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IMPORTANCE Incentive spirometers (ISs) were developed to reduce atelectasis and are in
widespread clinical use. However, without IS use adherence data, the effectiveness of IS
cannot be determined.

OBJECTIVE To evaluate the effect of a use-tracking IS reminder on patient adherence and
clinical outcomes following coronary artery bypass grafting (CABG) surgery.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial was conducted from June
5, 2017, to December 29, 2017, at a tertiary referral teaching hospital and included 212
patients who underwent CABG, of whom 160 participants were randomized (intent to treat),
with 145 completing the study per protocol. Participants were stratified by surgical urgency
(elective vs nonelective) and sex (men vs women).

INTERVENTIONS A use-tracking, IS add-on device (SpiroTimer) with an integrated use
reminder bell recorded and timestamped participants’ inspiratory breaths. Patients were
randomized by hourly reminder “bell on” (experimental group) or “bell off” (control group).

MAIN OUTCOMES AND MEASURES Incentive spirometer use was recorded for the entire
postoperative stay and compared between groups. Radiographic atelectasis severity (score,
0-10) was the primary clinical outcome. Secondary respiratory and nonrespiratory outcomes
were also evaluated.

RESULTS A total of 145 per-protocol participants (112 men [77%]; mean age, 69 years [95% CI,
67-70]; 90 [62%] undergoing a nonelective procedure) were evaluated, with 74 (51.0%) in the
bell off group and 71 (49.0%) in the bell on group. The baseline medical and motivation-to-
recover characteristics of the 2 groups were similar. The mean number of daily inspiratory
breaths was greater in bell on (35; 95% CI, 29-43 vs 17; 95% CI, 13-23; P < .001). The percentage
of recorded hours with an inspiratory breath event was greater in bell on (58%; 95% CI, 51-65 vs
28%; 95% CI, 23-32; P < .001). Despite no differences in the first postoperative chest radiograph
mean atelectasis severity scores (2.3; 95% CI, 2.0-2.6 vs 2.4; 95% CI, 2.2-2.7; P = .48), the mean
atelectasis severity scores for the final chest radiographs conducted before discharge were
significantly lower for bell on than bell off group (1.5; 95% CI, 1.3-1.8 vs 1.8; 95% CI, 1.6-2.1;
P = .04). Of those with early postoperative fevers, fever duration was shorter for bell on (3.2
hours; 95% CI, 2.3-4.6 vs 5.2 hours; 95% CI, 3.9-7.0; P = .04). Having the bell turned on reduced
noninvasive positive pressure ventilation use rates (37.2%; 95% CI, 24.1%-52.5% vs 19.2%; 95%
CI, 10.2%-33.0%; P = .03) for participants undergoing nonelective procedures. Bell on reduced
the median postoperative length of stay (7 days; 95% CI, 6-9 vs 6 days; 95% CI, 6-7; P = .048)
and the intensive care unit length of stay for patients undergoing nonelective procedures (4
days; 95% CI, 3-5 vs 3 days; 95% CI, 3-4; P = .02). At 6 months, the bell off mortality rate was
higher than bell on (9% vs 0%, P = .048) for participants undergoing nonelective procedures.

CONCLUSIONS AND RELEVANCE The incentive spirometer reminder improved patient
adherence, atelectasis severity, early postoperative fever duration, noninvasive positive
pressure ventilation use, ICU and length of stay, and 6-month mortality in certain patients.
With the reminder, IS appears to be clinically effective when used appropriately.
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A telectasis is one of the most common postoperative pul-
monary complications,1 affecting up to 90% of pa-
tients after surgery.2 The condition of deflated alveoli

has been associated with early postoperative fevers,3 in-
creased admission to the intensive care unit (ICU),4 early post-
operative mortality,4 and an increased length of stay.4 First
developed in the 1970s to reduce atelectasis, incentive spi-
rometers (ISs) work to open alveoli through sustained maxi-
mal inspiration.5 Although IS is routinely prescribed and poses
an annual cost of $1.04 billion6 in postoperative patients, to
our knowledge, its effectiveness has yet to be demonstrated,7

largely because of the inability to reliably track use adherence.8,9

If a patient is not using his or her IS, then its clinical effective-
ness cannot be ascertained. Therefore, to establish the effec-
tiveness of IS, the effect of IS use adherence must be studied.

Incentive spirometer use adherence cannot be controlled or
randomized a priori; thus, an intervention to increase adher-
ence, which can be randomized, can be used. In this case, in-
creases in adherence should then translate into better out-
comes if IS is effective. Reminders have been demonstrated to
increase patient adherence with various self-administered
therapies.10 The objective of this study was to evaluate the ef-
fects of an IS reminder on adherence and, in turn, clinical out-
comes in patients recovering from coronary artery bypass graft-
ing (CABG) surgery. The reminder was hypothesized to improve
IS use adherence and, as a result, postoperative atelectasis and
secondary clinical outcomes. Patients undergoing nonelective
surgery were hypothesized to demonstrate the greatest ben-
efit, as they were at higher risk for postoperative respiratory com-
plications than patients undergoing elective surgery.11

Methods
Experimental Design and Sample
This was a single-center, randomized clinical trial. The study was
performed at a tertiary referral teaching hospital with 4 experi-
enced, board-certified cardiothoracic surgeons. Consecutive pa-
tients undergoing CABG surgery between June 5, 2017, and De-
cember 29, 2017, were approached for preoperative consent and
all participants who gave written informed consent were en-
rolled in the study. As standard of care after CABG, following ex-
tubation all participants were prescribed IS as part of a standard-
ized pulmonary hygiene regimen that also included ambulation,
an oscillating positive expiratory pressure device, and pain con-
trol. Standard nursing IS orders were to remind patients to use
the device routinely every 4 hours.

