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INTRODUCTION
More than 70 million patients undergo surgery every year in the United States, of which
80% experience acute postoperative pain, with 20% experiencing severe pain.1,2 Inadequate
pain relief has both short- and long-term consequences that may delay surgical recovery,
increase length of stay, increase readmissions, and decrease patient satisfaction, as well as
increase overall health care costs.3 Patient-controlled analgesia (PCA) pumps have been
shown to be more effective in treating pain than intermittent intramuscular or intravenous
injections,3–6 providing higher patient satisfaction,7 increased perception of situational
control,8 lower preoperative anxiety, lower postoperative depressive symptoms,9 and
increased control over pain relief. Other advantages include not having to receive
injections,10,11 not having to wait for pain relief, and not having to summon nurses.10–12

Despite these attributes, PCA has also been associated with negative experiences, including
a lack of trust in the PCA pump,10–11fear of overdose or addiction,10–12 and adverse
outcomes.13–18

Although some PCA devices have included limited feedback features, there are no PCA
technologies in clinical use that provide robust feedback to the patient regarding the status of
the PCA pump (eg, ready to deliver medicine, pump is in lockout) or clear and definitive
feedback to the patient regarding whether they are receiving or being denied medication
when they push the PCA button. Given that certain attributes of current PCA technology
may contribute to suboptimal PCA use (eg, mistaking the call light for the PCA button,
confusion related to lockout period), which may negatively impact patient outcomes,
innovative strategies that seek to optimize the effectiveness of this important pain modality
should be explored. Furthermore, if attributes related to the PCA patient interface impair
patient outcomes, such characteristics should be identified and improved upon in order to
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optimize the impact of both current PCA as well as new and emerging PCA technologies
(eg, iontophoresis and liposomal drug delivery).19,20 Designing the PCA patient interface to
be more patient-centric may, therefore, remedy gaps identified with quality of acute pain
management.21

We hypothesized that due to poor design of the PCA patient interface, patients using PCA
may not know when they are receiving pain medication and that this ambiguity negatively
affects satisfaction with pain control and self-reported ability to control pain. To pursue this
hypothesis, we sought to (1) identify which attributes of the PCA patient interface contribute
to negative experiences for patients, and (2) evaluate patient satisfaction with pain control,
difficulties using PCA, lockout-period management, and evaluation of new PCA design
features.

METHODS
Institutional Review Board approval (University of Michigan, Ann Arbor, MI) was obtained
for this prospective survey study. Written informed consent was obtained from each
participant at the time of enrollment. Adult patients (age ≥ 18 years) who received a PCA
device post-operatively for a minimum of 24 hours at the University of Michigan were
included. Exclusion criteria included patients whose primary language was not English, and
patients who were deaf, blind, or quadriplegic. Enrolled patients with chronic pain were
excluded from the present analysis. Patients with chronic pain were defined as those with
daily use of opioid analgesics and non-opioid adjunctive medications (eg, gabapentinoids,
serotonin-norepinephrine reuptake inhibitors, tricyclic antidepressants) for greater than 30
days before their operation based on chart review.

Subjects were enrolled in the study within 24 hours after receiving intravenous pain
medication via a PCA device for at least 24 hours. In order to identify whether or not
actively using the PCA pump at the time of survey influenced how patients responded to the
survey questions, block computer randomization was performed so that each sequential
subject was then assigned to either complete the survey while using the PCA device or
within 24 hours of the PCA device being discontinued. At the time of the survey, basic
demographics (age, gender, and race) were collected, and the number of days using PCA
was recorded. The research assistant recruited patients every 2 to 3 days. Therefore, patients
that were randomized to complete the survey while currently using PCA had no more than 3
to 4 days of PCA use, whereas patients randomized to complete the survey after the PCA
was discontinued allowed for the total length of use to be recorded.

Patients completed a 17-question survey about the PCA device, their satisfaction, overall
experience, ability to control pain, difficulties using PCA and options for improving the
PCA device (for full survey details, see Supplemental Digital Content 1, http://
links.lww.com/AAP/A78). The survey was designed to assess perceived problems with the
PCA interface and specific factors that may impact patient satisfaction and ability to control
pain while using PCA. In order to assess for content validity, the survey was shown to
several anesthesiologists with expertise in pain management before being finalized. For the
purposes of phrasing questions in the correct tense, subjects who were using the PCA pump
at the time of the interview were provided the “Current PCA Survey” and patients who were
no longer using the PCA device were provided the “Post PCA Survey.” Other than
differences in tense, questions were the same in both surveys.

