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Abstract

Surgical site infections (SSIs) are one of the most common and, yet, preventable healthcare
associated infections. In Ireland, the rate of Caesarean section (CS) is increasing, while
postpartum hospital stay is decreasing, adversely affecting SSI among women. There is much
need to develop post-discharge surveillance which can effectively monitor, detect, and arrange
treatment for affected women. The use of modern technology to survey SSI following discharge
from hospital remains unexplored. We report the results of a feasibility study which investigates
whether an integrated mobile application (hereafter, app) is more cost-beneficial than a stand-
alone app or telephone helpline at surveying SSI following CS. We find women prefer the
integrated app (47.5%; n=116/244) over the stand-alone app (8.2%; n=20/244) and telephone

helpline (18.0%; 44/244), although there is no significant difference in women'’s valuation of these
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services using willingness to pay techniques. The stand-alone app is the only cost-beneficial
service due to low labour costs. Future research should employ alternative measures when
evaluating the benefits of the health technology. The use of a mobile app as a mechanism for

postpartum care could represent a considerable advancement towards technological health care.

Introduction

SSls are one of the most common and, yet, preventable health-care associated infections (HCAIs)!. In
Ireland, the infection affects approximately 10% of women undergoing Caesarean section (CS), or
roughly 2,200 women annually?3. The rate of CS is increasing, accounting for 30% of births in 2014
compared with 24.3% in 2003, while postpartum hospital stay is decreasing; median length of stay is
estimated at three days in 2012, against five days in 2010%“. This is having an adverse effect on SSI,
which can become apparent within 30 days of surgery, meaning many infections are not identified until
after discharge from hospital®. This represents a significant burden on patient morbidity and mortality, and
hospital costs®. SSls prolong postpartum care where hospital costs are adversely affected by readmission
with serious infections requiring surgical intervention. With reduced time spent in hospital following CS,
there is much need to develop post-discharge surveillance which can effectively monitor, detect, and
arrange treatment for affected women. Although there remains no widely approved mechanism to identify
SSI internationally, post-discharge surveillance exists in varying forms, including self-completion

questionnaires, follow-up visits, or telephone calls with a health care provider®.

Current practice in Ireland is mixed. However, women are visited in their homes by a public health nurse
shortly after childbirth, where assessment of surgical wounds is undertaken among women that delivered
by CS. The use of modern technology to monitor and identify SSI following discharge from hospital
remains unexplored. This study considers a mobile application (hereafter, app), which may be used on a
mobile device or tablet, to monitor, detect, and arrange treatment for cases of SSI among CS patients.
The mobile app is compared with alternative methods of post-discharge surveillance to investigate
women’s preferred service and calculate the expected costs and benefits of these services. As this is a
feasibility study, we are interested in assessing the methods employed herein to inform a complete
randomised controlled trial (RCT) and alongside economic evaluation, which examines the effectiveness

and cost-effectiveness of the proposed interventions.

Methods
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We informally compared the costs and benefits of a stand-alone app, integrated app, and telephone
helpline in monitoring surgical wound post-CS in Ireland. The stand-alone app essentially represents
usual care in Ireland. The app provides a range of information about CS and SSI directly to women on
their phone or tablet. It allows women to record symptoms as well as temperature, heart rate and pain,
among other symptoms. Based on the information recorded, the app provides advice such as to check
body temperature or to contact a General Practitioner (GP). The integrated app has all the functionality of
the stand-alone app, although the information recorded is checked daily by a midwife in the maternity
hospital. The app allows the midwife to provide advice directly to women if necessary and instruct patients
to contact their GP or return to the hospital for a consultation. The telephone helpline allows women to
contact a midwife in the maternity hospital directly, where advice and instruction on appropriate courses

of care can be provided.