Participants were randomized to either the experimental
“bell on” group (the bell sound turned on) or the control “bell
off” group (the bell sound turned off) for their entire postop-
erative hospital stay. Without a bell, the bell off group was rep-
resentative of current IS treatment practices. Participants were
permuted block randomized by prespecified factors that could
affect adherence and/or clinical outcomes, such as sex12,13 (male
or female) and operative urgency14,15 (elective vs nonelec-
tive). A list of computer-randomized group assignments was
generated before the study. After their surgery, sequential par-
ticipants were randomized by accessing this list while con-

cealing their subsequent allocation. The exclusion criteria were
individuals who did not or were not able to give informed con-
sent themselves or individuals who were unable to hear the
researcher during the consent process conversation, given the
audible nature of the reminder. This study was approved by
the Rhode Island Hospital institutional review board and the
reporting of this trial was done in accordance with Consoli-
dated Standards of Reporting Trials guidelines (Supplement 1).
Because the motivation to recover may influence IS use adher-
ence, factors related to patient motivation (self-efficacy,16

effort attribution,17 implicit theory of change,18 and locus of
control19) were assessed before surgery using a questionnaire
(eTable 1 in Supplement 2) to ensure that the randomization of
groups included this prespecified potential confounder.

Use Tracking With the IS Reminder Device
A use-tracking IS add-on device (SpiroTimer) was developed
to record and timestamp patient inspiratory breaths greater
than a daily target threshold inspiratory volume using a light-
based sensor. The SpiroTimer attached to the participants’ IS
(4000 mL PORTEX Coach2; Smiths Medical). The SpiroTimer
was set up and turned on every postoperative morning after
participants were extubated and not receiving noninvasive
positive pressure ventilation (continuous or bilevel positive air-
way pressure) while in the hospital. Each morning, the target
threshold inspiratory volume was set at the greatest of 3 ini-
tial attempts by the study staff members at the bedside to suc-
cessively approximate the participants’ postoperative inspi-
ratory volumes. The SpiroTimer had an integrated 75-decibel
bell that could sound for up to 2 minutes every hour, which is
the clinically suggested IS use frequency.20,21 The bell could
be silenced if the participant completed an inspiratory breath
greater than his or her target threshold volume. The Spiro-
Timer recorded every inspiratory breath regardless of whether
the bell was turned on or off, thereby tracking the use adher-
ence for both groups. To avoid sleep-wake cycle disruption and
to recreate how IS is currently implemented, the SpiroTimer
was turned on each morning (between 6:30 AM-8:30 AM) and
continued to record use until bedtime (8 PM-9 PM) each day.

Some days IS data could not be collected or were unreli-
able because of events such as delirium, air leaks from chest
tubes, SpiroTimer power interruptions, and mouth obstruc-
tion from the presence of a supplemental oxygen device, such

Key Points
Question What is the effect of a use-tracking incentive spirometer
(IS) reminder on patient adherence and clinical outcomes
following coronary artery bypass grafting surgery?

Findings In this randomized clinical trial that included 160
patients undergoing coronary artery bypass grafting, the patient
reminder improved IS use adherence, atelectasis severity, early
postoperative fevers, noninvasive positive pressure ventilation
use, intensive care unit length of stay by a day, and 6-month
mortality rates.

Meaning With the reminder, IS appears to be clinically effective
when used appropriately.
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as a face mask, that precluded IS use. In addition, data were
unreliable on the days that participants moved rooms or were
discharged because of moving-related activities that affected
patient IS performance and measurement (eg, the Spiro-
Timer was temporarily located in a different room from the pa-
tient) and were thus excluded for all participants.

Power Analysis
Because IS was developed to open alveoli and reduce atelec-
tasis, it is presumed that increased IS adherence would lead
to a reduction in atelectasis relative to treatment as usual. Thus,
this study was powered for superiority, in which those receiv-
ing bell on would have less atelectasis relative to those with
bell off (treatment as usual). Given the ubiquity2 of post-CABG22

atelectasis, validated23 atelectasis severity scores were used
to evaluate more subtle differences than a binary outcome.

In a study of post-CABG atelectasis, Joyce et al24 reported
a mean (SD) Wilcox25 severity score of 2.5 (1.8) for all patient
chest radiograph (CXR) results. For this study, the mean (SD)
atelectasis severity score was assumed to be 2.5 (1.8) for the
treatment as usual condition (bell off) at discharge; for the bell
on group, a 1-point difference from this was selected, as it is
the smallest increment of change on the Wilcox scale. To
achieve 80% power using an α of .05 with a 10% adjustment
for attrition and crossover for each condition, the total sample
size was calculated to be 160 participants.

Outcome Measures
Incentive spirometer adherence was hypothesized to drive
clinical improvement; thus, there were 2 primary outcomes:
a nonclinical and clinical outcome. The primary nonclinical
outcome measure was IS use adherence, measured by the num-
ber of inspiratory breaths achieved per day and the propor-
tion of recorded hours during which participants success-
fully completed at least 1 inspiratory breath.

The primary clinical outcome measure was atelectasis
severity on the first postextubation postoperative CXR (an-
teroposterior view) (excluding any obtained during noninva-
sive positive pressure ventilation therapy) and the final CXR
(anteroposterior or posterioranterior view) results obtained
before discharge. Each CXR was scored by 2 experienced, tho-
racic radiology fellowship–trained, board-certified radiolo-
gists who were masked to the intervention using the straight-
forward and validated23 modified24 Wilcox25 score per lung
(eTable 2 in Supplement 2).

