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Abstract

Background—Postoperative surgical site infections (SSI) are common and costly. Most occur 

post-discharge, and may result in potentially preventable readmission and/or unnecessary urgent 

evaluation. Mobile health approaches incorporating patient-generated wound photos are being 

implemented in an attempt to optimize triage and management. We assessed how adding wound 

photos to existing data sources modifies provider decision-making.

Study Design—Web-based simulation survey using convenience sample of providers with 

expertise in surgical infections. Participants viewed a range of scenarios including surgical history, 

physical exam and description of wound appearance. All participants reported SSI diagnosis, 

diagnostic confidence, and management recommendations (main outcomes), first without, and 

then with accompanying wound photos. At each step, participants ranked the most important 

features contributing to their decision.

Results—Eighty-three participants completed a median of 5 scenarios (IQR 4-7). Most 

participants were physicians in academic surgical specialties (N=70, 84%). Addition of photos 
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improved overall diagnostic accuracy from 67% to 76% (p<0.001), and increased specificity from 

77% to 92% (p<0.001) but did not significantly increase sensitivity (55% to 65%, p=0.16). Photos 

increased mean confidence in diagnosis from 5.9/10 to 7.4/10 (p<0.001). Overtreatment 

recommendations decreased from 48% to 16% (p<0.001) while undertreatment did not change 

(28% to 23%, p=0.20) with addition of photos.

Conclusions—Addition of wound photos to existing data as available via chart review and 

telephone consultation with patients significantly improved diagnostic accuracy and confidence, 

and prevented proposed overtreatment in scenarios without SSI. Post-discharge mobile health 

technologies have the potential to facilitate patient-centered care, decrease costs, and improve 

clinical outcomes.
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Introduction

Surgical site infection (SSI) is a common post-operative complication, occurring in at least 

3-5% of surgical patients and up to 33% of patients undergoing abdominal surgery.(1–4) Of 

the estimated 500,000 SSIs in the US annually, approximately 69% occur after hospital 

discharge, placing the burden of problem recognition on patients who are often ill-prepared 

to manage SSI.(5–10) More than half of these post-discharge infections result in 

readmission, making SSI the most costly healthcare-associated infection.(7,11–13) Often 

those readmissions are non-reimbursable as SSI after procedures such as elective colorectal 

surgery, joint replacements, and hysterectomies are considered preventable conditions by the 

Center for Medicare and Medicaid Services. Additionally, recent studies suggest that 

inadequate post-discharge communication, care fragmentation, and untimely, infrequent 

follow-up contribute to these poorer outcomes.(14–16)

As providers and hospitals seek to address the gap between discharge and follow-up visits, 

many are turning to technological approaches made possible by the increasing prevalence of 

smartphones coupled with patients’ increasing interest in tracking their own health.(17–19) 

Indeed, patients and providers have both expressed interest in using mobile health (mHealth) 

tools to facilitate improved post-discharge wound tracking and several small trials have 

shown feasibility of mHealth for wound monitoring.(14,20–24) At our institution, providers 

increasingly ask patients, especially those who must travel long distances to seek evaluation 

and treatment, to email or text wound photos to enhance their follow up care. Anecdotally, 

providers believe this practice improves triage, resulting in fewer unnecessary visits and 

earlier identification of potential problems.(25) Yet, the impact on provider decision-making 

of adding wound photographs to existing clinical data has not been previously studied in the 

context of post-discharge wound monitoring.

The primary goal of this study was to assess how the addition of wound photographs 

impacts providers’ diagnostic accuracy of SSI, confidence in diagnosis, and patient 

management. Secondary goals were to assess the relationship between diagnostic confidence 
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and accuracy, and to determine which data elements providers consider most important to 

forming their diagnosis. We hypothesized that addition of wound photos would improve 

diagnostic accuracy, confidence in diagnosis, and patient management.

Methods

This study was approved by the University of Washington Institutional Review Board and 

consent was obtained electronically from all participants.

Participants and setting

Providers with experience in managing SSIs were recruited by hosting a display in the 

exhibit area at the 2015 annual meeting of the Surgical Infection Society. Follow-up 

recruitment emails were sent to the membership via listserv email. Inclusion criteria were 

English-speaking medical providers (e.g. physicians, nurses) who regularly manage SSIs. 

Those who did not complete 2 or more patient scenarios were excluded from analysis to 

filter out minimally engaged participants. Participants could complete the survey on a tablet 

at the SIS meeting exhibit area, or their own computer or mobile device at their convenience.

