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Abstract

Background and objectives: Mobile phone applications (apps) have been used for patient follow-up in the
postoperative period, specifically to assess for complications and patient satisfaction. Few studies have evaluated their
use in regional anesthesia. The objective of this study was to compare follow-up response rates using manual phone
calls versus an automated patient outreach (APO) app for peripheral nerve block patients. We hypothesized that the

response rate would be higher in the APO group.

Methods: A mobile app, “JeffAnesthesia,” was developed, which sends notifications to patients to answer survey
questions in the app. We randomly assigned patients who received peripheral nerve blocks for postoperative pain to
either a manual phone call or an APO app group, with follow-up in each category occurring between postoperative

days (POD) 14-21 and 90-100.

Results: In total, 60 patients were assigned to the phone call group and 60 patients to the APO app group. Between
POD 14-21, 9 (15%) patients were reached in the manual phone call arm, and 16 (26.7%) patients were reached in the
APO arm (p=0.117). At POD 90-100, follow-up was successful with 5 (8.2%) in the manual phone call group vs. 3

(5.0%) patients in the APO app group (p=0.300).

Conclusions: Overall response rate was poor, with comparable response rates between groups. The APO method may
reduce time spent by anesthesia staff on follow-up calls, but our data do not suggest this method improves response
rates significantly. Further studies are needed to better understand the reasons for the poor response rate and strategies

for improvement.

Keywords: anesthesiology, regional, mobile app, randomized, follow-up, automated survey
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Introduction

Automation of patient follow-up via mobile phone applications (apps) has potential to save time for physicians,
standardize responses, and increase the patient response rate. Follow-up rates as high as 60% have been reported in
the surgical population [1, 2]. In the specialty of anesthesiology, patients who received a peripheral nerve block have
been the focus of recent study. In one such study, the “Panda” smartphone application was used to assess pain after
peripheral nerve block in ambulatory patients [3]. Another compared response rates in an app downloaded prior to
surgery to a phone call in patients receiving a peripheral nerve block, and reported an app response rate of 78% [4].
At Thomas Jefferson University Hospital (TJUH), anesthesiology team members routinely contact surgical patients
who received a peripheral nerve block to assess for complications via direct phone calls. Historically, regional
anesthesiology team members estimated that the rate of reaching patients by phone was 30%, but the actual follow-

up rate was unknown.

Traditionally, anesthesia staff spent significant time during regular business hours calling patients for follow-up,
usually in the latter part of the afternoon, when clinical work was slower. Team members estimated they spent at least
one hour per day on follow-up efforts. Investigators suggested that the time savings provided by an automated outreach
process could save several hours per week and allow team members to pursue other value-generating activities instead.
The objective of this study was to compare follow-up response rates using manual phone calls versus an automated
patient outreach (APO) app for peripheral nerve block patients. The authors hypothesized that the response rate would
be higher in the APO group. Secondary endpoints, including patient satisfaction with nerve blocks and pain scores,

were also compared between the two groups.
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Methods

General Study Procedures

The institutional review board (IRB) approved this study (IRB Control #:18D.368) on 6/21/2018. The trial design is
a randomized parallel design with two groups (manual phone calls vs. APO app) in a 1:1 allocation ratio. Inclusion
criteria were defined as: patients receiving regional anesthesia (nerve block single shot or catheter), >18 years old,
access to a smartphone, and ability to understand spoken and written English. Exclusion criteria included: visual

impairment, memory/cognitive impairment, the need for English interpretive services, and prisoner status.

Patients who received a peripheral nerve block were enrolled at bedside by a member of the regional anesthesia team
on either postoperative day (POD) 1 or 2 and assigned an intervention based on a randomized sequence.
This randomization was produced by a computer-generated sequence with a simple balanced design, created by a
member of the team not involved with patient enrollment. A printed copy of the sequence was accessed by an

anesthesia team member each time a patient was enrolled. Study team members were not blinded in this process.

At the point of enrollment, patients provided verbal consent per protocol, and email addresses, cell phone numbers,
and date of enrollment were collected. According to group assignment, patients were then informed they would receive
either (1) a manual phone call to their cell phone during daytime hours of 9am-5pm or (2) receive an electronic
invitation to complete an electronic survey via the APO mobile app. As such, patients were not blinded to the
intervention they received. Patients randomized to the phone call group were told explicitly that they would receive a
phone call from a member of the Regional Anesthesia team, and contact information for the Anesthesia Department
is included in discharge paperwork for all patients. In both groups, outreach occurred between POD 14-21 and 90-
100, because these timepoints were used by the regional anesthesia team prior to this study. In addition, regional
anesthesia staff contact patients in the 90-100-day range because most temporary nerve injuries are resolving by that

time, and those rare injuries that are still present may warrant neurological consultation [5].