Febrile episodes (period of time with temperatures ≥38°C)
during the first 4 postoperative days were evaluated.26 The
characteristics of the febrile episodes were compared be-
tween groups. The following additional secondary clinical out-
come measures were examined: length of stay (ICU and total
postoperative days), rate of return to baseline pulmonary func-
tion (forced expiratory volume in the first second [FEV1], forced
vital capacity [FVC], FEV1/FVC ratio, and peak expiratory flow
[PEF]), IS inspiratory volumes, supplemental oxygen use (use
rates and duration), pulmonary complication rates (eg, rein-
tubation, tracheostomy, pneumonia, pneumothorax, pulmo-
nary edema severity, pleural effusion, bronchospasm, and pul-
monary emboli), discharge location, and mortality (in-

hospital and 6-month). All primary and secondary outcome
measures, along with operative urgency subgroups (elective
and nonelective), were planned analyses a priori.

To assess the effect of the IS bell on nursing workload, ques-
tionnaires were distributed in person at 6:45 PM daily to nurses
who worked the 7 AM to 7 PM shift caring for participants en-
rolled in the study. For each patient, nurses were asked to an-
swer these questions: (1) how many times did you remind this
patient to use their IS? (“episodes”) and (2) how much time did
you spend educating or reminding this patient to use their IS?
(“minutes”).

Statistical Methods
All analyses were conducted using SAS, version 9.4 (SAS Insti-
tute) and all modeling examined the effects between condi-
tions (bell on vs bell off) by elective and nonelective status using
the GLIMMIX procedure (SAS). The data were analyzed by the
first 2 authors (A.E. M.E. and G.L.B.). The differences in base-
line characteristics were assessed using the Fisher exact test and
the t test for categorical and normal data, respectively. Use ad-
herence was examined for the number of inspiratory breaths
achieved per day and the proportion of recorded hours per day
that participants successfully completed at least 1 breath using
generalized mixed modeling (GMM) with sandwich estima-
tion, in which observations were nested within participants, as-
suming negative binomial and binomial distributions, respec-
tively. Wilcox atelectasis severity scores were examined at 2
separate points, first and final CXR, also using GMM, in which
scores were nested within participants. Radiologist agreement
was assessed using the Kendall coefficient of concordance with
the %MAGREE SAS macro. The count and times of reminders
from nursing, number of fevers and duration of fevers, dura-
tion of high-flow cannula and non-rebreather mask, and venti-
lation were all modeled using GMM assuming a negative
binomial distribution; motivational questions, reintubation,
tracheostomy, and mortality rates were modeled using GMM
assuming a binomial distribution. Differences between condi-
tions and surgical electively status for ICU and total postopera-
tive length of stay were examined using Kaplan-Meier estima-
tion with the LIFETEST procedure (SAS); because censoring
existed due to in-hospital death, the log-rank test was used. In-
centive spirometer volumes and pulmonary function tests (eg,
FEV1, FVC, FEV/FVC, and PEF δ from baseline) were modeled
using GMM assuming a normal distribution. Pulmonary com-
plications, discharge location, and 6-month mortality were as-
sessed using a Fisher exact test. The α was established, a priori,
at the .05 level and interval estimates were calculated for 95%
confidence; Tukey corrections were used for post hoc compari-
sons when appropriate. All analyses were conducted for the per-
protocol (n = 145) and intent-to-treat (n = 160) populations.

Results
Participants
From June 5, 2017, to December 29, 2017, 212 patients under-
went CABG. A total of 160 participants consented and were
randomized, with 80 in each group (intent to treat), thereby
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satisfying the sample size requirement. After nonadherence
and/or crossover, 145 (68.4%) completed the study per-
protocol (112 men [77%]; mean age, 68.7 years; 95% CI, 67.2-
70.2), with 74 participants randomized to the control bell off
group and 71 to the experimental bell on group (Figure).

Thebaselinemedicalandsurgicalcharacteristicsofthegroups
were not observed to be different (Table 1; eTable 3 in Supple-
ment 2). There was no difference observed between groups in the
assessed baseline motivational factors of adherence (eTable 4 in
Supplement 2), thereby confirming a successful overall random-
ization and that of the motivational factors.

Use Adherence
Overall, the mean number of daily inspiratory breaths (over-
all, 35.4 vs 17.1; P < .001) and percentage of recorded hours with
at least 1 or more inspiratory breaths (overall, 58.2% vs 27.5%;
P < .001) more than doubled for bell on vs bell off. This effect
held for participants undergoing nonelective and elective sur-
gery (Table 2).

Atelectasis
No differences were observed for mean atelectasis severity
scores between bell on and bell off (2.3 vs 2.4; P = .48) on the
first postoperative CXR. For the final CXR before discharge, the
mean atelectasis severity scores were significantly lower for
bell on than bell off (1.5 vs 1.8; P = .04) (Table 2). Such a find-
ing was particularly notable given that the first scores of both
groups were already low relative to what was hypothesized,
and thus the final score had little room to decrease (ie, the floor
effect). There was good concordance between the radiolo-
gists for the first CXR (k = 0.72) and final CXR (k = 0.75).

Figure. Study Design Flow Diagram

212 Patients undergoing CABG
during the study period 

52 Excluded from randomization 
30 Never screened 

1 Died before randomization 

15 Declined to participate
6 Withdrew before

randomization

160 Randomized

80 Randomized to control bell off
group (intent to treat) 

74 Patients (per protocol)

6 Excluded from analysis

1

1

Technical/power failure
(>2 d lost data)

2 Withdrew
2 Bell setting crossover

Died before device
administered 

80 Randomized to experimental
bell on group (intent to treat) 

71 Patients (per protocol)

9 Excluded from analysis

3

1

Technical/power failure
(>2 d lost data) 

4 Withdrew
1 Motor impairment from

cerebrovascular accident

Developed severe hiccups
leading to emesis in
a patient receiving
peritoneal dialysis

CABG indicates coronary artery bypass grafting.

