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Abstract

Introduction: To address the problem of incentive spirometry (IS) noncompliance, a use-tracking IS reminder device (SpiroTimer™)
was developed. In a recent randomized clinical trial, the SpiroTimer™ improved IS use compliance, length of stay, and mortality.
For successful, safe, and effective implementation of a new medical device, human factors and usability must be evaluated. This
study aims to evaluate the SpiroTimer™ s human factors as they pertain to intended users, use environments, and uses.
Material and methods: Immediately following the completion of the randomized clinical trial of the SpiroTimer™, before the
providers were informed of the results of the study, a human factors and usability survey was distributed in-person to all nurses
involved in the trial. Variations in nurse user perspectives were evaluated.

Results: A total of 52 nurses (100% response rate) completed the survey. In general, most nurses felt IS use compliance is poor
(65%; 34/52, p = 0.0265) and should be improved (94%; 49/52, p < 0.001). Nurses agreed the SpiroTimer™ ameliorated patient
IS use compliance (82%; 41/50, p < 0.001), IS effectiveness (74 %; 37/50, p < 0.001), and patient engagement in their own care
(88%; 44/ 50, p < 0.001). Nurses reported the SpiroTimer™ helped remind them to work with their patients on IS (70%; 35/50, p
= 0.0047) while reducing the number of times they had to remind their patients to use their IS (70%; 35/50, p = 0.0047). They
felt that they would use the SpiroTimer™ with all their patients (82%; 41/50, p < 0.001) and that they would recommend the
SpiroTimer™ to a colleague (74%; 37/50, p < 0.001). Ultimately, most nurses believed the SpiroTimer™ should become part of
routine patient care (78%; 39/50, p < 0.001).

Discussion: For a new medical technology to a medical device to be effectively implemented, human factors and usability must
be demonstrated. Nurses believe the clinically effective SpiroTimer™ helps both patients and nurses and should become part of
routine care.
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Introduction

Incentive spirometry (IS) is commonly pre-
scribed to reduce respiratory complications [1-3].
IS (Figure 1) works by expanding alveoli through
maximal inspiration to prevent atelectasis. Poor
patient compliance is known to hinder the effec-
tiveness of IS [3-5].

To address the problem of IS noncompliance,
a use-tracking IS reminder device (SpiroTimer™)
was developed and clinically tested in a recent large
randomized clinical trial [6]. The SpiroTimer™
utilizes a bell to remind the patient to use the

IS, a sensor to detect a use, and a timestamp
recorder to track IS use. In the recent random-
ized controlled trial published in JAMA Surgery
[6], patients undergoing coronary artery bypass
grafting surgery were randomized to receive the
SpiroTimer™ with the reminder bell turned off
or on. Those with the bell turned on were found
to have improved IS compliance, reduced mean
atelectasis severity scores, lowered patient length
of stay at the hospital, and reduced six-month
mortality [6]. In other words, the SpiroTimer™
demonstrated significant cost- and life-saving
benefits.
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For successful, safe, and effective imple-
mentation of a new medical device, such as the
SpiroTimer™, human factors and usability must
be evaluated. As described by the FDA, human
factors “focuse on the interactions between
people and devices” [7], including how people
perceive, interpret, and manipulate the device.
Nurses play a major role in IS implementation
[5]. This study aims to evaluate the SpiroTimer™’s
human factors as they pertain to intended users,
use environments, and uses.

Mouthpiece

Indicator e
ol Marker /

Flexible
tubing

Figure 1. Incentive spirometer

Material and methods

The data collection for the SpiroTimer™ ran-
domized clinical trial was completed in December
2017. Immediately following the trial, in January
2018, a survey regarding SpiroTimer™ human
factors and usability was distributed in-person
to the nurses involved in the trial. The nurses
and the investigator handing out the surveys
were blinded to the results of the study. Survey
questions utilized a six-point Likert scale format.
Statistical analysis was done using Chi-squared
tests for comparative statistics with Bonferroni
correction for a significant p value < 0.008.

Results

There were 52 unique respondents (100%
response rate). Most nurses felt that IS compli-
ance is poor (65%; 34/52, p = 0.0265) and that
IS compliance should be improved (94%; 49/52,
p < 0.001) (Table 1).

Most nurses felt the SpiroTimer™ improved
IS use compliance (82%; 41/50, P < 0.001). The
nurses also felt that the SpiroTimer™ improved
IS effectiveness (74%; 37/50, p < 0.001), as
well as patient engagement in their own care
(88%; 44/ 50, p < 0.001). Most healthcare pro-
fessionals felt that the SpiroTimer™ improved
pulmonary/respiratory function (74%; 37/50, p
< 0.001) and helped to reduce post-operative
pulmonary complications (68%; 34/50, p =
0.0109) (Table 2).