For patients randomized to complete the survey after their PCA had been discontinued, a
PCA pump was made available during the survey by the research assistant to demonstrate,
as needed, the various PCA pump features and characteristics questioned in the survey.
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There was no formal demonstration of the device in either group, and the patients currently
using the device were provided demonstrations in the same way, as needed. In order to
clarify and understand the subject’s perspective, each closed-ended question requesting a
“Yes” or “No” answer or a “0–10” Likert scale response was followed by an open-ended
question.

Open-ended responses were analyzed by 2 of the authors (LSP and SD) for themes by first
reading through each response and then creating response categories, labeling each comment
with 1 or more categories, clarifying the content of the response and then identifying
patterns and trends. The 2 authors identified similar categorical themes. Through a second
review of patient quotes, both authors were easily able to agree on both the categorical
theme and the organization of quotes without discrepancies.

Statistical Analysis
Data were analyzed using Statistical software IBM SPSS statistics version 19 (IBM Corp,
Somers, New York). Before analysis, age was assessed for normality using the Kolmogorov-
Smirnov statistic. The assumption of normality was deemed violated if the P value was <
0.05, and therefore nonparametric measures (eg, Mann-Whitney U test, Kruskal-Wallis test)
were used. Per normal reporting standards, nonparametric data are presented as median and
interquartile range (25th, 75th Interquartile Range) and parametric data are reported as mean
± standard deviation. Categorical data were analyzed using a 2-tailed Pearson chi-square
test. A P value of < 0.05 was considered statistically significant.

Power Analysis
Sample size determination was based on standard survey methodology to provide a
representative sample of the target population. The number of subjects needed to enroll in
the study was determined based on an estimated target population of 1250 patients per year
who met PCA inclusion criteria at our institution. Based on this assumption we determined
that 475 patients would need to participate in order to provide a representative sample with a
confidence level of 95% and a confidence interval (CI) of ± 4%. Furthermore, this sample
size more than satisfies the rule of thumb of 10 participants per item in a questionnaire.22

RESULTS
A total of 512 patients were approached to participate in the study and, of these, 33 (6.4%)
refused to participate, 129 (25.2%) had chronic pain and 350 (68.4%) met inclusion criteria
and completed the survey. Subjects’ ages ranged from 18 to 93 years old with a mean age of
53 years. There were no significant differences between participants (n = 350) and patients
who refused to participate (n = 33), by sex (participants 49.1% female and non-participants
63.6% female, P = 0.11, or race (participants non-Caucasian 13.4% and non-participants
non-Caucasian 18.8%, P = 0.405). There was a significant difference in age (participants
median age 55 [IQR 42, 64] and non-participants median age 47 years [40, 57], P = 0.035).

Forty-nine percent (n = 172) were female. The duration of PCA use for patients surveyed
after the PCA was discontinued ranged from 1 to 12 days, with a median of 2 days. Self-
reported satisfaction of pain control (Question 1) was not associated with age (P = 0.459) or
race (P = 0.628), but there was an association with gender with male patients reporting lower
satisfaction (male median 9 [7, 10] vs female 9 [8, 10]; P = 0.02). Self-reported ability to
control pain (Question 5) was significantly lower in male patients (male median 8 [7, 10] vs
female 9 [8, 10]; P = 0.001) and in Caucasian patients when compared to non-Caucasian
patients (9 [7, 10] vs 10 [8, 10], respectively; P = 0.03). There was no association between
age and the ability to control pain.
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Responses to the individual survey questions were analyzed between the survey groups,
(“Current PCA Use” [n = 182] and “Post PCA Use” [n = 168]) and no significant
differences were associated with the time of survey administration. Furthermore, no
significant differences were noted for age, , or race between the 2 time point administrations
(data not shown). As such, all responses were grouped for subsequent analyses.

