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Abstract

Background—Information technology is transforming healthcare communication. Using 

smartphones to remotely monitor incisional wounds via digital photos as well as collect post-

operative symptom information has the potential to improve patient outcomes and transitional 

care. We surveyed a vulnerable patient population to evaluate smartphone capability and 

willingness to adopt this technology.

Methods—We surveyed 53 patients over a 9-month period on the vascular surgery service at a 

tertiary-care institution. Descriptive statistics were calculated to describe survey item response.

Results—94% (50 out of 53) of recruited patients participated. The cohort was 50% female, and 

the mean age was 70 years old (range: 41–87). The majority of patients owned cellphones (80%) 

and 23% of these cellphones were smartphones. 90% of patients had a friend or family-member 

that could help take and send photos with a smartphone. 92% of patients reported they would be 

willing to take a digital photo of their wound via smartphone (68% daily, 22% every-other day, 

2% less than every-other day, 8% not at all). All patients reported they would be willing to answer 

questions related to their health via smartphone. Patient’s identified several potential difficulties 

with regard to adopting a smartphone wound-monitoring protocol including logistics related to 

taking photos, health-related questions, and coordination with caretakers.
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Conclusions—Our survey demonstrates that an older patient cohort with significant 

comorbidity is able and willing to adopt a smartphone-based post-operative monitoring program. 

Patient training and caregiver participation will be essential to the success of this intervention.
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1. Introduction

The use of telemedicine applications for remote diagnosis and treatment of various health 

problems is expanding, but implementation of these techniques for transitional care remains 

relatively limited owing to 1) system and organizational barriers as well as 2) human factors, 

including patient and doctor engagement.[1] Notwithstanding, interest in telemedicine is 

growing, primarily because of its potential to address longstanding issues within the health 

care system including facilitation of patient-provider communication, patient self-

management, and the coordination of care across settings.[1]

Post-discharge surveillance of surgical site infection (SSI) and other wound complications is 

an area of surgical care that stands to benefit from the potential of telemedicine. SSI is the 

most common nosocomial infection in surgical patients and accounts for 38% of post-

operative complications.[2,3] SSI can lead to reoperation, limb loss, or death,[4,5] 

dramatically increasing health care costs.[6,7] Furthermore, these complications are the 

leading cause of unplanned, potentially preventable hospital readmissions for surgical 

patients.[2,4,8,9]

A large proportion of severe wound complications develop after hospital discharge.[2] This 

is in-part due to shorter lengths of hospitalization, but also because patients rarely recognize 

the early-stages of a wound infection.[10,11] This absence in clinician monitoring after 

hospital discharge reveals the potential for a transitional care photo-based telemedicine 

application. The information contained within a digital wound image may allow diagnose at 

an early stage, when a SSI can be treated in the outpatient setting with oral antibiotics and 

wound care, potentially precluding the need for readmission, intravenous antibiotics, and 

reintervention.

Technologies for wound analysis in the inpatient setting have proven feasible and reliable; 

interpretation of digital images taken by a photographer of post-operative wounds have been 

shown to be equivalent to physical examination for determining wound complications.[12–

15] However, in contrast to clinician-based inpatient protocols, patient- and caregiver-based 

outpatient digital wound monitoring protocols for SSI is still an unexplored area and thus 

patients’ understanding and willingness to use relevant technologies in the post-operative 

period is poorly understood. This is particularly true for the older surgical patient with 

multiple comorbidities.

In this study we explore human factors in the context of system and organizational barriers 

to determine the feasibility of a mobile health (mHealth[16]) smartphone-based intervention 

for wound monitoring to promote early recognition of wound complications following 
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discharge (fig 1). We surveyed vascular surgery inpatients at a tertiary care center and 

evaluated smartphone ownership, technological capability, and willingness to adopt new 

technology in a high-risk, elderly vascular population, for which barriers to adoption might 

be substantial and the role of caregivers is variable. We focus on vascular surgery because 

this population has the highest readmission rate among surgical specialties (i.e. 

approximately 24% in 30-days),[17] and the majority of these readmissions are for treatment 

of SSI.[5,8]

2. Methods

A preliminary draft of the survey was developed and informed by a community-based 

research advisory focus group: Community Advisors on Research Design and Strategies 

(CARDS).[18] CARDS are trained focus groups that advise researchers; they reflect the 

views of racial, ethnic and socioeconomic groups rarely represented in research planning or 

activities. The CARDS input and feedback provided a “patient’s perspective” that informed 

survey development. The preliminary set of survey questions were then reviewed by a 

multidisciplinary team of vascular surgery faculty, surgery residents, and health services 

researchers who provided a “professional perspective” (fig 2).

