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Background

Surgical site infection (SSI) is a devastating complication, 
associated with increased mortality and morbidity, as well 
as distress, pain and suffering (Tanner et al., 2012). Patients 
with SSI are five times more likely to be readmitted to hos-
pital and cost the global economy billions (World Health 
Organization [WHO], 2016). Additionally, SSI may result 
in litigation, impact on public perception of care and/or 
impact on hospital reputation (Birgand et al., 2013). For 
these reasons, SSI are considered a significant quality and 
cost control metric for clinicians, hospitals and policy/strat-
egy makers (Merkow et al., 2015).

Importantly, approximately 60% of SSI appear after the 
cardiac patient leaves hospital (Woelber et al., 2016), typi-
cally presenting within first two weeks (Sanger et al., 
2017). This is reflected in the national surveillance data on 
sternal SSI. Public Health England ([PHE], 2013) protocol 
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Abstract

Background: Surgical site infection (SSI) is a costly and devastating complication of surgery. Many cardiac SSIs develop 
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records superficial sternal SSI up to day 30 and deep or 
organ-space SSI up to one year, as sternal wires are consid-
ered implants requiring extended period of surveillance due 
to presence of foreign material. The PHE data suggests that 
1.7% of coronary artery bypass graft (CABG) patients are 
readmitted with sternal SSI (323/18,491, April 2014 to 
March 2017 CABG module) (Figure 1).

The occurrence of post-discharge infection may be due 
to the time it takes for bacteria to elicit host response (i.e. 
signs of infection to appear) (Weston, 2010), delay in seek-
ing treatment, and/or as a result of the fragmented commu-
nication shared between acute and community care (Clinton 
and Obama, 2006), all of which could lead to potentially 
avoidable readmission (Sanger et al., 2017).

However, evidence for patient education on reducing 
SSI risk is lacking (National Institute for Health and Care 
Excellence [NICE], 2013). An Australian randomised con-
trolled trial reported that patients who received verbal and 
pictorial education on SSI, over-reported infections as 
compared with the non-educated group (Whitby et al., 
2007). The practical implication of the study was to keep 
patient-reported SSI distinct from ‘standard’ SSI surveil-
lance data of detection on primary admission or on re-
admission. Readmission rates for SSI were not considered 
in the Whitby study and information on patients readmitted 
was not provided. A primary driver for the Photo at 
Discharge (PaD) is to improve the quality of information 
given to patients and carers on infection prevention and 
assistance to monitor for wound change.

An example of PaD is provided in Figure 2. Each patient 
receiving a colour picture of their surgical wound on the 
day of discharge, as distinct from generic information gen-
erally given on SSI prevention. PaD is a practical tool to 
help determine whether the wound is improving or deterio-
rating, potentially helping to persuade patients to take 

action if wound deteriorates (Coleman et al., 2004; Trimble, 
2016). We have previously reported positive patient feed-
back on the scheme and used a quality improvement 
approach to demonstrate a reduction in readmission SSI in 
CABG and general cardiac patients (Rochon et al., 2016).

The aim of this observational cohort study was to use 
propensity score (PS)-matching to compare outcomes of 
those who received the PaD with a similar group of patients 
who did not receive the intervention and determine if PaD 
reduces readmission for SSI and inform our clinical prac-
tice. PS matching creates matched sets of treated and 
untreated individuals with similar PS values and reduces 
selection bias (Austin, 2011).

Methods

This study comprised a retrospective analysis of a prospec-
tively collected cardiac surgery data (PATS; Dendrite 
Clinical Systems, Ltd, Oxford, UK) as well as continuous, 
active surveillance data of cardiac surgical patients at one 
hospital site.