Table 1. Study Participant Characteristics (Intent to Treat)

Variable
Control Bell Off
(n = 80)

Experimental
Bell On (n = 80)

Preoperative factors

Patients, No. (%)

Nonelective 45 (56.3) 51 (63.8)

Elective 35 (43.8) 29 (36.3)

Age, mean (95% CI), y

Overall 69.9 (67.7-72.1) 67.5 (65.4-69.6)

Nonelective 69.0 (66.2-71.9) 66.8 (64.3-69.3)

Elective 70.9 (67.5-74.4) 68.7 (64.6-72.8)

Male, No. (%) 62 (77.5) 61 (76.3)

Nonelective 37 (46.3) 39 (48.8)

Elective 25 (31.3) 22 (27.5)

BMI, mean (95% CI)

Overall 31.0 (29.9-32.2) 30.7 (29.6-31.8)

Nonelective 30.6 (29.0-32.1) 30.7 (29.4-31.9)

Elective 31.6 (29.7-33.6) 30.9 (28.8-33.0)

ASA class, mean (95% CI)

Overall 4.0 (3.9-4.0) 4.0 (3.9-4.0)

Nonelective 4.0 (3.9-4.0) 3.9 (3.8-4.0)

Elective 4.0 (3.9-4.0) 4.0 (4.0-4.0)

FEV1, mean (95% CI), L

Overall 2.0 (1.8-2.2) 2.0 (1.9-2.2)

Nonelective 2.0 (1.7-2.2) 2.0 (1.7-2.2)

Elective 2.1 (1.8-2.3) 2.2 (1.9-2.5)

FEV1 predicted, mean
(95% CI), %

Overall 70.9 (66.1-75.6) 68.7 (63.3-74.1)

Nonelective 67.4 (61.1-73.6) 68.2 (61.3-75.2)

Elective 76.6 (70.4-82.9) 73.2 (65.9-80.5)

FVC, mean (95% CI), L

Overall 2.5 (2.3-2.7) 2.6 (2.4-2.8)

Nonelective 2.4 (2.1-2.6) 2.5 (2.2-2.8)

Elective 2.6 (2.3-2.8) 2.8 (2.5-3.1)

FVC predicted, mean
(95% CI), %

Overall 65.1 (61.3-68.9) 66.1 (61.9-70.4)

Nonelective 60.6 (55.5-65.6) 64.0 (57.9-70.1)

Elective 70.9 (65.7-76.1) 69.9 (65.2-74.5)

OSA, No. (%) 16 (20.0) 18 (22.5

Nonelective 9 (11.3) 12 (15.0)

Elective 7 (8.8) 6 (7.5)

Asthma, No. (%) 5 (6.3) 6 (7.5)

Nonelective 1 (12.5) 3 (3.8)

Elective 4 (5.0) 3 (3.8)

Smoker, No. (%)

Current smoker 8 (10.0) 6 (7.5)

Nonelective 6 (7.5) 5 (6.3)

Elective 2 (2.5) 1 (1.3)

Former smoker 43 (53.8) 42 (52.5)

Nonelective 22 (27.5) 28 (35.0)

Elective 21 (26.3) 14 (17.5)

Never smoked 29 (36.3) 32 (40.0)

Nonelective 17 (21.3) 18 (22.5)

Elective 12 (15.0) 14 (17.5)

(continued)
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Table 1. Study Participant Characteristics (Intent to Treat) (continued)

Variable
Control Bell Off
(n = 80)

Experimental
Bell On (n = 80)

Pack-years, mean (95% CI)

Overall 12.3 (6.8-17.9) 7.3 (4.1-10.4)

Nonelective 6.0 (1.9-10.1) 6.7 (3.0-10.5)

Elective 20.5 (9.3-31.8) 8.2 (2.3-14.0)

COPD, No. (%) 11 (13.8) 12 (15.0)

Nonelective 7 (8.8) 8 (10.0)

Elective 4 (5.0) 4 (5.0)

Diabetes, No. (%) 41 (51.3) 35 (43.8)

Nonelective 27 (33.8) 22 (27.5)

Elective 14 (17.5) 13 (16.3)

GERD, No. % 20 (25.0) 20 (25.0)

Nonelective 9 (11.3) 8 (10.0)

Elective 11 (13.8) 12 (15.0)

SpO2, mean (95% CI)

Overall 97.2%
(96.8-97.6)

97.3% (96.8-97.7)

Nonelective 97.0 (96.4-97.6) 97.1 (96.6-97.7)

Elective 97.4%
(96.9-98.0)

97.5 (96.8-98.2)

Perioperative factors

Duration of anesthesia, mean
(95% CI), min

Overall 294 (282-312) 300 (282-318)

Nonelective 294 (276-312) 294 (276-312)

Elective 300 (276-318) 300 (264-342)

Duration of cardiopulmonary
bypass, mean (95% CI), min

Overall 114 (102-126) 114 (102-120)

Nonelective 114 (96-126) 114 (102-120)

Elective 114 (96-132) 108 (90-132)

Duration of aortic cross
clamp, mean (95% CI), min

Overall 92 (83-101) 90 (81-99)

Nonelective 88 (77-99) 88 (78-98)

Elective 97 (84-111) 93 (75-112)

Vessels bypassed, No.
(95% CI)

Overall 3 (3-3) 3 (3-3)

Nonelective 3 (3-3) 3 (3-3)

Elective 3 (2-3) 3 (2-3)

Graft type

Left internal mammary artery,
No. (%)

70 (87.5) 78 (97.5)

Nonelective 41 (91.1) 51 (100)

Elective 29 (82.9) 27 (93.1)

Right internal mammary
artery, No. (%)

6 (7.5) 12 (15.0

Nonelective 4 (8.9) 9 (17.6)

Elective 2 (5.7) 3 (10.3)

Bilateral internal mammary
artery, No. (%)

5 (6.3) 12 (15.0)

Nonelective 3 (6.7) 9 (17.6)

Elective 2 (5.7) 3 (10.3)