Factors Affecting PCA Use
While the process of pushing a button in order to receive pain medicine is generally
understood by most patients (n = 344, 98%), 92 patients (26%) still reported that they found
the PCA difficult to use. From a list of possible reasons why the PCA was difficult to use
(Figure 1), 56 patients (16%) reported times when they could not find the button to request a
bolus, 48 (14%) reported they were uncertain if medicine was being delivered through the
pump, 37 (11%) reported that having to watch the clock made it difficult, and 13 (4%)
reported not understanding when they should push the button. With respect to the lockout
period, 171 patients (49%) reported they did not know if they would receive medicine when
they pushed the PCA button, of which 37 (22%) reported they believed that this uncertainty
made their pain worse.

Factors Affecting Satisfaction and Ability to Control Pain
Out of the 350 patients surveyed, patient preferences were identified that negatively
impacted patient satisfaction with pain control and ability to control pain (Questions 1 and 5,
respectively, Supplemental Digital Content 1, http://links.lww.com/AAP/A78) using PCA
(Tables 1 & 2). Significantly lower satisfaction scores (Question 1) were observed among
patients that were unable to adequately control their pain (Question 2) and reported
difficulty using PCA (Question 5; Data displayed in Table 1). There were no significant
differences for questions regarding adequacy of PCA education, opinion regarding utility of
a lighted button or cable, or the use of a button that would light up or vibrate to alert the
patient when the PCA pump was allowed to deliver more medicine. Similar findings were
noted when patients’ self-reported ability to control their pain (Question 5) was compared
with the same Yes/No responses analyzed with the satisfaction question. With a trend
toward significance (P = 0.06), however; patients who reported the inability to control their
pain (Question 5) also preferred the PCA button to vibrate to alert them that the PCA pump
was ready to deliver more medicine (Question 12; Data displayed in Table 2)

Patient Impressions of Proposed PCA Innovations
From a list of possible solutions presented to patients that would make it be easier to use
PCA and manage the lockout period (Figure 2), 199 patients (57%) reported that it would be
easier if the PCA button had a light that made it easier to find, 139 (40%) reported that it
would be easier if the cable were lit, 191 (55%) reported that it would easier if the PCA
button would vibrate when the pump was available to deliver more medicine, and 246 (70%)
reported that it would be easier if the PCA button lit up when the pump was available to
deliver more medicine.

Open-ended responses to questions were reviewed for overall themes and reported in Table
3. Open-ended questions addressed the patient’s perceptions of difficulties with PCA,
patient education with PCA, possible solutions to make PCA easier to use, management of
the lockout period, and how PCA could be improved.

DISCUSSION
To our knowledge, the present study represents one of the largest patient surveys of PCA
and provides a unique, in-depth perspective of patient characteristics and preferences with
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PCA, the PCA patient interface, and how these factors affect both patient ability to control
pain and patient satisfaction using PCA. Despite having a general understanding how to
push the PCA button, some still experienced difficulties using PCA, due, in part, to
deficiencies in the patient-interface design. Aligned with previous studies,23,24 patient
satisfaction and ability to control pain were not affected by preoperative teaching or
adequate information being provided to the patient on how to use PCA. The current patient
interface is, however, still lacking what appears to be a simple feedback mechanism that
would inform the patient about the lockout status of the pump. Of the possible patient
interface design changes proposed, the one feature that may improve patients’ ability to
control pain is having the button vibrate to notify the patient that the lockout period has
ended, alerting the patient that the pump will deliver medicine when the button is pushed
(Table 2). Indeed, despite a higher than expected satisfaction rate, the majority of patients
preferred the device modifications proposed in the survey (Figure 2).

Impact of human factors on the PCA patient interface and patient’s perceptions of pain
control and satisfaction using PCA

Prior research correlating both patient satisfaction with lower pain intensity and perceived
control with good pain relief,8,9 suggests that efforts to improve aspects of PCA that
increase patient satisfaction and control are worthwhile. Inadequate pain control for patients
enduring acute or chronic pain may be due, in part, to poor engineering of the PCA patient
interface and its communication with the patient. Although the PCA device allows patients
to push a button when medication is desired, there remains some confusion about how the
PCA works, which can be problematic. For example, because patients may not know when
the pump is locked out, they may request medication that is unavailable at the time, , thus,
do not know whether they are receiving pain medicine. In the open-ended response portion
of the survey, patients commented on this ambiguity with the following comments: “anxious
on whether or not to hit the button,” “left in the dark,” “making the pain worse,” and
“always in pain because I never knew if I was actually getting any medicine.” The
ambiguity around pain medication delivery and the denied attempts during the lockout
period may contribute to patients’ perceptions that the PCA is an unreliable pain treatment
modality.