The University of Wisconsin Madison Health Sciences Institutional Review Board approved 

the finalized survey and associated protocol. The study was conducted from September 2013 

to May 2014 at the University of Wisconsin Hospitals and Clinics. The population of 

interest was vascular surgery inpatients older than 18 years and not in the intensive care unit. 

Vascular surgery nurse practitioners identified and recruited eligible participants. The survey 

was administered to each participant in a private hospital room to ensure that the subject's 

verbal responses and participation were maintained in confidence.

Statistical analysis was performed with SAS software, version 9.3 (SAS Institute Inc., Cary, 

NC). Descriptive statistics were calculated to describe survey item response. We qualified a 

cellphone as a smartphone if it had the capability to take digital pictures, carry an operating 

system capable of running downloaded applications, and connect to the internet. We created 

a composite variable for patient experience with technology (i.e. an answer of “yes” to 

having tried taking or sending a picture) and a composite variable for caregiver 

resourcefulness (i.e. an answer of “yes” to living with someone who owns a smartphone or 

having someone who could help take and send pictures with a smartphone) and used 

Fisher’s exact test to examine the relationship between these respective variables.

3. Results

Fifty of 53 recruited vascular surgery inpatients participated in the survey (94% response 

rate). Of the 50 participating subjects, half were female (n=25). The mean age was 70 years 

old (range: 41–87).

The results for patient ownership, prior experience, and access to mobile technology are 

presented in figures 3 and 4. The majority of all patients surveyed own cellphones (80%); 

23% of these cellphones were smartphones. Younger age was associated with smartphone 

ownership after controlling for gender (p=0.012). Eighteen patients (36%) were living with 
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someone who owned a smartphone. Twenty patients (40%) had tried to take a picture with a 

cell phone, and 14 patients (28%) had attempted to send a picture to someone else with a 

cell phone. Forty-five patients (90%) had a friend or family-member that could help take and 

send photos with a smartphone.

Forty-six patients (92%) reported that they would be willing to take a digital photo of their 

wound via smartphone (fig 5). Of these 46 patients, 68% reported they would take a picture 

daily, 22% every-other day, and 2% less than every-other day.

Patient experience with technology was independent of caregiver resourcefulness (p=.07). 

Out of 30 patients who did not have experience with technology, 25 (83%) had a resourceful 

caregiver. Only 5 patients (10%) did not have experience with technology and also did not 

have a resourceful caregiver.

All participants reported a willingness to answer health-related questions via smartphone 

with the following distribution: 80% were willing to answer between 7 and 9 questions, 12% 

were willing to answer 4 to 6 questions and 8% were willing to answer a maximum of 3 

questions (fig 6).

Patient’s identified several potential difficulties with regard to a mHealth approach to post-

operative wound management including logistics related to taking photos, interpretation and 

content of health-related questions, coordination with caretakers, and finding the necessary 

help to complete the smartphone module (fig 7). Patients voiced concerns about lack of 

knowledge or experience taking photos with a cellphone and potentially dysfunctional 

factors (his or her ability to properly visualize the wound-area or uncertainty about their 

“state-of-mind” after surgery). “Other” concerns about participating in an outpatient wound 

surveillance program included coordinating a mutual time with a caregiver’s schedule; many 

patients anticipated that they would need assistance performing the protocol as described in 

figure 1. Additional areas of potential concern included understanding how to incorporate 

the protocol into a daily schedule. Only one patient expressed concern about privacy 

protection during transmission of data from a smartphone to the hospital server.

4. Discussion

The high prevalence of wound complications in surgical patients and the fact that SSI 

largely develops or progresses in the outpatient setting makes transitional care coordination 

an important focus of post-operative care; and thus, organized development and 

implementation of a wound surveillance program has the potential to improve the outcomes 

of patients suffering from early post-operative wound complications.[2] In the setting of 

over 5 billion people worldwide owning a cell phone,[16] along with the computing power 

and paralleled widespread use of smartphones,[19] a mHealth-based approach to outpatient 

monitoring is inherently attractive. However there is limited data on current system and 

organizational barriers and a paucity of knowledge around essential human factors specific 

to implementation of a mHealth-based transitional care wound surveillance protocol. 