Saphenous vein, No. (%) 73 (91.3) 75 (93.8)

Nonelective 42 (93.3) 50 (98.0)

Elective 31 (88.6) 25 (86.2)

(continued)

Table 1. Study Participant Characteristics (Intent to Treat) (continued)

Variable
Control Bell Off
(n = 80)

Experimental
Bell On (n = 80)

Radial artery, No. (%) 9 (11.3) 6 (7.5)

Nonelective 7 (15.6) 4 (7.8)

Elective 2 (5.7) 2 (6.9)

CABG performed with
additional surgical procedure,
No. (%)

21 (26.3) 23 (28.8)

Nonelective 7 (8.8) 11 (13.8)

Elective 14 (17.5) 12 (15.0)

Additional surgical procedures
Aortic valve replacement,
No. (%)

10 (12.5) 15 (18.8)

Nonelective 4 (8.9) 6 (11.8)

Elective 6 (17.1) 9 (31.0)

Mitral valve replacement,
No. (%)

3 (3.8) 2 (2.5)

Nonelective 0 (0.0) 2 (3.9)

Elective 3 (8.6) 0 (0.0)

Mitral valve repair, No. (%) 4 (5.0) 1 (1.3)

Nonelective 1 (2.2) 0 (0.0)

Elective 3 (8.6) 1 (3.4)

Maze, No. (%) 5 (6.3) 2 (2.5)

Nonelective 1 (2.2) 1 (2.0)]

Elective 4 (11.4) 1 (3.4)

Left atrial appendage
closure, No. (%)

5 (6.3) 2 (2.5)

Nonelective 2 (4.4) 1 (2.0)

Elective 3 (8.6) 1 (3.4)

Coronary endarterectomy,
No. (%)

0 (0) 4 (5.0)

Nonelective 0 (0) 2 (3.9)

Elective 0 (0) 2 (7.0)

Insertion of intra-aortic
balloon pump, No. (%)

2 (2.5) 1 (1.3)

Nonelective 2 (4.4) 1 (2.0)

Elective 0 (0) 0 (0)

Carotid endarterectomy,
No. (%)

1 (1.3) 1 (1.3)

Nonelective 1 (2.2) 1 (2.0)

Elective 0 (0) 0 (0)

Septal myectomy, No. (%) 1 (1.3) 0 (0)

Nonelective 0 (0) 0 (0)

Elective 1 (2.9) 0 (0.0)

Ligation of coronary
artery to pulmonary artery
fistula, No. (%)

1 (1.3) 0 (0)

Nonelective 0 (0) 0 (0)

Elective 1 (2.9) 0 (0)

Lung lobectomy, No. (%) 1 (1.3) 0 (0)

Overall 1 (1.3) 0 (0)

Nonelective 0 (0) 0 (0)

Elective 1 (2.9) 0 (0)

Redo sternotomy, No. (%) 2 (2.5) 1 (1.3)

Nonelective 2 (4.4) 1 (2.0)

Elective 0 (0) 0 (0)

(continued)
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Early Postoperative Fevers
Although the prevalence of early postoperative fevers was low
(3%-5%), of those with fevers, the reminder bell significantly
shortened the duration (5 vs 3 hours; P = .04) of the febrile
episodes. The reminder also significantly lowered the peak fe-
brile temperatures (38.3°C vs 38.2°C; P = .01) (Table 2).

IS Inspiratory Volumes and Pulmonary Function Tests
No differences were observed regarding mean IS inspiratory
volumes (overall bell off vs bell on, 977 mL vs 1023 mL; P = .55)

(eTable 5 in Supplement 2) or the rate of IS volume change
(δ = 8.57; 95% CI, −35.4 to 52.53; per-protocol P = .70; δ = 6.60;
95% CI, −36.0 to 49.2; intent-to-treat P = .76). Between the bell
off and bell on groups, no differences were observed be-
tween the rates of change to preoperative baseline for FEV1,
FVC, FEV1/FVC, and PEF (eTable 6 in Supplement 2).

Oxygen Supplementation and Noninvasive Ventilation
Having the reminder bell turned on reduced noninvasive posi-
tive pressure ventilation use rates (37% vs 19%; P = .03) for
participants undergoing nonelective surgery (Table 2). Hav-
ing the bell turned on reduced the use duration of high-flow
nasal cannula (23 vs 11 hours; P = .049) for participants un-
dergoing nonelective surgery (eTable 7 in Supplement 2). There
were no differences observed between the bell off vs bell on
groups regarding noninvasive positive pressure ventilation use
duration (9 vs 6 hours; P = .24) (eTable 8 in Supplement 2), re-
intubation rates (12% vs 9%; P = .28), and intubation dura-
tion (8 vs 6 hours; P = .40) or tracheostomy rates (0% vs 0%;
P = .99) (eTable 9 in Supplement 2).

Postoperative Pulmonary Complications
There were no differences observed between the bell off vs bell
on groups regarding pneumonia (5% vs 1%; P = .18), pneumo-
thorax (20% vs 23%; P = .45), pleural effusion (8% vs 10%;
P = .47), bronchospasm (5% vs 13%; P = .11), pulmonary em-
boli (1% vs 0%; P = .51), or pulmonary edema severity (first
CXR, 0.7 vs 0.7; P = .97; final CXR, 0.3 vs 0.3; P = .99) (eTable 10
in Supplement 2).

Discharge Location
Participants were either discharged home or to a nursing fa-
cility (skilled nursing or rehabilitation center). There were no
differences observed between the bell off and bell on groups
regarding the discharge location (home, 61% vs 59%; P = .49;
nursing facility, 35% vs 39%; P = .36) (eTable 11 in Supple-
ment 2).