More than 70% of patients preferred at least 1 of the 4 proposed changes to improve the
PCA patient interface, the most popular being a “button that lights up as a notification that
medicine is ready to be delivered,” and the most significant for improving patients’ ability to
control pain being a “button that vibrates as a notification that medicine is ready to be
delivered” (Figure 2). Many patients suggested having the option of both, with the light
notification for nighttime and vibration notification during the day. In open-ended responses,
patients reported that these 2 added features, by providing more information about the PCA
pump status with respect to the lock out period, would (1) improve patient’s understanding
about the lockout period, (2) improve how patients manage the lockout period, (3) improve
confidence that the PCA pump was functioning properly, and () would help the patient find
the button at night when the room was dark. Although PCA notification of pain medication
availability might lead to increased usage and thereby increased adverse events and
complications, this has not been studied, and the lockout function as well as the patient
being awake enough to push the PCA button may be sufficient to prevent over-usage.

Proposing a new PCA patient interface
An overarching goal of this study was to identify features of the current PCA patient
interface that negatively affect patient satisfaction and the ability to control pain with a goal
of developing strategies to improve the usability and functionality of PCA. The University
of Michigan used patient feedback from this study along with innovative strategies proposed
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by authors within the research team and guided a team of engineers through the design for a
new PCA patient interface. The University of Michigan prototype handset engineered by a
team of 4 engineering students (Figures 3A & 3B) incorporates an LCD screen to effectively
communicate pump status (eg, in lockout, medication delivery readiness, real-time feedback
of medication delivery) and offers pain score and satisfaction assessment questions to the
patient, which enable auto-titration of pain medication along with PCA use data, patient
reported data and strategic alerts that can be routed to provider portable devices. Improving
the patient interface alone will not resolve the problems of under-dosing; however, this
concern must be balanced against potential risks of increasing opioids. The pain assessment
decision tree (Figure 4) allows for auto-titration based on binary satisfaction with pain
control, which may include assessment of experienced side effects and the desire for more or
less pain medication, rather than simply using pain scales as the basis for titration.25

Limitations
Two limitations in this study were not including pain scores or PCA medication usage
within the data collection and data analysis. Since the objective was to determine if patients
knew when they were receiving pain medication and if any ambiguity related to medication
delivery negatively impacted their satisfaction with pain control and self-reported ability to
control pain, individual patient’s pain score and PCA medication usage was not collected.
Although, pain scores could have provided additional information regarding patient
satisfaction; given that prior research has already shown lower pain scores correlate with
increased satisfaction,8,9 the present study was designed to assess the patient’s satisfaction
with their experience of pain and ability to control pain. Furthermore, while a practitioner
may strive to treat pain scores that scale up and down, what any practitioner is really
addressing is the binary question, “Is the patient satisfied with their pain?” or “Does the
patient need more pain medication?” Any pain score, while useful in documenting trends
and monitoring immediate response to pain treatments, is usually followed by qualifying
questions that seek to determine if the patient needs more or less pain medication. In
addition to the above limitations, despite creating the survey with the assistance of pain
physicians and researchers with experience in survey research (ART and CMB), the survey
was not validated, which may impact the results. Whereas the removal of patients with
chronic pain that completed the survey leaves a study population that is smaller than that
indicated by the a priori power analysis, the included cohort was still sufficiently large to be
representative of the institution’s target population. In addition, the general rule of thumb of
at least 10 patients per question in survey research was still met (17 questions, 350 patients
included).