Therefore, we administered a survey to explore patients’ and caregivers’ willingness to 

utilize the associated technology.
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The success of a smartphone photo-based initiative is dependent upon patients’ and 

caregivers’ willingness to utilize smartphone technology. Our data suggest that surgical 

patients are motivated to participate in such a program. The majority (92%) of sampled 

patients were willing to take pictures of their post-operative wounds, and 68% of these 

patients were willing to perform this task on a daily basis. Furthermore, all that we surveyed 

were willing to answer basic questions about their health via a smartphone. Our findings are 

consistent with existing research demonstrating a 90% participation and compliance rate by 

dermatological patients (mean age: 30 years) for submission of digital images via email of 

skin lesions for physician review.[20] With the mean age of our surveyed cohort being 70 

years old, our results suggest that high levels of participation in image capture and 

transmission may be transferable after appropriate training in a more elderly population.

The success of a smartphone photo-based initiative is also dependent upon patients’ and 

caregivers’ reliable access and proper use of smartphone technology. Rate of smartphone 

ownership is one potential barrier with approximately 1 out of 5 patients in our cohort 

owning a smartphone. Our results are concordant with national survey data from the Pew 

Research Center, whose researchers found that only 18% of individuals 65 and older and 

39% of individuals between 55 and 64 owned a smartphone.[21] Although adults over age 

65 have the lowest rates of smartphone ownership, the number of older adults with 

smartphones is rising.[22,23] Instead of waiting for smartphone ownership levels to increase 

to an adequate level, a potential solution to the low rate of smartphone ownership in older 

patients is to allow a patient to borrow a smartphone from a family-member or a friend, or to 

provide patients with a loaned smartphone, providing access to the tools needed to 

participate in the protocol. There is the risk that without these strategies, mHealth might 

exacerbate existing healthcare disparities in patients at lower socioeconomic levels whom 

may not able to participate without such support. Furthermore, these same patients who lack 

smartphone ownership may also lack familiarity with newer technology and thus need 

considerable training to learn how to use the device. The usability of the smartphone 

application and associated protocol must incorporate evidence-based approaches in systems 

design and human factors to ensure the protocol is simple, intuitive, and patient-centered. 

Furthermore, development of the smartphone application should allow patients and/or 

caregivers to transmit digital photos seamlessly with care to avoid the complexity of opening 

multiple smartphone applications or navigating the process of uploading digital content. 

This will lower the barrier to implementation and avoid the pitfalls of believing technology 

alone will improve quality without spawning disparities in care.

Patient engagement will be critical to the success of a wound monitoring protocol. The 

current discharge process consists of a clinician describing the “warning signs” of a wound 

infection to a patient followed by instruction to seek attention if these signs should appear. 

This approach is problematic because even after routine instruction, many patients voice 

concerns of not knowing how to take care of their wound.[24] Moreover, research has 

shown that many patients do not recognize the early signs of a wound infection.[10,11] 

Promoting patient engagement may counteract these shortcomings as prior research has 

shown that engaged patients are more likely than others to participate in preventative 

practices, self-manage their conditions, and attain superior outcomes.[25,26] Consequently, 

utilization of a smartphone based protocol as a centering point for which patient engagement 
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can originate may provide a foundation for effective discharge teaching and also by default 

encourage ongoing communication between providers and patients.

Patient caregiver engagement will also be critical to the success of a wound monitoring 

protocol, particularly when caregivers are caring for older adult patients. We report that 90% 

of patients interviewed had a family member or friend that was willing to help him or her 

take daily pictures of their wound. Involving these caregivers in a monitoring protocol is 

vital because even after rigorous patient-centered instruction a subset of patients will be 

unable to take self-wound pictures owing to physical limitations. Examples include a patient 

with a below-the-knee amputation who is unable to view his stump or an elderly patient 

suffering from dementia, a condition affecting 11% of individuals age 65 and older.[27,28] 

Fortunately the prevalence of established caregiving relationships are common; in the 

United States up to 90% of dependent community-dwelling individuals with acute and 

chronic illness are provided daily care by family caregivers.[29–31] An additional concern is 

caregiver proximity; the number of caregivers who are geographically distant is rising, and 

maintaining daily image capture for individuals requiring caregiver help may not be feasible.

[32,33] Thus, creating a protocol that is both patient-centered and caregiver-centered may 

help address these unique challenges.