Length of Stay
Having the bell on reduced the total postoperative (7 vs 6
days; P = .048) for participants underdoing nonelective
surgery. Having the bell on also reduced the ICU length of stay
(4 vs 3 days; P = .02) for participants undergoing nonelective
surgery (Table 2).

Mortality
There were no differences observed between the bell off vs bell
on regarding in-hospital mortality rates (4% vs 1%; P = .62)
(eTable 12 in Supplement 2). At 6 months, the bell on group
had fewer deaths (0% vs 9%; P = .048) for participants under-
going nonelective surgery (Table 2).

Nursing Workload
There was no evidence of an effect of the bell on the daily nurs-
ing workload (overall bell off vs bell on, 3 vs 3 episodes; P = .77;
6 vs 7 minutes; P = .32). This suggests that the increased use
adherence occurred independently of increased clinician ef-
forts (eTable 13 in Supplement 2).

Table 1. Study Participant Characteristics (Intent to Treat) (continued)

Variable
Control Bell Off
(n = 80)

Experimental
Bell On (n = 80)

Chest tube size, No. (%), F

Mediastinal

32 77 (96.3) 71 (88.8)

Nonelective 42 (93.3) 46 (90.2)

Elective 35 (100.0) 25 (86.2)

28 40 (50.0) 37 (46.3)

Nonelective 27 (60.0) 20 (39.2)

Elective 13 (37.1) 17 (58.6)

24 1 (1.3) 2 (2.5)

Nonelective 1 (2.2) 1 (2.0)

Elective 0 (0) 1 (3.4)

19 1 (1.3) 3 (3.8)

Nonelective 0 (0.0) 2 (3.9)

Elective 1 (2.9) 1 (3.4)

Pleural

28 35 (43.8) 35 (43.8)

Nonelective 18 (40.0) 25 (49.0)

Elective 17 (48.6) 10 (34.5)

24 39 (48.8) 42 (52.5)

Nonelective 26 (57.8) 26 (51.0)

Elective 13 (37.1) 16 (55.2)

19 1 (1.3) 1 (1.3)

Nonelective 0 (0.0) 1 (2.0)

Elective 1 (2.9) 0 (0.0)

Postoperative factors

Duration of mechanical
ventilation, mean (95% CI), h

Overall 23.5 (8.1-39.0) 18.5 (14.6-22.40

Nonelective 31.0 (3.5-58.4) 16.7 (13.7-19.7)

Elective 14.0 (9.9-18.1) 21.6 (11.9-31.3)

Presence of NGT or OGT,
No. (%)

39 (48.8) 38 (47.5)

Nonelective 25 (31.3) 27 (33.8)

Elective 14 (17.5)] 11 (13.8)

Duration with ≥1 chest tube,
mean (95% CI), d

4.3 (3.7-4.9) 3.9 (3.4-4.3)

Nonelective 4.8 (3.9-5.7) 3.8 (3.2-4.4)

Elective 3.7 (2.9-4.5) 3.9 (3.1-4.7)

Abbreviations: ASA, American Society of Anesthesiologists, class range, 1 to 6;
BMI, body mass index (calculated as weight in kilograms divided by height in
meters squared); CABG, coronary artery bypass grafting; COPD, chronic
obstructive pulmonary disease; FEV1, forced expiratory volume in the first second;
FVC, forced vital capacity; GERD, gastroesophageal reflux disease;
NGT, nasogastric tube; OGT, orogastric tube; OSA, obstructive sleep apnea; SpO2,
peripheral capillary oxygen saturation, last reading before intubation for surgery.
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Discussion

A single-center randomized superiority clinical trial was com-
pleted to evaluate the effect of an audible, use-tracking IS re-

minder after CABG. As was hypothesized, the SpiroTimer re-
minder improved IS adherence and, in turn, atelectasis and
multiple subsequent clinical outcomes. The reminder re-
duced the duration and peak temperatures of early post-
operative fevers. For participants undergoing nonelective

Table 2. Outcomes

Characteristic

Per Protocol Intent to Treat
Control Bell Off,
Mean (95% CI)

Experimental Bell On,
Mean (95% CI) P Value

Control Bell Off,
Mean (95% CI)

Experimental Bell On,
Mean (95% CI)

P
Value

Use adherence

Daily inspiratory breaths, No.

Overall 17 (13-23) 35 (29-43) <.001 17 (12-22) 34 (28-41) <.001

Nonelective 16 (11-23) 33 (26-42) <.001 16 (11-22) 32 (25-41) <.001

Elective 19 (12-29) 40 (29-56) <.001 18 (12-28) 37 (27-51) <.001

Hours with ≥1 inspiratory
breath, %

Overall 28 (23-32) 58 (51-65) <.001 28 (23-32) 58 (51-65) <.001

Nonelective 27 (21-33) 59 (52-65) <.001 26 (21-33) 59 (52-66) <.001

Elective 29 (23-36) 57 (42-70) <.001 29 (23-36) 57 (44-69) <.001

Postoperative radiographic
atelectasis severity scores

First CXR 2.4 (2.2-2.7) 2.3 (2.0-2.6) .48 2.4 (2.2-2.7) 2.4 (2.2-2.7) .87

Final CXR 1.8 (1.6-2.1) 1.5 (1.3-1.8) .04 1.9 (1.6-2.1) 1.5 (1.3-1.8) .04

Early postoperative fevers

Febrile episodes, rate (%)

Overall 5 (2-11) 3 (1-6) .13 4 (2-10) 3 (1-6) .24

Nonelective 6 (2-14) 3 (1-8) .11 5 (2-13) 3 (1-8) .26

Elective 4 (1-11) 2 (0-6) .11 3 (1-9) 2 (1-7) .26

Febrile duration, h

Overall 5 (4-7) 3 (2-5) .04 5 (4-7) 3 (3-5) .047

Nonelective 5 (4-7) 4 (2-6) .01 5 (4-7) 4 (2-6) .02

Elective 6 (4-10) 3 (2-4) .01 6 (4-10) 3 (2-4) .02

Febrile peak temperatures, °C

Overall 38.3 (38.2-38.4) 38.2 (38.1-38.2) .01 38.3 (38.2-38.4) 38.2 (38.1-38.2) .01