Conclusions
Based on surveys from 350 patients in a tertiary care medical center, we conclude that the
ambiguity of receiving pain medication when pain medication is requested leads to
difficulties using PCA and may negatively impact patient satisfaction and patients’
perceived ability to control pain. Future study is needed to determine whether modifications
in the patient interface can improve outcomes and satisfaction and the impact such features
might have on patients with chronic pain who may have more anxiety about their ability to
control pain during periods of acute post-operative pain. Future directions for product
development and research can investigate the feasibility of safely allowing patients to
increase their opioid dosing in the setting of uncontrolled pain, with appropriate positive-
and negative-feedback loops in place along with using a more informative patient-centric
PCA patient interface.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Most common reported difficulties reported by patients while using PCA.
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Figure 2.
Patient responses to proposed solutions for improving ease of use and improving how
patients manage the lockout period.
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Figure 3.
A. Exploded view of prototype PCA patient handset.
B. PCA prototype handset with liquid crystal display display (LCD) screen.
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Figure 4.
Pain assessment decision tree used to solicit patient feedback and guide auto-titration of
PCA dosing. This proposed algorithm uses patient feedback in conjunction with patient
physiologic feedback (e.g. oxygen saturation, carbon dioxide level) and PCA use data. The
basic assumption is that PCA use patterns may indicate the need for pain assessments and/or
PCA dosing adjustments and so prompts can be generated to engage the patient and verify if
indeed an assessment is warranted. If nurses are notified during such times, a more patient-
centric approach to monitoring patients using PCA can be achieved. Although assessments
are routinely performed on patients using PCA, there may be more appropriate times to
assess the patient that fall outside of scheduled routine visits. At the same time, while PCA
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orders often include PCA titration, it may be better to build these allowable titrations into
the PCA algorithm which can be incorporated into a more advanced patient interface. Rather
than using pain scores to assess the need for more or less pain medication (e.g., increase or
decrease bolus doses), this algorithm assumes the patient knows whether or not they need
more pain medication and simply asks the binary question, “Would you like more pain
medicine?” Consequently, if it is safe to do so and it is within the prescribed order set and
programmed into the PCA, the PCA would titrate accordingly, otherwise the system would
page the nurse and systematically establish a patient-nurse encounter that would be timelier
than a routine assessment scheduled by the provider.
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Table 1

Patient Preferences Impacting Patient Satisfaction with PCA. The overall 335 satisfaction scores with the PCA
device (Q1) were compared between groups responding 336 positively and negatively regarding specific Yes/
No questions about their understanding, 337 use, and proposed innovations of the PCA device.

Patient Preferences YES
Median

Satisfaction
Score

[25th, 75th IQR]
(n)

NO
Median

Satisfaction
Score

[25th, 75th IQR]
(n)

p value

1. Adequately able to control pain (Q2) 9 [8,10] (293) 5 [3,7] (57) p < 0.001

2. Experienced difficulties using PCA (Q6) 8 [5,10] (73) 9 [8,10] (277) p < 0.001

3. Provided adequate information about PCA (Q7) 9 [7,10] (329) 8 [7,10] (21) p = 0.468

4. Finding the PCA pump difficult to use (Q9) 8 [7,10] (92) 9 [7,10] (258) p = 0.133

5. A light on the button would have made it easier to find (Q10) 9 [7,10] (199) 9 [7,10] (151) p = 0.983

6. A lit up cable would have made it easier to find (Q11) 9 [7,10] (139) 9 [7,10] (211) p = 0.964

7. A vibrating button notifying when the PCA was ready to give more medicine
(LockOut Period Over) would have made it easier to use (Q12)

8 [7,10] (191) 9 [8,10] (158) p = 0.103

8. A light on the button that turned on notifying when the PCA was ready to give
more medicine (LockOut Period Over) would have made it easier to use (Q13)

9 [7,10] (246) 9 [7,10] (104) p = 0.135

9. Knowing when the PCA pump was ready so that medicine would be delivered
if the button were pushed (LockOut Period Over) (Q14)

8 [7,10] (179) 9 [7,10] (171) p = 0.123

Question number (Q) noted corresponds to patient survey. See Supplemental Digital Content 1, http://links.lww.com/AAP/A78, for further details.
N = number of patients. α = 0.05.
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Table 2

Patient Preferences Impacting Patient Ability to Control Pain Using PCA. The overall ability to control pain
scores with the PCA device (Q5) were compared between groups responding positively and negatively
regarding specific Yes/No questions about their understanding, use, and proposed innovations of the PCA
device.