Table 1. Nurse's perspectives on IS compliance

Agreement Answer options (score) Aggregated % (n)/52 P
In general, patient IS Agree Strongly agree (2) 3.85% 65.38% (34) 0.0265
use compliancs Agree (10) 19.23%
is poor
Somewhat agree (22) 42.31%
Disagree Somewhat disagree (9) 17.31% 34.62% (18)
Disagree (9) 17.31%
Strongly disagree (0) 0%
Agreement Answer options (score) Aggregated % (n)/52 p
In general, patient IS Agree Strongly agree (6) 11.54% 94.23% (49) < 0.001
use compliance should Agree (27) 51.92%
be improved
Somewhat agree (16) 30.77%
Disagree Somewhat disagree (2) 3.85% 5.77% (3)
Disagree (1) 1.92%
Strongly disagree (0) 0%

IS — incentive spirometry
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Table 2. Impact of SpiroTimer™

Agreement Answer options (score) Aggregated % (n)/50 p
Overall, the reminder improved Agree Strongly agree (3) 6% 82% (41) < 0.001
patient IS use compliance Agree (17) 349
Somewhat agree (21) 42%
Disagree Somewhat disagree (8) 16% 18% (9)
Disagree (1) 2%
Strongly disagree (0) 0%
Overall, the reminder improved Agree Strongly agree (2) 4% 74% (37) < 0.001
IS effectiveness Agree (13) 26%
Somewhat agree (22) 44%
Disagree Somewhat disagree (12) 24% 26% (13)
Disagree (1) 2%
Strongly disagree (0) 0%
The reminder improved patient Agree Strongly agree (2) 4% 88% (44) < 0.001
engagement in their own care Agree (16) 399,
Somewhat agree (26) 52%
Disagree Somewhat disagree (4) 8% 12% (6)
Disagree (2) 4%
Strongly disagree (0) 0%
The reminder helped improve Agree Strongly agree (1) 2% 74% (37) < 0.001
pulmonary/respiratory function Agree (16) 399,
Somewhat agree (20) 40%
Disagree Somewhat disagree (11) 22% 26% (13)
Disagree (2) 4%
Strongly disagree (0) 0%
The reminder helped reduce Agree Strongly agree (0) 0% 68% (34) 0.011
P T pae 1
pneumonia). Somewhat agree (23) 46%
Disagree Somewhat disagree (10) 20% 32% (16)
Disagree (6) 12%
Strongly disagree (0) 0%
The reminder helped patients Agree Strongly agree (0) 0% 56% (28) 0.3961
to correctly use their IS. Agree (9) 18%
Somewhat agree (19) 38%
Disagree Somewhat disagree (13) 26% 44% (22)
Disagree (8) 16%
Strongly disagree (1) 2%
Most nurses agreed that the SpiroTimer™ Most nurses found the SpiroTimer™ to be helpful
reduced the amount of times they had to remind (72%; 36/50, p = 0.0018) (Table 3).
patients to use their IS (70%; 35/50, p = 0.0047), Nurses reported the SpiroTimer™ directly
and that the SpiroTimer™ helped the nurses work addresses patients who forget to use there IS
with their patients on IS (70%; 35/50, p = 0.0047). (96.08%; 49/51, p < 0.001), who do not use it fre-
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Table 3. Impact of SpiroTimer™ implementation

Agreement Answer options (score) Aggregated % (n)/50 P
Overall, the rem_inder reduced Agree Strongly agree (3) 6% 70% (35) 0.0046
:ZSn?nudmpt;iEe(:t: rtr:)ej sleh’f]hdeitr0 IS Agree (18) 36%
Somewhat agree (14) 28%
Disagree Somewhat disagree (7) 14% 30% (15)
Disagree (7) 14%
Strongly disagree (1) 2%
The reminder helped remind me Agree Strongly agree (6) 12% 70% (35) 0.0046
to work with the patient on IS Agree (8) 16%
Somewhat agree (21) 42%
Disagree Somewhat disagree (7) 14% 30% (15)
Disagree (8) 16%
Strongly disagree (0) 0%
Overall, | found the reminder Agree Strongly agree (1) 2% 72% (36) 0.0018
to be helpful Agree (13) 26%
Somewhat agree (22) 44%
Disagree Somewhat disagree (7) 14% 28% (14)
Disagree (6) 12%
Strongly disagree (1) 2%
Overall, the rem_inder reduced Agree Strongly agree (0) 0% 52% (34) 0.7772
IthsTJZ:’:ZL(liTJtcgf[itr;rgnir reminding Agree (8) 16%
patients to use their IS Somewhat agree (18) 36%
Disagree Somewhat disagree (18) 36% 48% (16)
Disagree (6) 12%
Strongly disagree (0) 0%

IS — incentive spirometry

quently enough (84.31%; 43/ 51, p < 0.001), and
who do not know when to use their IS (80.39%;
41/51, p < 0.001) (Table 4).