Nonelective 38.3 (38.2-38.4) 38.2 (38.1-38.2) .048 38.3 (38.2-38.4) 38.2 (38.1-38.2) .05

Elective 38.4 (38.2-38.6) 38.1 (38.1-38.2) .10 38.4 (38.2-38.6) 38.2 (38.1-38.3) .11

Noninvasive positive pressure
ventilation

Use rate, No. (%)

Overall 34 (24-45) 24 (15-35) .10 33 (23-44) 25 (17-36) .15

Nonelective 37 (24-53) 19 (10-33) .03 38 (25-53) 22 (12-35) .04

Elective 29 (16-47) 33 (18-54) .37 26 (14-43) 31 (17-50) .32

Length of stay

Total postoperative length of
stay, d

Overall 7 (6-8) 7 (6-7) .31 7 (6-7) 7 (6-7) .49

Nonelective 7 (6-9) 6 (6-7) .048 7 (6-9) 6 (6-7) .05

Elective 6 (6-7) 7 (6-7) .48 6 (6-7) 7 (6-7) .16

Intensive care unit length of
stay, d

Overall 4 (3-5) 3 (3-4) .06 4 (3-5) 3.5 (3-4) .08

Nonelective 4 (3-6) 3 (3-4) .02 4 (3-6) 3 (3-4) .02

Elective 4 (3-5) 4 (2-5) .65 4 (3-5) 4 (2-5) .49

6-mo Mortality

Deaths, No. (%)

Overall 9.5 (3.9-18.5) 2.8 (0.3-9.8) .17 10.0 (4.4-18.8) 2.5 (0.3-8.7) .10

Nonelective 9.3 (2.6-22.1) 0.0 (0.0-0.0) .048 8.9 (2.5-21.2) 0.0 (0.0-0.0) .04

Elective 9.7 (2.0-25.8) 8.3 (1.0-27.0) .99 11.4 (3.2-26.7) 6.9 (0.8-22.8) .68

Abbreviation: CXR, chest radiographs.
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surgery, the reminder reduced noninvasive positive pressure
ventilation use rates and the duration of high-flow nasal can-
nula use. Most notably, the reminder reduced postoperative
and ICU lengths of stay by 1 day and 6-month mortality rates
for participants undergoing nonelective surgery.

The bell off group demonstrated low IS use adherence. As
this is, to our knowledge, the first study to reliably track IS
use,8 the results from the bell off condition are the best esti-
mates available to represent current IS use adherence,
although a Hawthorne effect (improved adherence due to
study participation) cannot be excluded. The most commonly
cited reason for poor adherence is patient forgetfulness.9

Patients may not even know how to use their IS properly. A
meta-analysis of patient reminder interventions has shown
that adherence significantly increases in the reminded
group.10 For this study, the silencing of the reminder alarm
when adequate IS inspiration was achieved functions under
an operant conditioning paradigm of negative reinforcement
in which a desirable behavior (ie, sustained maximal inspira-
tion) is strengthened by removing an aversive stimulus (ie,
the bell sound).27

Despite the already low atelectasis severity scores at first
CXR, the reminder bell still reduced atelectasis relative to those
without the bell. Atelectasis is one of the most common post-
operative pulmonary complications,28 affecting up to 90% of
patients after surgery.29 Atelectasis could be considered a sen-
tinel diagnosis that decreases lung compliance30 and reduces
functional residual capacity,31 necessitating greater work to
open the lungs with each inspiration. Atelectatic hypoxia leads
to increased pulmonary vascular resistance, which may re-
sult in right ventricular dysfunction if not appropriately
treated.32 Atelectatic loss of lung volume with maintained total
tidal volumes can lead to acute lung injury33 and an activa-
tion of inflammatory mediators because of atelectrauma from
repeated inflation and deflation of alveoli during the respira-
tory cycle.34 Atelectasis has been linked to early postopera-
tive mortality.4 Interestingly, in a clinical trial of IS in partici-
pants who underwent laparotomy, Tyson et al35 reported a
similar trend toward decreased mortality in the intervention
arm as observed in this investigation.

Atelectasis is frequently associated with early postopera-
tive fevers.3 However, the data supporting this association as
causal are equivocal.26 In this study, neither the first postop-
erative atelectasis severity scores nor the incidence of early
postoperative fevers were different between groups. In addi-
tion to reducing atelectasis severity, the reminder bell on re-
duced fever duration and peak temperatures. To more clearly
assess the relationship between atelectasis and fever, the
onset timing of the fevers with its relationship to atelectasis
severity needs to be investigated along with interventions to
reduce atelectasis.

Length of stay in the ICU is an important measure of re-
source use. The ICU represents approximately one-third of in-
patient health care costs despite accounting for only 10% of
hospital beds.36 Daily ICU costs of care are increasing,37

amounting to an estimated $9000 per day in 2017.38 Thus, the
SpiroTimer’s reduction in the ICU length of stay for partici-
pants undergoing nonelective surgery and 6-month mortal-

ity rates highlights the overall strength of the intervention
despite its simplicity (ie, the addition of a bell). Without such a
reminder in place, the more than $1 billion annual costs of IS may
be without benefit. For individual patients, a reduced length of
stay reduces the risk of various hospital-associated conditions,
which may in turn affect postdischarge mortality. For hospi-
tals, an intervention that could more broadly reduce the length
of stay for many patients would offer important opportunities
for quality improvement and cost savings. The absence of length
of stay reduction for participants undergoing elective surgery
may highlight the presence of fundamental differences be-
tween participants undergoing elective vs nonelective surgery.
Participantsundergoingnonelectivesurgerystartatamoremedi-
cally compromised baseline and may have greater room for
improvement from IS use. This is supported by the observed re-
ductions on the duration of high-flow nasal cannula, 6-month
mortality rates, and use of noninvasive positive pressure venti-
lation specifically in participants undergoing nonelective sur-
gery. Further studies of the SpiroTimer powered for length of stay
are warranted, with a particular focus on patients with greater
illness severity.