Patient Preferences YES
Median Ability to

Control Score
[25th, 75th IQR]

(n)

NO
Median Ability to

Control Score
(25th, 75th IQR)

(n)

p value

1. Satisfied with ability to control pain (Q1) 9 [8,10] (293) 5 [3,7] (57) p < 0.001

2. Experienced difficulties using PCA (Q6) 8 [5,10] (73) 9 [8,10] (277) p < 0.002

3. Provided adequate information about PCA (Q7) 9 [7,10] (329) 9 [5,10] (21) p = 0.501

4. Finding the PCA pump difficult to use (Q9) 8 [6,10] (92) 9 [7,10] (258) p = 0.259

5. A light on the button would have made it easier to find (Q10) 9 [8,10] (199) 9 [7,10] (151) p = 0.360

6. A lit up cable would have made it easier to find (Q11) 9 [8,10] (139) 9 [7,10] (211) p = 0.868

7. A vibrating button notifying when the PCA was ready to give more medicine
(Lockout Period Over) would have made it easier to use (Q12)

9 [7,10] (191) 9 [8,10] (158) p = 0.060

8. A light on the button that turned on notifying when the PCA was ready to give
more medicine (Lockout Period Over) would have made it easier to use (Q13)

9 [7,10] (246) 10 [7,10] (104) p = 0.640

9. Knowing when the PCA pump was ready so that medicine would be delivered if
the button were pushed (Lockout Period Over) (Q14)

9 [7,10] (179) 9 [8,10] (171) p = 0.116

Question number (Q) noted corresponds to patient survey. See Supplemental Digital Content 1, http://links.lww.com/AAP/A78, for further details.
N = number of patients. α = 0.05.
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Table 3

Summary of patient responses to open-ended questions.

Open-ended Question Themes extracted from patient responses

A. Difficulties with PCA 1 Could not find the button

2 Difficulty finding the PCA button after falling asleep

3 Did not know if they were getting medicine when they pushed the button

4 Did not know when the lock-out period was over; uncertain when it was OK to push the
button again

5 Perceiving the PCA pump had stopped working or being uncertain as to whether the pump
was delivering medicine

6 Insufficient feedback on whether the button had been pushed correctly

7 Waking up in terrible pain because the button hadn’t been pushed while they were asleep

B. PCA patient education and
information

1 Good explanations were provided by the staff

2 Staff were unable to clearly explain how the pump functioned relative to the lock-out period

3 Didn’t know if the lockout was 6 minutes or 10 minutes

C. Lit up button help locate the
button

1 Having the button clipped to the gown or wrist would be most convenient

2 A lit up button was perceived as helpful by some, especially at night when it would be
difficult to find; while some felt it might keep them up at night

D. Lit up cable to help locate the
button

1 A brighter color cord might be better (neon color)

2 Having the entire cable lit would be too bright

E. Vibrating button to know when
lock-out period is over

1 Useful alert, like it better than lit up button

2 Patients like the idea not having to watch the clock

3 On/off options during sleep would help prevent from waking up due to the vibration, may
be better during the daytime

F. Button lighting up to know when
lock-out period is over

1 A lit up button turning on would be helpful in serving as an alert

2 Patients like the idea not having to watch the clock

3 Light would also serve as a visual reminder the pump was functioning properly

4 The light should not be so bright to keep patients up at night

5 Light would also help patients find the button at night when the room is dark

G. Knowing when pump was ready
to deliver more medicine

1 Patients reported not knowing when the pump was ready to deliver more pain medicine

2 When you are unsure you are getting medicine then you will always feel as though you are
in pain because you are always thinking about it

3 Not knowing made pain worse by increasing anxiety of whether or not to hit the button

4 Patients reported they would just keep hitting the button unsure if they pushed it hard
enough

H. Best signal for alert when the
lock-out period is over

1 The “light-up button feature” would be the best way to know if the pump was unlocked, but
only if it wasn’t under the covers or out of sight

2 The “vibrating button feature” would also be helpful, but only if it was close enough to feel
it

3 Some preferred a combination of the “light-up button feature” and the “vibrating button
feature” and being able to switch between the two depending on if it was day or night
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Open-ended Question Themes extracted from patient responses

I. Anything else that would help
improve PCA

1 A clip on the button to keep it in place or within reach

2 A wireless device or combined with the nurse call button to help reduce tangling due to the
number of cables and cords and to improve ease of ambulation
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