In the manual phone call group, the regional anesthesia staff member called the patient at the POD interval, specifically
during normal working hours from 9am-5pm. Responses were then recorded by the team member into a research
database that was built in a subsection of the hospital electronic health record (EHR), but still separate from regular

clinical documentation. Team members spent approximately 2 months (weekly meetings, 30-45 min per meeting) with
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informatics staff to create the research database within the EHR. In the APO group, the patient’s cell phone number
and email address were registered into a separate HIPAA-compliant, web-based management system immediately
after enrollment. The system then sent automated text messages to the patient’s cell phone, inviting the patient to
download the “JeffAnesthesia” app from the Google Play (Android) or App Store (i0S) and answer post-operative
care surveys. Once downloaded, the patient then also received in-app reminder notifications to complete surveys at
the specified outreach timepoints, as well as access to educational material promoting healthy recovery practices. Of
note, research team members spent approximately 3-4 months of intermittent work (weekly meetings, 30-45 min per
meeting) with the third-party vendor to develop the app and data analysis. Training the study participants in the APO

group was completed as part of the study enrollment process, which usually took less than 5 min per patient.

Sample Size Calculation and Statistical Analysis

The approach to sample size determination assumed that an increase in patient follow-up from the estimated 30% rate
to 60% with APO would potentially allow the regional anesthesia team to better understand the frequencies of rare
complications. The effect size was based on prior studies [1, 2] in which high success rates using mobile technology
were reported. The sample size was determined using a power analysis with a test for equality of two proportions (0.3
and 0.6) with alpha set at 0.05 and a power of 0.80. With 42 subjects per treatment group (n=84), there was 80% power
to detect a difference between the control and treatment arms. To account for dropouts and communication difficulties,
a total of 60 patients per group were enrolled. Patients were then randomized into a manual phone call group or an

APO app group, with a target of 60 subjects per treatment group, for a total n=120.

Patients answered the same survey questions in both arms, which were pre-determined prior to enrollment. These
questions allowed for the collection of data for both primary and secondary endpoints, which were analyzed at the
conclusion of the trial. The primary endpoint was defined as whether the patient was reached successfully via a phone
call in the phone call group or if the patient completed a survey in the APO app group. If a patient partially completed
a survey in either arm, this was counted as successful outreach for the primary endpoint. Secondary endpoints,
including patient satisfaction with nerve blocks and pain scores, were also measured. Patient satisfaction with nerve

blocks was rated 0-10, where 0 represented very dissatisfied and 10 as very satisfied. Pain scores were also rated on a



numerical rating scale where O represented no pain and 10 represented the worst pain imaginable. There were no

changes to these outcome definitions after commencement of the trial.

Results for 120 subjects are summarized in data tables using descriptive statistics for demographic and quantitative
variables for each group. Patient follow-up rates are reported as counts and percentages for each group in the analysis.
Statistical significance was determined using the Kruskal-Wallis test and one-way ANOVA with p<0.05 set for
statistical significance. Statistical analyses were performed using Systat version 13 and IBM SPSS version 25. There
were no harms or unintended effects observed in either group. Data are presented as mean + standard deviation or

median (interquartile range) as appropriate.
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Results

A total of 120 patients who received a peripheral nerve block at TJUH were recruited into the study between 11/9/2018
and 1/2/2020 and randomized. The median age for the phone group was 63 (14). The median age for the APO app
group was 59 (12). Because the primary endpoint for this trial was defined by successfully reaching the patient, a
patient lost to follow-up in the specified POD interval was defined as a patient that was not reached by phone or did
not respond to the app. In the manual phone call arm, this definition included human error in case the team member

did not follow-up with the patient in the specified POD interval. The enrollment diagram is indicated in Figure 1.

Figure 1. Enrollment diagram. Note that “lost to follow-up” is separated into two different components for each

timepoint.

[ Enrollment ]

Randomized (n=120)

¥ [ Allocation } y

Allocated to phone call group (n=60) Allocated to APO mobile app group (n=60)

+ Received allocated intervention (n=60) + Received allocated intervention (n=60)

+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
b [ Follow-Up J l

Lost to follow-up at day 14-21 (n=51) Lost to follow-up at day 14-21 (n=44)

Lost to follow-up at day 90-100 (n=55) Lost to follow-up at day 90-100 (n=57)
¢ [ Analysis } J’

Analyzed (n=60) Analyzed (n=60)

¢ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Results at POD 14-21 and 90-100:

For the primary outcome of patients reached at POD 14-21, 9 patients (15%) in the manual phone call group vs. 16
patients (27%) in the APO app group were reached (p=0.117). At this time interval, the odds ratio for reaching patients
with the APO app over the manual phone calls was 2.061 (95% CI: 0.829-5.123, p=0.117). There was an absolute
difference of 11.67% of the APO app over manual phone calls at POD 14-21, which was not statistically significant.
For POD 90-100, 5 patients (8%) in the phone group vs. 3 patients (5%) in the APO app group were reached (p=0.300).

The odds ratio for reaching patients with the APO app over the manual phone calls was 0.474 (95% CI: 0.113-1.989,
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p=0.300). There was an absolute difference of 5.00% of manual phone calls over APO app at POD 90-100 which was
also not statistically significant. Figure 2 shows an illustration of the percent of patients reached between the two

interventions.