Limitations
This investigation has several potential limitations. This study
did not directly evaluate effectiveness of IS on outcomes. To
do so, a future study would need to experimentally compare
a treatment group (high-adherence reminder IS) with a nega-
tive control condition (no IS). Such a study may not be fea-
sible given the widespread use and promotion of IS as stan-
dard of care and may be not be permissible in light of the data
from this study due to the improved outcomes in the bell on
group. Masking the reminder bell sound (the intervention) is
not possible for participants, clinicians, and researchers with
intact hearing. The objective of the study was to evaluate the
effect of the unmaskable reminder on clinical outcomes in a
real clinical setting. Atelectasis severity, as the primary clini-
cal outcome measure, was scored by 2 masked radiologists. The
primary nonclinical outcome measure, IS use, was measured
by the SpiroTimer machine. Clinician-directed end points (eg,
continuous positive airway pressure/bilevel positive airway
pressure use and length of stay) were determined by standard-
ized objective criteria and clinical protocols that were the same
between groups. The research team was independent from
the clinicians and not involved in patient treatment deci-
sions. If unmasked clinicians responded to the reminder bell
(consciously or unconsciously) to help patients use their IS
more, use continuous positive airway pressure/bilevel posi-
tive airway pressure less, or be more aggressive in discharge
timing, then the reminder bell still caused the observed clini-
cal improvements. Additionally, although the target thresh-
old inspiratory volume may underestimate the number of
breath events (eg, participants may have taken subthreshold
breaths), the method was used in both groups and represents
how clinicians instruct patients.20 Several secondary out-
comes were not observed to be different between the condi-
tions. The lack of observed effects on certain secondary
outcomes was not unexpected, given that the study was
only powered to detect a difference in atelectasis between
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groups. It would be interesting to assess the effect of various
perioperative factors (eg, surgical techniques, graft type,
anesthesia, postoperative pain scores, transverse sternal frac-
ture, rib fracture, type of sternal closure, circulatory arrest
times, and skeletonized vs pedicle fashion graft) on immedi-
ate postoperative atelectasis, IS use, and SpiroTimer effec-
tiveness. For example, future IS studies of patients undergo-
ing CABG could randomize on variables such as bilateral
internal mammary artery use and/or skeletonization of inter-
nal mammary artery. Studies aimed at different patient popu-
lations that are powered to detect additional outcomes are
needed to help further clarify and define IS applications and
indications. Furthermore, IS protocol optimization studies are
warranted to test what parameters have the greatest effect on
outcomes.

Conclusions

The results from this investigation help inform the debate re-
garding the clinical effectiveness of IS in which some believe that
IS is not beneficial while others believe that it is. The findings
suggest that both arguments may be correct. Participants with
the bell were more adherent with IS use and experienced an im-
proved length of stay and 6-month mortality rates. These results
indicate the benefit of IS when a reminder is present compared
with the current, no-bell standard of care. Incentive spirometers
can be clinically effective, but perhaps only when adherence is
high. To our knowledge, the benefit of IS without a reminder is
still unknown. Further studies are needed to evaluate if IS with-
out a reminder is cost-effective or of any clinical use.
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Invited Commentary

Benefits of Incentive Spirometry
Still More Work to Do
Garrett N. Coyan, MD, MS; Chigozirim N. Ekeke, MD; Danny Chu, MD

We read with interest the randomized clinical trial on incen-
tive spirometry (IS) in patients undergoing coronary artery by-
pass grafting (CABG) by Eltorai and colleagues.1 The authors
demonstrated that adding an hourly audible reminder for IS

increases compliance. This is
an interesting use of a device
developed by the authors and

does seem to improve compliance with a therapy that many
believe decreases respiratory complications and promotes re-
habilitation and discharge following any operation. How-
ever, the remainder of the study does require caution when
interpreting the claimed improvement in outcomes.

For the clinical end point in the study (on which the ini-
tial power calculations were based), the authors use the modi-
fied Wilcox score for lung atelectasis.2 Unfortunately, this is
not routinely used in clinical evaluation and treatment of pa-
tients undergoing CABG. Furthermore, although there was a
reported significant difference between the initial postopera-
tive radiography results and the predischarge radiography re-
sults, the absolute difference may not necessarily reflect clini-
cal significance. Using a somewhat obscure risk score as the
basis for power calculation directly affects the next issues with

this study: the differences in the control and intervention
groups. After a review of the raw data presented in the tables
and supplementary material, it is evident that the bell on and
bell off groups may have clinically significant differences in
their risk profiles that did not meet statistical significance be-
cause of the relatively small sample size. The authors chose
not to report the well-validated Society of Thoracic Surgeons
risk scores associated with isolated or concomitant CABG.3

This would have provided insights into the true equipoise of
the 2 groups. A variable that deserves attention was the sig-
nificantly increased history of smoking in the control arm,
which as a single factor may predict a more difficult postop-
erative respiratory recovery.

The reported differences in length of stay (LOS) and
intensive care unit LOS can be particularly affected by these
unrealized population differences. For example, the dura-
tion of mechanical ventilation and chest tube days were in-
creased in the control groups.1 These 2 factors will increase in-
tensive care unit and overall LOS by several hours, which can
easily role into the 1-day difference in each cited by Eltorai et al.1

There was also no difference in pulmonary complications or
function between the 2 groups. This leads to the possibility that
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