Survey construction

Sixteen patient scenarios were sampled from an existing database created from a prior 

prospective cohort study(26) of in-hospital SSI among open abdominal surgery patients in 

which patient wounds were systematically examined and photographed from post-operative 

day 2-21. In the original study, wounds were assessed daily for SSI using Centers for 

Disease Control (CDC) criteria.(27) The 16 scenarios were delivered to participants with 

stratified randomization so that half were SSI (superficial or deep) and half were non-SSI. 

Subsequently, within SSI cases and non-SSI cases, half were ambiguous and half were 

unambiguous diagnoses, as judged by the consensus of 3 providers on our study team (HLE, 

PS, CALA). Among the ambiguous cases, 4 were due to symptoms unsupportive of the 

diagnosis and 4 were due to a photo unsupportive of the diagnosis.

Data collection

Participants were directed to an anonymous, web-based survey delivered via the Qualtrics 

(www.qualtrics.com) platform (Figure 1). Briefly, participants gave consent and then 

provided demographics and practice characteristics. They were then asked to complete 

scenarios ad lib, suggested to complete at least four. Each scenario consisted of 2 steps. In 

the first step, participants were given details about the patient including operative data, 

demographic/risk factors, limited vital signs, and wound features, meant to replicate the 

details that might be available by looking at the patient's chart and speaking to them on the 

phone (eTable 1). At this first step, they chose up to 3 of the most important descriptive 

features for assessing SSI (of the 20 provided), then were asked to make a diagnosis (SSI/not 

SSI), rate their diagnostic confidence on a 0-10 scale (0=“not at all confident” to 10=“very 

confident”), then choose one or more management options. For the second step (on the next 

page), they were again shown the original descriptive details for the case, along with a 

corresponding wound photograph. They then were asked to choose up to 3 of the most 

important photo-related features (of 7 provided; See eTable 2), followed by the same 3 
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questions regarding SSI diagnosis, confidence, and management. Participants sequentially 

completed scenarios until they elected to end the session. For each participant, scenarios 

were selected from a pool of 16 using stratified randomization to ensure that each participant 

received a balanced 1:1:1:1 mix of unambiguous SSI, ambiguous SSI, unambiguous non-

SSI, and ambiguous non-SSI. Additionally, across all participants, each scenario type was 

presented in equal proportions using this feature of the Qualtrics randomizer. Participants 

were blinded to the actual diagnosis of SSI and proportion of patients with SSI in their set of 

scenarios.

Data analysis

Participant-level data—Demographics and practice characteristics were summarized 

using counts and percentages for categorical data, means and standard deviations for 

normally-distributed continuous data, and medians and interquartile ranges for non-normally 

distributed continuous data. Correlations between participant characteristics and percentage 

of scenarios correct (both with and without photos) were tested using Pearson's correlation 

coefficient.

Scenario-level data—Changes in diagnostic accuracy, confidence and management were 

analyzed with scenarios, rather than participants, as the primary unit of analysis. SSI and 

non-SSI scenarios were analyzed separately. When analyzing change due to addition of 

photos (e.g. of diagnostic accuracy or confidence), paired tests for significance were used: 

Wilcoxon Signed Rank test for ordinal variables (e.g. confidence) and McNemar's test for 

binary variables (e.g. diagnostic accuracy). McNemar's exact test was used if there were 

fewer than 20 discordant pairs. When evaluating change in management, we defined 

undertreatment of SSI cases as not receiving a recommendation for ED visit, next day clinic 

visit or antibiotics, and overtreatment of non-SSI cases as receiving a recommendation for 

ED visit, next day clinic visit or antibiotics. Data was exported from Qualtrics survey 

platform into Stata (Stata v13, StataCorp LP) for analysis. Data visualizations were created 

in Microsoft Excel 2013. P-values of 0.05 or less were considered significant.

Results

Participant-level data

Of 137 providers who initiated the study, 54 were excluded due to completion of less than 2 

scenarios, leaving 83 providers included in analysis. Participants tended to be male (63%), 

surgical specialists (84%), holding MD degrees (87%), and practicing in an academic setting 

(78%) (Table 1). Most (57%) do not report currently receiving wound photos from patients. 

Addition of photos improved participants’ median accuracy from 67% to 75%; participants 

in the 25th percentile improved from 50% to 66% correct. There was no correlation between 

accuracy and level of training, years in practice, time taken per scenario, number of 

scenarios completed, or screen size (all p>0.3).

