1S, with risk reductions above 22%, when
compared with the analysis of those patients who
received only physical therapy. This trend, however,
fajiiled to reach statistical significance and was not associ-
ated with poorer preoperative spirometry. This failure to
reach statistical significance may have been due to the
small number of subjects (n=22) with marked atelectasis
at' the time of extubation. The incidence of marked
lectasis was 10.8% overall, which was higher than the
incidence of 5.7% with segmental lobe collapse reported
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Figure 5.
Subijects with marked atelectasis at extubation (n=22): effect on day 2
outcome. IS=incentive spirometry, PT=physical therapy.

by Warner etal®! The overall rate of pulmonary infec-
tion was 9.7%, between the overall rate of 2.6% reported
by Warner et al3! and the overall rate of 20% reported by
Johnson et al.% Both the incidence of marked atelectasis
and the overall rate of pulmonary infection may lave
been associated with the degree of chronic airflow
limitation and smoking history of our subjects.

Conclusions

In order for incentive spirometers o be effective, they
must be used regularly (four to five sustained maximal
inspirations during each hour that the patient is
awake).*® An observation made by the physical therapists
involved in this study was that the incentive spirometer
was often placed out of the patient’s reach and sight.
Adherence to usage appears to be an issue. If further
study sanctions the effectiveness of IS in some patient
populations, a counter or alarm could be added to
encourage adherence.

The results of our study add to the existing body of
knowledge indicating that for the majority of patients
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with airflow limitation who undergo a CABG procedure,
the addition of IS to physical therapy is not justified. The
analysis indicates that for the small percentage of sub-
jects (approximately 12% in this study) who exhibit
marked atelectasis radiographically at the time of extu-
bation, there may be an added benefit by the addition of
IS to postoperative pulmonary physical therapy. Further
study with a sufficient number of subjects is needed o
establish whether the trend noted in our study is
significant.
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