Women’s preferences for the proposed interventions are elicited using the contingent valuation method
(CVM), or willingness-to-pay (WTP) method, which is a survey-based measure that captures value
through simulated behaviour. In a CVM, respondents are presented with a hypothetical scenario and
asked to infer how much they would be willing to pay to experience a welfare gain associated with a good
or service. In this study, women are presented with the three hypothetical interventions and asked to infer
how much they would be willing to pay for these services. An open-ended question is assumed (Figure 1).
The payment vehicle is designed as an out-of-pocket expense given women’s expected familiarity with

out-of-pocket expenses for mobile apps and telephone calls.

The CVM was distributed to 380 women in public and private antenatal clinics in Cork University Maternity
Hospital (CUMH) in June 2015. Ethical approval for the study was granted by the Clinical Research Ethics
Committee of the Cork Teaching Hospitals and the Division of Obstetrics and Gynaecology in CUMH.
(The questionnaire can be made available by the authors on request.). The WTP data were analysed in
Stata 12°. The distribution of the data was explored and the data were trimmed to remove potential

outliers. Descriptive statistics were used to describe both mean and median WTP values’.

Cost estimates derived from primary data collection. We assumed a health-service perspective and
collected only those service costs accruing to the Health Service Executive (HSE). Resources were
valued at their opportunity costs®. All unit costs were valued at 2014 prices and expressed in Euro (€). We
calculated the expected total service costs, which covered staff and capital costs. The capital costs
associated with the apps related to app development and maintenance. The stand-alone app took
approximately one month to develop, or 120 hours. The integrated app took approximately two months to

develop, or 240 hours. It takes approximately two hours per week to maintain these apps. The apps were
9
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depreciated on a straight-line basis to reflect annual costs, in line with HIQA guidelines . The unit cost of
the equipment was calculated on a per-usage basis. We used data from CUMH to estimate the expected
capacity use over a six-week period. This translates to 260 deliveries, giving an expected capacity use of
260 women to utilise these apps during the study time frame. The expected unit cost of the stand-alone
app was €1.21 per woman and €2.32 for the integrated app (Table 1). Other costs, such as cost savings
arising from a reduction of SSI following effective surveillance, were omitted given the objectives of this

study.

We compared the costs and benefits of the proposed interventions within an informal cost-benefit analysis
(CBA). The time horizon was six weeks, allowing for an estimation of the costs and benefits arising during

the at-risk period of SSI. A net benefit analysis was estimated to compare costs and benefits;

(Net Benefit = Benefits - Costs)

where an activity was considered cost-beneficial if the difference was positive. To reflect the existence
and extent of uncertainty in the input parameters, probabilistic sensitivity analysis (PSA) was performed'®

using Microsoft Excel software!?.
Results

Women'’s willingness-to-pay

Questionnaires were returned from 348 respondents, yielding a response rate of 91.8 per cent (sample
characteristics can be made available by the authors on request). There is no significant difference
between women’s WTP for the three interventions (Table 2). Women are willing to pay €22.15 (95% CI
€16.76-27.55), €26.03 (95% CIl €21.56-30.50), and €23.44 (95% CI €18.73-28.16) for the stand-alone

app, integrated app, and helpline, respectively.
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Here we describe three options for supporting the care of women in the first 30 days
after having a baby by caesarean section. Please try to provide an answer as best as
you can. Please note that your answer has no influence on the care you receive. Your
answer will help us make decisions about the development of supports for women after
giving birth by caesarean section.

We would like you to imagine that you have your baby by caesarean section and then
specify how much you would be willing to pay out of your own pocket for each of the
support options described below. Please note we are only trying to estimate the value of
these different services. No woman having a baby in the hospital will be asked to pay for
such a service.

Stand-alone app: With this option, a woman will receive an app for her phone that
provides a range of relevant information about caesarean section. It also provides
contact information for the hospital and other useful resources/websites. The app also
allows the woman to record symptoms she may be feeling as well as temperature, heart
rate etc. Based on the information recorded, the app will give advice, e.g. re-take your
temperature in one hour, contact your GF, etc. This advice is generated by the app and
not by medical personnel in the maternity hospital.