Scenario-level data

Diagnostic accuracy and predictive values—Mean diagnostic accuracy across all 

scenarios improved from 67% to 76% (p=0.0003) with photos. This improvement was 
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driven in large part by increased accuracy among the “ambiguous” non-SSI scenarios (Table 
2).

Specificity and positive predictive value improved (p<0.001) with addition of wound photos. 

Overall, sensitivity for remote diagnosis of SSI using symptom report and wound photos 

was moderate (62%) and specificity was high (91%).

Diagnostic confidence

Over all scenarios, mean confidence increased from 6.1 to 7.5 (p<0.001) and increased in all 

four individual scenario groups (p<0.001). Participants with incorrect answers had lower 

confidence levels than those with correct answers, with and without photos (Table 2).

Participants who had the correct diagnosis both with and without photo or who changed 

their diagnosis to the correct diagnosis after viewing the wound photo (left half of Figure 2) 

had the largest increases in confidence (1.5-2 units on a 0-10 scale). Participants with 

incorrect initial diagnoses or who changed their diagnosis from correct to incorrect had 

smaller increases (0.5-1 units) in confidence.

Management

Addition of photos decreased management recommendations for next day clinic visits (32% 

vs 8%, p<0.0001) and increased reassurance among patients without SSI (34% vs 72%, 

p<0.0001)(Figure 3). Among patients with SSI, more antibiotics were prescribed (5% vs 

17%, p<0.0001), but recommendations for ED visits, next day clinic, and reassurance 

remained similar. Relatively few participants were interested in continuing to receive 

symptom reports (~10%) or photos (~15-20%) after initial diagnosis, even among patients 

with suspected SSI.

Figure 3 also shows the effect of addition of photos on undertreatment of SSI cases (i.e., not 
receiving a recommendation for ED, next day clinic or antibiotics) and overtreatment of non-

SSI cases (i.e., receiving a recommendation for ED, next day clinic or antibiotics). 

Overtreatment among non-SSI patients decreased from 40% to 14% (p<0.0001) with the 

most significant drop occurring among unambiguous non-SSI cases (31% to 5%, p<0.0001). 

Assuming a post-discharge SSI rate of 15%, the number needed to treat (NNT) to prevent 

overtreatment would be 4.5. There was a trend toward less undertreatment of ambiguous SSI 

cases (38% to 30%, p=0.19; NNT=83). Generally, both groups received treatment that was 

either similar or more appropriate, with the addition of photos.

Key descriptive features

Among the 20 non-photo related features (i.e., items communicated in words) presented, 

participants indicated that the following were most important (with % of scenarios where 

participants ranked the element among the top 3): Skin color (62%), discharge type (43%), 

body temperature (29%), induration (29%), discharge amount (28%), wound class (20%), 

wound pain (16%), type of surgery (14%), heart rate (11%), and surgery duration (10%). 

These features did not significantly vary by type of scenario (i.e., SSI vs non-SSI), 
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suggesting they help to both rule in and rule out SSI. Of the 20 data elements presented, the 

lowest ranking (ranked important in <10% of cases) were: diabetes, wound edge separation, 

American Society of Anesthesiologists score, body mass index, emergency surgery, post-

operative day, smoking, age, wound odor, and sex.

Among the 7 photo-related features (i.e., items visualized by participants in actual wound 

photos), participants again indicated skin color to be most important (86%), followed by 

swelling (54%), discharge (49%), wound color (36%) and wound separation (27%).

Discussion

Providing wound photos significantly increased diagnostic accuracy and confidence in the 

diagnosis of SSI following abdominal surgery. Further, in this simulated-based survey of 

providers, the addition of photos changed management decisions, most notably in decreasing 

overtreatment among patients without SSI. Participants recommended fewer next day clinic 

visits with more reassurance for patients without SSI. In addition, participants recommended 

more antibiotics for patients with SSI. Skin color around the wound was ranked as the most 

important symptom in diagnosing SSI, both as reported by patients over the phone and as 

visualized in photographs by participants.

Several previous studies have evaluated the use of digital photography in assessing inpatient 

wound infection in laparotomy (28) and vascular surgery wounds.(29,30) Our results were in 

line with these studies, with sensitivities for diagnosing SSI tending to be lower (42-71%) 

and specificity tending to be higher (65-97%). In these studies, accuracy was lower in 

remotely assessing symptoms, but was generally higher when making remote management 

decisions. In other words, remote assessors may not correctly assess whether a wound is red, 

but they frequently identify what, if any, intervention is necessary. In both vascular wound 

studies, the authors found that remote agreement was comparable to in-person agreement, 

suggesting that diagnosis of SSI can be reliably done remotely.