Between January 2013 and December 2016, data from 
1757 CABG surgery (i.e. no additional surgical procedure) 
adult patients were collected for the PaD, a registered qual-
ity improvement project with the Trust. All CABG-only 
cases were included. The study was approved by the insti-
tutional ethics committee and informed consent was 
waived for this study due to its retrospective nature; how-
ever, consent for PaD was obtained from all patients who 
received the intervention. The data for all measured base-
line covariates were collected and reported in accordance 
with the Society for Cardiothoracic Surgery in Great 
Britain & Ireland database criteria. Patients in the control 
group did not receive PaD for one of the following rea-
sons: the intervention was not available (staff not trained), 
patient declined intervention, (three patients) or technical 
difficulties (photo could not be taken and/or uploaded to be 
given to the patient). The data on SSI were gathered pro-
spectively via continuous surveillance process, by trained 
surveillance nurses using the PHE surveillance protocol 
for sternal SSI (PHE, 2013)

As advised by Olmos and Govindasamy (2015), we 
assessed the crude data using an outcome model based on 
the treatment variable only (t test). Next, ten operations 
were removed from 1757 CABG operations due to missing 
variables (Rankin, 2014). We used a logistic regression 
model to estimate PS associated with PaD at primary dis-
charge versus no PaD on primary discharge as dependent 
variable and all covariates as independent variables. 
Twelve variables of interest were identified as relevant to 
CABG SSI (Korol et al. 2013) (listed in Table 1) and 
checked using multiple regression; the final model 
included all the variables (significant and non-significant) 
(Olmos and Govinasamy, 2015).

Figure 1. Time (days) to onset of SSI for sternal SSI, 
CABG surgery.
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PS matching analysis was performed using R (http://
CRAN.Rproject.org/package=nonrandom) and MatchIt 
package (Ho et al., 2011). PS matching was performed 
using the ‘nearest neighbour’ matching algorithm with a 
specified calliper distance of 0.25 and a 1:1 ratio of unex-
posed to exposed without replacement. Next, the character-
istics of excluded cases were checked to ensure the matched 

sample was representative. Following on from this assur-
ance, the distribution of propensity scores for each group 
was examined for balance. The quality of the match was 
assessed by comparing selected variables in PS — matched 
patients using the standardised mean difference (SMD), by 
which an absolute standardised difference > 10% is sug-
gested to represent meaningful covariate imbalance 

Figure 2. Example of Photo at Discharge (PaD).
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(Normand et al., 2001). As SSI readmission is a binary out-
come, we used relative risk and confidence interval to 
measure the association from the structure, and finally we 
calculated Number Needed to Treat (NNT).

Results

A total of 568 CABG patients who received PaD on the day 
of discharge were matched with 568 CABG patients without 
PaD. Potential confounders were assessed. Variables in the 
treated and control units were almost identical and p values 
demonstrated that differences were not significant. Figure 3 
shows that most of the non-matched individuals were in the 
lower part (0.1–0.4) of the propensity scores, with none in 

the higher range (⩾ 0.5). Figure 4 (graphical approach) and 
Table 1 (statistical approach) shows that all the critical vari-
ables have been balanced, i.e. the matched sample had 
standardised differences for each covariate < 0.10. Thus, the 
study design is adequately specified. Without assuming nor-
mal distribution, the paired dependent data were confirmed 
as non-significant using McNemar’s test for sensitivity 
analysis and the null hypothesis was accepted for the 
matched data structure (Austin, 2011).

In this matched sample, two PaD participants and ten 
non-PaD participants were readmitted for confirmed sternal 
SSI as per PHE protocol. The probabilities of SSI readmis-
sion were 0.00352 (2/568) and 0.01761 (10/568), respec-
tively. The absolute reduction in the probability of sternal 
SSI readmission following CABG was 0.01408. There was 
a significant difference in risk of readmission for SSI (rela-
tive risk = 0.2, 95% confidence interval [CI] = 0.04–0.91). 
This suggests that PaD reduced the risk of SSI readmission 
by 80% and that this was statistically significant (p = 0.037). 
The NNT, the reciprocal of the absolute risk reduction, was 
71. Thus, 71 patients would need to receive PaD in order to 
avoid one SSI readmission. This analysis suggests that the 
provision of PaD reduced readmissions for sternal SSI in 
CABG patients at our hospital site.

Discussion

We have used PS matching on observational data to esti-
mate or infer a causal effect and our findings suggest that 

Table 1. Unmatched and matched variables with standardised mean difference.