Integrated app: This option has all the functionality of the stand-alone app. In addition,
the information recorded by the women will be checked on a daily basis by a midwife or
doctor in the maternity hospital. The app allows the midwife to provide advice directly to

women If necessary.

Maternity hospital helpline: With this option, a telephone number will be provided to
the women on discharge after caesarean section. This number will operate for two
hours every day and will put the woman directly through to a midwife or doctor
dedicated solely to responding to the helpline.

In the event that you have your baby by caesarean section, how much would you be
willing to pay out of your own pocket for the stand-alone app?
€

In the event that you have your baby by caesarean section, how much would you be
willing to pay out of your own pocket for the integrated app?
€

In the event that you have your baby by caesarean section, how much would you be
willing to pay out of your own pocket for the maternity hospital helpline?
€

Figure 1: C¥M scenario presented to respondents

Women's preference structure
Using available information on women’'s WTP, as determined by the maximum WTP for a specific
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intervention, it is possible to identify women’s preference structure for the three interventions. Where clear
preferences are observed, we find that approximately one in two women prefer the integrated app
(47.5%; n=116/244), while the helpline is preferred by approximately one in five women (18.0%;
n=44/244), which is more than double the number of women that prefer the stand-alone app (8.2%;

n=20/244). One in four women (26.2%; n=64/244) are indifferent between the three interventions.

Table 1 Capital costs associated with the stand-alone and integrated apps

Cost component Stand-alone app Integrated app
App development €2 894 40° €5, 758.80¢0

App maintenance® €241.20 €241.20

Total app costs A €3,135.60 €6,030.00
Depreciation® B 10% 10%

Annual cost (A*B) €313.56 €603.00
Capacity use over six week pernod® C 260 260

Unit cost (A*BYC €1.21 €2 32

" 120 hours at £24.12 per haur

= 240 hours at 24.12 per hours

=10 hours over six weeks at £24.12 per hour

* Depreciated at 10% per annum, in accordance with HIGA ®

* Basz=d on 260 women delivering by Caesarean section ower 3 six week periad using data obtained from Cork University Matemity Hospital

Cost estimates

The estimated total service cost was €1.21 for the stand-alone app, €1,948.72 for the integrated app, and
€1,946.40 for the helpline (Table 3). An additional cost associated with the integrated app related to the
cost of employing a midwife to review data daily. To review data, one midwife is employed for five days
per week, working two hours per day. At a unit cost of €32.44 per hour, the total staff cost was estimated

at €1,946.40. A similar staff cost was obtained for the telephone helpline.

Table 2 Benefit estimates and preference structure?

95% CI
Mean Median 5.D. Std. Error 0.025 0.975
Stand-alone app® €22.15 €10.00 €41.70 £€2.74 €16.76  €27.55
Integrated app® £26.03 €10.00 £36.82 £2.27 €21.56  €30.50
Helpline® £23.44 €10.00 €34 15 €2 40 €18.73 €28.15

5.0, standard deviation; Std. error, standard error; Cl, confidence interval.
® 26.2% (n=04/244) wers indifferent between the thres interventions

= 2.20% [n=20/244) prefzrred the stand-slone app

= 47.8% (n=118/244) preferred the integrated app

# 12.0% (n=44/244) preferred the telephone helpline
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Cost-benefit findings

The net benefit results suggest that the stand-alone app is cost-beneficial. A positive net benefit (€20.94)
is produced as women’'s WTP for this service (€22.15) exceeds the cost (€1.21). When the median
valuation is assumed, the results remain unchanged. In contrast, the integrated app and telephone
helpline are not cost-beneficial as the cost of these services far exceed women’s WTP for them. (Similar

results are obtained by the PSA, which can be made available by the authors on request).