Our study results suggest that photos increase diagnostic confidence across the board, even 

in incorrect diagnoses. However, we found a dose-response relationship (see Figure 2) 

whereby participants who arrived at the correct diagnosis had significantly larger increases 

in confidence than those who arrived at incorrect diagnoses. Diagnostic confidence in 

remote assessment of wounds has been previously reported by Wirthlin et al.(29) The 

participants’ confidence in that study tended to be higher (8.2-9.8/10) compared to our 

results (mean 7.5/10 with photos), though what diagnostic confidence “level” is needed to 

impact management is unclear. Furthermore, the effect of diagnostic confidence in clinical 

practice is unclear, but would be expected to serve as a mediator between the provider's 

“hunch” and the likelihood of that provider making a definitive management 

recommendation. In our study, this was manifested though increased reassurance (and fewer 

clinic visits) among patients without SSI.

This work has several limitations; first, the original patient data on which we based our 

scenarios was derived from a cohort of primarily Caucasian open abdominal surgery 

inpatients in the Netherlands with a median length of stay of 12 days. We sought to select 
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patients who were representative of post-discharge surgical patients in the US (i.e. only post-

operative days 6-14 were included in scenarios based on median length of stay in the US of 

5-6 days (31,32)); however, our results might not be generalizable to patients who didn't 

undergo open abdominal operations, or who have darker skin tones. Second, the photos and 

wound data used in this study were collected by research team members and not patients 

themselves. As such, it should be regarded as “gold standard” data. Photos and wound data 

entered by patients or their caregivers may be less helpful for providers due to variability in 

quality and subjectivity. Third, our participant sample was primarily academic surgeons with 

most being members of the Surgical Infection Society; our sample was underpowered to 

detect differences based on training, specialty, or expertise, meaning that our results may not 

be generalizable to providers in other settings. Fourth, our study design may have suffered 

from anchoring bias—each scenario showed the wound photograph after an initial decision 

about diagnosis and treatment was already made, making it easier for the photo to reinforce 

the decision rather than contradict it. This would be expected to skew participants toward the 

null hypothesis, or not changing their initial diagnosis, and lends further validity to the value 

of wound photos at improving diagnosis. Finally, we stratified our scenarios on a number of 

dimensions that are not epidemiologically representative of SSIs in practice, e.g. we 

oversampled SSI (50% of scenarios). This results in a biased estimate of positive and 

negative predictive values, but not sensitivity and specificity. Based on the population that 

our scenarios were drawn from and other literature,(1–4) we estimate the prevalence of post-

discharge SSI to be 5-15% following open abdominal surgery. Since addition of photos in 

our study most enhanced diagnosis and management among patients without SSI, it is likely 

that when photos are included in a more epidemiologically representative population, 

diagnostic accuracy would increase to an even greater extent.

Conclusions

Addition of wound photos to existing data as available via chart review and telephone 

consultation with patients improved diagnostic accuracy and confidence, and prevented 

overtreatment with potentially beneficial effects on utilization. Mobile health technologies to 

capture wound photos and other key data from patients during the post-discharge period 

have the potential to facilitate patient-centered care, reduce costs, and improve clinical 

outcomes. Our team is proceeding in developing and evaluating such a system—the mobile 

post-operative wound evaluator (mPOWEr). Future work should empirically assess the 

impact of implementing such technologies on outcomes relevant to patients, providers, and 

health systems.
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Abbreviations

SSI surgical site infection

mHealth mobile health

CDC Centers for Disease Control
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Figure 1. 
Study design overview. Red circles denote steps/pages participants encountered. Scenarios 

were selected for participants using stratified randomization from a pool of 16 (bottom). In 

steps 3 and 4, participants are first presented with a clinical scenario without photo (Step 3), 

then the same scenario with a wound photo (Step 4). The same questions are asked at both 