Variable

Unmatched Matched

PaD (n = 568) No PaD (n = 1179) SMD No PaD (n = 568) SMD

Vein (mean (SD)) 1.07 (0.42) 1.15 (0.42) 0.205 1.07 (0.39) 0.004

Gender (mean (SD)) 0.17 (0.38) 0.18 (0.38) 0.019 0.17 (0.37) 0.014

Age, years (mean (SD)) 65.34 (10.19) 65.73 (10.30) 0.038 65.38 (10.63) 0.004

Diabetes (mean (SD)) 0.79 (1.12) 0.72 (1.09) 0.057 0.77 (1.12) 0.017

Smoking (mean (SD)) 0.74 (0.67) 0.76 (0.63) 0.022 0.78 (0.63) 0.052

Emergent surgery (mean (SD)) 0.45 (0.55) 0.45 (0.56) 0.006 0.45 (0.57) <0.001

Renal function (mean (SD)) 0.58 (0.67) 0.55 (0.64) 0.035 0.57 (0.64) 0.008

CPB (mean (SD)) 0.61 (0.49) 0.71 (0.46) 0.208 0.61 (0.49) 0.004

IMA (mean (SD)) 1.13 (0.61) 1.12 (0.47) 0.018 1.11 (0.43) 0.027

BMI (mean (SD)) 0.12 (0.32) 0.11 (0.31) 0.03 0.11 (0.32) 0.011

DurOp, min (mean (SD)) 221.62 (63.88) 238.97 (69.91) 0.259 223.96 (65.00) 0.036

Stay, days (mean (SD)) 9.53 (7.49) 10.16 (7.74) 0.083 9.77 (6.53) 0.034

SMD, standardised mean difference; vein, open or endoscopic vein harvest; CPB, cardiopulmonary bypass; IMA, internal mammary arteries; BMI, 
body mass index; DurOp, duration of operation; Stay, length of primary hospital stay.

Figure 3. Distribution of propensity scores.
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PaD at the time of discharge (CABG primary admission)
reduces the risk of readmission for SSI. Important consid-
erations in this study are that the PS model had been ade-
quately specified, that there was sufficient overlap between 
the two groups and that there were no systematic differ-
ences in the distribution of covariates between the groups, 
as assessed by the standardised difference and graphical 
methods (Austin, 2011). The model was developed inde-
pendently of the outcome (SSI readmission) (Olmos and 
Govindasamy, 2015). We have included baseline variables 
which do not affect exposure (and are not influenced by it) 
but which empirical evidence suggests affect outcome.  
This approach aims to reduce selection bias and over-esti-
mating the treatment effect (Austin, 2011). We have 
attempted to determine all the reasons why participants 
may or may not have received PaD to achieve as full an 
account as possible in order to include variables for CABG 
SSI before undertaking PS matching.

This analysis supports our previously published work on 
PaD which suggested that patients find having the photo 
reassuring (it increases their confidence in caring for the 
wound) and that the photo is used to help determine 
changes/prompt action (Rochon et al., 2016). Our audit 
data suggest that the majority of patients find the scheme 
useful. In addition, we obtained general practitioner (GP) 
feedback from GPs: 95% of GPs (18/19) said that PaD was 
useful and 36% of GPs (7/19) indicated that PaD may help 
them with decision-making for antimicrobial therapy (reg-
istered audit, CIRIS Project ID:002197).

It may be difficult for patients with a median sternotomy 
to view the length of their wound while in hospital, either 
due to a lack of full length mirrors and/or the increasingly 
frequent practice of covering the wound up to day 5 (car-
diac patients typically have some degree of exudate due to 
increase fluid weight gain up to day 4) or discharge. A 
photo and accompanying electronic assessment can be 
reviewed with the nurse at the time of discharge and 
explained so that the patient is familiar with the wound 
appearance and assessment (for example, please see Web 
appendix 1). Elsewhere, we have reported the importance 
of quality control and monitoring of the photos to ensure 
usability and quality of the images (Rochon et al. 2017). 
Multiple studies suggest that photos can help to accurately 
identify SSI and more so in excluding SSI (Engel et al., 
2011; Murphy et al., 2006; Sanger et al., 2017; Saunders 
et al., 2016; Wirthlin et al., 1998; Wiseman et al. 2015). 
Interestingly, from the studies the wound characteristic 
most difficult to accurately identify in photos is redness/
erythema. It may be that without in-person assessment, it is 
difficult to assess skin temperature or induration (Wirthlin 
et al., 1998). Wiseman et al. (2015) suggest that this may be 
due to pre-existing skin appearance, including dependent 
rubor, normal discolouration of healing process or venous 
statis changes. We postulate that a baseline photo (i.e. at 
discharge) may help to reduce this difficulty.