Practical concerns of implementing a wound monitoring protocol include provider-level 

barriers (e.g. provider buy-in, increased clinical workloads) and system-level barriers (e.g. 

disruption of the existing clinical workflow, integration of mHealth information in medical 

records). To overcome these barriers, an mHealth wound monitoring protocol design must 

employ user-centered strategies based on provider-feedback at each clinical level; they also 

must allow seamless integration of new data into established electronic health records and 

existing care processes that will facilitate care coordination across settings and promote 

efficiency. If these barriers are properly addressed, implementation of a mHealth wound 

monitoring protocol has the ability to decrease surgical morbidity while also reducing costs 

by means of decreasing patient visits, readmissions and reinterventions. The potential for a 

telemedicine-based approach is particularly appealing in an accountable care organization 

environment where hospitals are responsible for post-discharge outcomes.[34]

Another practical concern for both patients and providers is data protection.[35] Protocol 

design must ensure the upmost privacy and security within daily workflow and adhere to 

Health Information Portability and Accountability Act (HIPAA).[36] Four stages at which 

security is critical (and methods for addressing these issues) are as follows: (1) patient 

consent and training procedures (standardized protocol teaching and patient education on 

security risks), (2) smartphone security (password protection; instant transmission of the 

digital photos/data without storage on smartphone device), (3) security of transmitted photos 

and information (encryption of images/data), and (4) security once the transmission reaches 

hospital servers (digital data protection and continuous monitoring of medical record for 

tampering). Addressing these fundamental security and privacy issues will entrust patients 

and practitioners, ensuring safety of electronic health information.

As we continue researching proper development of a mHealth smartphone-based 

intervention for wound monitoring after hospital discharge, it is essential to incorporate 
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observations from our analysis with those in the field who have previously shown 

effectiveness in implementing telemedicine and technology on a large scale. For example, 

many lessons can be learned from the Veterans Affairs hospital system, which has been a 

pioneer in telemedicine and has successfully implemented numerous patient portals for over 

1.8 million individuals accessing virtual care.[37,38] The Veterans Affairs hospital system 

has also incorporated data such as serial record of vital signs and secure messaging in their 

protocols for improving diagnostic ability.[38] As future iterations of our mHealth 

smartphone-based intervention are developed and trialed, incorporating these lessons and 

technologies will enrich the care delivered to an expanding number of patients.

There are several limitations to our study. First, our survey included a small number of 

questions. The questions were created following consultation with community-dwelling 

adults as well as with health care professionals whom were mindful to minimize the 

response burden on subjects who would be taking the survey (i.e. post-operative vascular 

surgery inpatients). Nevertheless we believe these questions capture the relevant content 

needed to inform the design of a mHealth intervention to monitor wounds. Second, we did 

not explore specific barriers to implementation or potential solutions. For example, we did 

not specifically inquire about a patients’ ability to follow a standard protocol (same setting, 

same lighting, etc). Third, our sampled population may limit generalizability. The patients 

interviewed were vascular surgery patients and may not be representative of the overall 

surgical population. Our survey was administered in a tertiary care center that acts as a 

referral center for neighboring counties, and therefore may not be representative of hospitals 

absent these characteristics. Furthermore, the majority of patients, although representative of 

varying levels of socioeconomic position, were English-speaking and primarily of white 

race. Most importantly, the survey was conducted among patients who were of pre-

discharge status and may not accurately anticipate their post-discharge capabilities; although 

many of the patients interviewed had surgery previously, their responses represented a 

hypothetical situation. Lastly, only patients (rather than caregivers) were interviewed, and 

the survey results may not fully represent the capability of the “team” who will ultimately 

participate in a smartphone intervention.

5. Conclusions

In summary, a mHealth-based wound surveillance program using smartphone digital photos 

has the potential to improve the outcomes of patients who develop early post-operative 

wound complications following discharge. Our survey demonstrates that an older patient 

cohort with significant comorbidity is able and willing to adopt a smartphone-based post-

operative monitoring program. These preliminary results are encouraging regarding the 

potential mHealth has to decrease the burden associated with wound infections and 

complications, even among patient populations with significant disabilities and low rates of 

familiarity with technology.
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Figure 1. 
Conceptual model of mHealth smartphone-based intervention protocol for wound 

monitoring to promote early recognition of wound complications following discharge

Wiseman et al. Page 10

J Surg Res. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Survey: Post-operative would surveillance
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Figure 3. 
Patient ownership and access to mobile technology
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Figure 4. 
Prior experience with mobile technology
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Figure 5. 
Patients’ willingness to take a digital photograph of his or her wound using a smartphone
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Figure 6. 
Patients’ willingness to answer health-related questions using a smartphone
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Figure 7. 
Categorization of patient identified potential difficulties with regard to a mHealth approach 

to post-operative wound management

Wiseman et al. Page 16

J Surg Res. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