For the secondary outcome of pain score at POD 14-21, the mean pain score was 3.6 = 3.1 in the manual phone call
group (n=9) and 4.2 £ 3.3 in the APO app group (n=16) (p=0.642). For the secondary endpoint of patient satisfaction
with the peripheral nerve block at POD 14-21, the mean satisfaction score was 9.7 + 0.7 in the manual phone call
group (n=9) and 8.7 + 2.6 in the APO app group (n=16) (p=0.279). For POD 90-100, the mean pain score was 3.6 £
3.1 in the manual phone call group (n=5) and 4.2 + 3.3 in the APO app group (n=3) (p=0.544). For patient satisfaction,
the mean satisfaction scores were significantly different between the two modalities: 10.0 £ 0.0 in the manual phone

call group (n=5) and 5.3 £ 3.5 in the APO app group (n=3) (p=0.020).

Figure 2. lllustration of the percent of patients who were reached with the two communication modalities. There
were no statistically significant differences between the number of patients reached using the phone or app methods

on POD 14-21 (p=0.117), or on POD 90-100 (p=0.300).

509

409

Percent of patients

Phone App Phone App
POD 14-21 POD 90
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Discussion

Between POD 14-21, a greater number and percentage of patients who received a peripheral nerve block were reached
via the app than those who were contacted via manual phone calls, but this difference was not statistically significant.
While most patients who experience a complication associated with a nerve block present with symptoms within the
first 2 weeks after surgery [6], the results of this study suggest that using an automated app yields similar results to

using manual phone calls in the early postoperative period.

The efficacy of automated or text-based messaging have been documented in settings ranging from suicide prevention
to medication therapy adherence [7-10]. Prior studies have shown that in the postoperative period, app-based solutions
have reported outreach rates greater than those observed in this study [1, 3-4]. However, patients in our study were
not guaranteed to have downloaded the APO app. They were given instructions upon enrollment to download the app
in the postoperative period, but this download was not confirmed by the research team. In other studies, the
postoperative app solution was downloaded for the patient with substantial education [3-4] prior to initial outreach.
Therefore, we believe that our response rates reflect what occurs when hospital staff members do not download the
app for the patient. Taken together with the results of prior studies [1, 3-4], this implies that downloading the app is
the rate-limiting step. The time spent downloading the app for the patient must be accounted for if high response rates
are desired. We believe our findings more closely replicate real-world practice where personnel to download apps to
patient phones are often not available. To maximize response rates, sufficient staff dedicated to helping patients

download apps may be needed.

Although response rates did not differ between groups, the time saved by the APO app for the regional anesthesia
faculty likely has important implications. Although this study did not directly measure the time required to perform
calls, regional anesthesia team members estimate that each patient takes on average 5 min per call, which includes
locating the patient contact information in the EHR, performing the phone call, and making additional attempts if
needed. These actions would be multiplied by 15-20 calls per day. Although daily routines vary, up to 75-100 min of
time could be saved per day if these calls were replaced by an APO. This could represent a large improvement in
efficiency for the regional anesthesia team and must weighed against the up-front cost for development and
implementation. Our data suggest that the APO app is no worse than traditional phone calls in terms of response rate

and thus the time savings may justify its use.
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Response rates at POD 90-100 were very poor with both modes of outreach, making it difficult to draw conclusions
between the two methods at this time interval. However, given the time and effort needed to make these follow-up
attempts, these results suggest that outreach attempts at POD 90-100 with either method do not provide substantial

value and should therefore be stopped.

Regarding secondary outcomes of this study, there were no statistically significant differences in pain or satisfaction
scores between the two outreach groups at POD 14-21, nor in pain scores between groups at POD 90-100.
Interestingly, there was a difference in satisfaction at POD 90-100, with patients who were called directly reporting a
significantly higher satisfaction rating. That said, given the overall low numbers of successful follow-up at POD 90-

100 with either method of outreach, there is likely very little clinical value in this finding.

Study Limitations

Selection bias was likely a limitation of this study, as participation required patients to have a smart phone and be
willing to receive notifications via an app/text, and therefore individuals in this study were likely more willing to
download an app and respond. Patients who were approached but declined participation did so largely because they
did not wish to share their personal contact information or to receive automated messages from the regional anesthesia
team on their personal devices. As such, these results may be more applicable to those patients who are comfortable
with smart phone usage or to those with some basic technological literacy. Based on a 2019 survey conducted by the
Pew Research Center, 79% of respondents ages 50-64 owned smart phones [11], pointing towards an increasing
prevalence of smart phone usage as this population ages into their Medicare-eligible years. Given this expected change

in market demographics, it seems prudent to migrate follow-up efforts to a mobile app platform.

This study may also have been limited or influenced by timing or workflow factors. At the study hospital, the regional
anesthesiology team members try to call patients between 9 am and 5 pm, but most typically between 3-5 pm. If
patients have returned to work, they may not be available for phone calls during this time or may not accept a phone
call from an unrecognized number. Moving to an automated app-based system allows for both continual reminders
and asynchronous messaging to patients, as well as an opportunity to provide pre-established educational content on

this platform.

10



Conclusion

In conclusion, the implementation of an app-based solution for follow-up after peripheral nerve block was not superior
to phone calls for regional anesthesia follow up. Future studies should examine the underlying reasons why many did

not respond to the APO app.

11
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