SSI prevention strategies need to consider their role in 
reducing avoidable demand for emergency admissions 
(NHS England, 2014), as well as demonstrate their impact 

Figure 4. Absolute standardised differences for baseline covariates.
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on quality and productivity within the Getting It Right the 
First Time (GIRFT) programme. However, a systematic 
review in 2011 identified multiples challenges in reducing 
30-day re-admission (Hansen et al, 2011). Sanger et al. 
(2017) suggest that patients report that they are poorly 
served by standard discharge advice to identify wound con-
cerns. PaD is a simple idea which aims to address the insuf-
ficient information on SSI and inadequate post-discharge 
information on the wound (Pieper et al., 2007; Seaman and 
Lammers, 1991; Tanner et al., 2012) and instead capitalise 
on the pivotal role the patient plays in SSI prevention 
between acute and community care.

This work has several important limitations. First, the 
work arises from a single hospital site and this may impact 
on the generalisability of the findings. PS matching does 
result in a loss of sample size: 35% of the total sample were 
not matched due to the total number of patients with PaD. 
However, we did not have a sample size several times 
larger than the number of individuals in the PaD group to 
increase the matching (m-to-1 matching). We are reassured 
that < 1% of analytic sample was excluded due to missing 
values on covariates but in future, multiple imputation 
methods will be explored to minimise the impact of miss-
ing data. Although our surveillance programme has con-
tinuously and prospectively collected SSI identified on 
readmission, we do not collect data on patient-reported SSI 
as our experience suggests this approach does not signifi-
cantly alter our SSI rates (Rochon and Morais, 2013). We 
are unable to determine how much the change in rate of 
readmission for sternal SSI was influenced by changes in  
surgical technique or practice, prompted by the knowledge 
that the photo would be taken following the surgery. Web 
appendix 2 and Web appendix 3 demonstrate trends which 
can be detected with PaD).There may be unmeasured con-
founders not taken into account and this can affect the accu-
racy of causal relationships. Smith et al. (2000) point out 
that there are still gaps in knowledge as to how microbes 
cause SSI, as many of the SSIs which develop after dis-
charge do not always reflect traditional risk factors. Finally, 
retrospective analysis is no replacement for randomised 
control trial. We have attempted to draw from a reasonable 
time period (three years) to appraise the performance of the 
PaD intervention.

In this study, we have estimated the PS using logistic 
regression before using a matching algorithm. Covariate bal-
ance was assured via two methods (observationally and 
using standardised absolute difference), and from the 
matched data we were able to estimate the treatment effect 
using relative risk and accompanying confidence intervals. 
To our knowledge, this study is unique in its analysis of PaD.

NICE guidance (74) and accompanying Quality Standard 
(49, statement 5) recommend that patients and carers are pro-
vided with information on their wound and wound care, signs 
and symptoms, and appropriate contact details to report con-
cerns. Wiseman et al. (2015) suggest that the use of wound 

images is transitioning ‘from informal clinical communica-
tion to becoming part of the standard care’. Our study sug-
gests that a colour picture of the patient’s own surgical wound 
at the time of discharge helps to provide a baseline for moni-
toring, which contributes to a reduction in severity and dura-
tion of SSI.

Conclusion

PaD is a novel strategy to reduce avoidable non-elective 
readmissions for SSI in the health service and organisation. 
Our findings suggest that the PaD is associated with a 
reduction in CABG readmission for SSI. However, a fur-
ther study is needed to investigate how the PaD is used in 
the community if it contributes to antibiotic stewardship 
and if these results can be replicated in other patient groups.
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