Step 3 and 4. SSI, surgical site infection.
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Figure 2. 
Mean change in confidence by category of answer change. For example, “Wrong→Right” 

represents participants who changed their incorrect diagnosis to a correct diagnosis after 

viewing the wound photo. Error bars represent 95% CI.
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Figure 3. 
Management decisions with and without photos in surgical site infection (SSI) and non-SSI 

scenarios. Secondary axis (right offset) shows undertreatment among SSI scenarios (left 

half) and overtreatment among non-SSI scenarios (right half). Undertreatment is defined as a 

patient with SSI who was not advised to go to emergency department (ED), next-day clinic 

visit, or prescribed antibiotics. Overtreatment is defined as a patient without SSI who was 

advised to go to ED, next-day clinic visit or prescribed antibiotics.
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Table 1

Participant Characteristics

Factor, level Value

n 83

Level of training, n (%)

    MD 72 (87)

    ARNP/PA 2 (2)

    RN 7 (8)

    Other 2 (2)

Specialty, n (%)

    Surgery 70 (84)

    Infectious disease 7 (8)

    Other 6 (7)

Practice setting, n (%)

    Academic 65 (78)

    Community 17 (20)

Sex, n (%)

    Male 52 (63)

    Female 31 (37)

Years in practice, mean (SD) 15 (12)

Wound photos seen per mo, median (IQR) 0 (0-2)

Surgical site infections managed per mo, median (IQR) 4 (2-5)

Age, y, mean (SD) 42 (13)

Time taken for survey, min, median (IQR) 15 (11-22)

No. of scenarios completed, median (IQR) 5 (4-7)

Screen size, n (%)

    Smartphone 19 (23)

    Tablet or larger 62 (77)

Scenarios (without photo) correct, %, median (IQR) 67 (50-80)

Scenarios (with photo) correct, %, median (IQR) 75 (66-92)

J Am Coll Surg. Author manuscript; available in PMC 2018 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sanger et al. Page 14

Table 2

Accuracy, Confidence, and Test Characteristics, Without and With Photos

Without photo With photo p Value

Accuracy, numerator/denominator (%)

    SSI 75/122 (61.5) 74/115 (64.3) 0.24

    SSI (ambiguous) 65/128 (50.8) 73/121 (60.3) 0.13

    Not SSI (ambiguous) 86/128 (67.2) 105/123 (85.4) <0.001

    Not SSI 94/103 (91.3) 97/99 (98.0) 0.109

    Overall 320/481 (66.5) 349/458 (76.2) <0.001

Confidence, mean (SD), 0-10 scale

    SSI 5.8 (1.6) 6.7 (1.9) <0.001

    SSI (ambiguous) 5.9 (1.8) 7.2 (1.9) <0.001

    Not SSI (ambiguous) 5.8 (2.1) 7.6 (1.9) <0.001

    Not SSI 6.3 (1.8) 8.4 (1.6) <0.001

    Correct diagnosis (SSI) 6.1 (1.7) 7.2 (1.8) <0.001

    Incorrect diagnosis (SSI) 5.7 (2.9) 6.7 (3.4) <0.001

    Correct diagnosis (not SSI) 6.3 (1.8) 8.3 (1.7) <0.001

    Incorrect diagnosis (not SSI) 6.0 (2.7) 6.6 (2.1) 0.82

    Overall 6.1 (1.8) 7.6 (1.9) <0.001

Test characteristics, %

    Sensitivity 56.0 62.3 0.16

    Specificity 77.9 91.0 <0.001

    Positive predictive value 73.3 88.0 <0.001

    Negative predictive value 62.1 69.4 0.06

SSI, surgical site infection.
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eTable 1

Details Provided To Providers At First Step (Without Photo)

Operative

    Type of surgery Categorical

    Emergency surgery Binary

    Wound class Categorical

    Surgery duration Continuous

    ASA score Categorical

Demographics/risk factors

    Sex Binary

    Smoker Binary

    Age Continuous

    Diabetic Binary

    BMI Continuous

Vitals

    Pulse rate Continuous

    Morning temperature (tympanic) Continuous

Wound

    Postoperative day Continuous

    Type of discharge Categorical

    Amount of discharge Categorical

    Odor Binary

    Skin color at wound edge Categorical

    Induration/swelling Categorical

    Wound pain 0-10 scale

    Wound edge separation Continuous

Participants chose 3 of these 20 details as most important for decision-making (surgical site infections vs no surgical site infection) for each 
particular scenario.
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eTable 2

Choices Offered about which Photo-Related Elements Were Most Important for Decision-Making (Surgical 

Site Infection vs No Surgical Site Infection) for Each Particular Scenario

Discharge

Skin color around wound

Wound color

Swelling/induration

Slough

Wound separation

Granulation
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