Table 3 Base case CBA results

Intervention £ MNet Benefit (€)
Mean cost Stand-alone app €1.213
Integrated app €1,048.72
Helpline €1,946.40
Mean benefit Stand-alone app £22.15 £20.94
Integrated app €26.03 €1,922 .69
Helpline €23.44 -€£1,922 96
Median benefit Stand-alone app £10.00 €8.79
Integrated app €10.00 €£1,938.72
Helpline €10.00 -£1,936.40

Discussion

The aim of this research was not to provide conclusive evidence on the costs and benefits of the
proposed interventions, but to learn about ways in which this research could be improved to more
accurately examine the effectiveness and cost-effectiveness of these services. Many lessons are learned
in this regard. While the CVM approach is regarded as a valid technigue in eliciting benefit valuations,
when applied to this area it likely produces results that are inconsistent with the expected benefits of the
proposed interventions. Women valued the integrated app at €26.03, which is considerably smaller than
the expected benefit of this service. We suspect there are two reasons for this under-valuation. First, the
CVM scenario described the functionality of the app and how it could be used to communicate with a
midwife, for example. It did not describe the potential benefits associated with early detection and
treatment, which would likely influence women'’s valuation of the app. If the app reduced the probability of
developing a severe SSI relative to the stand-alone app or eliminated the likelihood of requiring further
surgical intervention, then women may be willing to pay considerably more for this service. However,
information on the effectiveness of the app in achieving these outcomes is required and can only be
determined within a RCT. Second, it is likely women’s valuation of the integrated app and stand-alone

app was considerably smaller than anticipated given women’s familiarity with paying small amounts for
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mobile apps. Consequently, the CVM approach is poorly equipped to capture meaningful benefit
valuations here. An alternative approach which captures quality and length of life may be provided by

utility weights, or the EQ-5D, which could be captured in a RCT.

In terms of costing the proposed interventions, the results do not represent the true cost of providing
these services. We examined the direct service costs associated with providing the interventions, which
included staff costs and app development and maintenance costs. Information on costs associated with
repeat consultations with a GP or maternity hospital is important in determining the true cost, but could

not be captured in this analysis given the lack of detailed patient level data.

It is difficult to say exactly what benefits could be achieved through the technology’s use, as it has yet to
be field-tested. However, several important findings are obtained in this analysis. The aim of the mobile
app was to examine the role technology can play in the delivery of health care and investigate whether
advancements in technology can improve health, while reducing health care costs. The proposed
integrated app is considerably expensive from a service perspective because it requires a midwife to
review data daily. Further advancements in technology are required to eliminate these staff inputs. In the
US, a similar mobile app is being developed to monitor and detect cases of diabetic retinopathy in
patients with diabetes!?. The functionality of the app is similar to the app presented here, in that patients
record information and take photographs of their eye and upload these to the app. However, rather than
employing a nurse or clinician to review these data, the researchers are developing an algorithm which
evaluates the information and scans the photographs to detect cases of diabetic retinopathy'?. To date,
the researchers have found the algorithm accurately diagnoses cases of diabetic retinopathy 80% of the
time, which is the same level of accuracy observed in clinicians'?. To eliminate staff costs associated with
the integrated app, a similar algorithm with comparable accuracy is required. This advancement in
technology would transform the delivery of health care and achieve considerable reductions in health care
costs. We are currently undertaking experimental work to develop a similar algorithm, which we aim to

evaluate within a complete RCT.

Finally, women’s preferences for the three interventions followed a clear hierarchy. Almost one in two
women (47.5%) preferred the integrated app over the alternative methods of surveillance. Given the
increasing rate of CS in Ireland and decreasing rates of postpartum stay in hospital, the increased risk of
SSI presents a considerable public health problem that requires a policy response. It seems women
would prefer the integrated app to monitor surgical wound post-CS. Configuring health care services in
this way would remove some of the inequalities that arise when health care is organised by government

or professional bodies, however, the effectiveness and cost-effectiveness of this service needs to be
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considered.
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