Nurses announced that the SpiroTimer™
should become part of routine patient care (78%;
39/50, p < 0.001). They felt that they would use
the SpiroTimer™ with all their patients (82%;
41/50, p < 0.001) and that they would recommend
the SpiroTimer™ to a colleague (74%; 37/50, p <
0.001) (Table 5).

Discussion

Through a survey of nurse users, this inves-
tigation evaluated human factors and usabili-
ty of SpiroTimer™, a novel, clinically proven,
use-tracking IS reminder. Overall, the nurses re-
ported the SpiroTimer™ improved IS compliance
and effectiveness; patient engagement in their own
care; and nurses’ attention to incentive spirometry

while reducing the nurses’ reminding efforts. Ul-
timately, the nurses would use the SpiroTimer™
with all their patients, recommend it to colleagues,
and believe it should become a standard of care.

Human factors and usability engineering are
paramount for successful implementation and
adoption of a new medical device. Formative
evaluations are critical in order to reduce factors
that hinder device adoption [8,9]. Factors such as
workload, alarm fatigue, and difficulty need to be
addressed in the engineering of medical devices to
avoid contribution to postoperative complications
[10]. Alarming fatigue and workload increase due
to too many clinically irrelevant alerts, and this
can be thwarted by proper signal quality con-
siderations and education of the healthcare pro-
viders [11]. These are just two examples of how
usability engineering can impact device adoption.
The SpiroTimer™ trial run has laid a threshold
for formative evaluations of the device, and its
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Table 4. SpiroTimer™ usability and human factors

The reminder directly addresses (mark all that apply): % Yes (n)/51 % No (n)/51 P
Patients forgetting to use their ISs 96.08% (49) 3.92% (2) < 0.001
Patients not knowing when to use their ISs 80.39% (41) 19.61% (10) < 0.001
Patients not understanding how to use their ISs 15.69% (8) 84.31% (43) < 0.001
Patients not using their ISs frequently enough 84.31% (43) 15.69% (8) < 0.001
Patients not using their ISs effectively 21.57% (11) 78.43% (40) < 0.001
Patients not using their ISs long enough 27.45% (14) 72.55% (37) 0.0012
Providers not having enough time to work with patients on IS use 39.22% (20) 60.78% (31) 0.1234
IS — incentive spirometry
Table 5. Nurse user’s conclusions on SpiroTimer™
Agreement Answer options (score) Aggregated % (n)/50 P
The reminder should become Agree Strongly agree (0) 0% 78% (39) < 0.001
part of routine patient care Agree (18) 36%
Somewhat agree (21) 42%
Disagree Somewhat disagree (5) 10% 22% (11)
Disagree (4) 8%
Strongly disagree (2) 4%
| would use the reminder Agree Strongly agree (1) 2% 82% (41) < 0.001
with my patients Agree (19) 38°%
Somewhat agree (21) 42%
Disagree Somewhat disagree (7) 14% 18% (9)
Disagree (2) 4%
Strongly disagree (0) 0%
| would recommend Agree Strongly agree (1) 2% 74% (37) < 0.001
the reminder to a colleague Agree (16) 32%
Somewhat agree (20) 40%
Disagree Somewhat disagree (8) 16% 26% (13)
Disagree (2) 4%
Strongly disagree (3) 6%

alarm capability. Building the next generation
of SpiroTimer™ will incorporate all factors that
would otherwise bar the adoption of the device.

The nurses around the country in this in-
vestigation shared similar views on IS, IS non-
compliance as a problem, need for compliance
improvement, and reasons for poor compliance
[5]. This study’s sample may reflect the views of
a larger user population.

On the other hand, this study has its lim-
itations. As a survey study, this investigation is
subject to the weaknesses of surveys. However,
it was able to achieve a 100% response rate and

therefore, can reflect the whole population of
nurses who have clinically interacted with the
SpiroTimer™ to date. Although surveys represent
subjective data, the nature of human factors and
usability is based on human-perceived interface.
Future SpiroTimer™ human factor investigations
may evaluate different groups of users (e.g. re-
spiratory therapists, nursing aides, patients, and
patient families) in various clinical settings.

Based on human factors feedback from in-
tended users in an intended environment, the
SpiroTimer™ has the potential to be usable and
effective.
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