
Postoperative wound surveillance using 
patient smartphones: Learning from a 
large London maternity service  

Caesarean sections (C-sections) are the 
most commonly performed obstetric 
operations worldwide (Jauniaux and 

Grobman, 2016). Maternal and infant safety 
has improved considerably due to this surgical 
approach (Ranaei-Zamani et al, 2024); 
however, after surgery, there is a risk of surgical 
site infection (SSI). Mojtahedi et al (2023) 
reported that the pooled global incidence 
of post-C-section SSIs was 5.63%, ranging 
from 1.1% in Denmark to 27.1% in Tanzania. 
The researchers found the most frequently 
associated pathogens were Staphylococcus 
aureus and Escherichia coli (Mojtahedi et 
al, 2023). Most SSIs are superficial incisional 
infections, affecting the skin and subcutaneous 
tissue. More serious infections, such as 
endometritis, affect approximately 2-16% of 
women after a C-section (Kawakita and Landy, 
2017). More than a decade ago, a prospective 
cohort study in England found that almost 
one in ten women developed an SSI after a 
C-section, and 0.6% required readmission 
(Wloch et al, 2012). The annual cost of C-section 
SSIs is estimated at £5 million, although this 
figure is likely to be higher (Guest et al, 2023).

SSIs can significantly compromise patient 
outcomes, leading to increased morbidity, 
prolonged hospital stays, and increased 
healthcare costs (World Health Organization, 

2018). Furthermore, SSIs can negatively 
impact the psychological and emotional 
wellbeing of new mothers, potentially affecting 
mother–infant bonding and increasing the 
risk of postpartum depression and anxiety 
(O’Dea et al, 2023). This highlights the 
need for prevention to minimise infection 
rates and enhance recovery outcomes. 
Surveillance is considered an evidence-based 
approach to reducing SSIs. It involves the 
ongoing, systematic collection, analysis, and 
interpretation of health data, and facilitates 
providing feedback to key stakeholders (UK 
Health Security Agency [UKHSA], 2013).

Guy’s and St Thomas’ NHS Foundation 
Trust (GSTT) is a large, tertiary hospital in 
Central London. The maternity service delivers 
over 6,000 babies each year (Care Quality 
Commission, 2022), with a C-section rate of 
approximately 49% (April 2023–March 2024 
internal data). Post-discharge surveillance 
(PDS) commenced in 2010. It consisted of 
using postal questionnaires and telephone 
surveys, resulting in a response rate of 91.5% 
for the highest performing quarter in 2019 
(Jakes et al, 2020). However, the unpublished 
PDS rates for the full calendar year in 2019 
and 2020 were much lower at 53% and 
59.8%, respectively. Post-Covid, only postal 
questionnaires continued, and the patient 
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response rate fell to 37.7% (848/2420), with 
monthly rates ranging from 18.7% to 41.5% 
(Morais, 2022).

In April 2022, a new digital post-discharge 
surveillance was introduced via Isla 
Care Limited, using patient smartphones 
(Alwis et al, 2022). The aim of this retrospective 
study was to evaluate the post-discharge 
surveillance program, to determine success in 
patient response rates using their smartphones 
after C-section surgery, identify gaps in the 
uptake of remote digital wound monitoring 
based on patient demographics and 
provide information on healing outcomes in 
the community.  

Methods
Surveillance
Image-based surveillance using patient 
smartphones was introduced at Guy’s and St 
Thomas’ NHS Foundation Trust in the maternity 
service (C-section) in April 2022 through 
Isla Care Limited (‘Isla’). Isla is a secure, 
browser-based digital health intervention 
used for remote post-surgical monitoring. 
The patient questionnaire was based on a 
modified UKHSA ‘Surgical Wound Healing Post 
Discharge Questionnaire’ (Rochon et al, 2023).  
All surveillance activities were conducted under 
strict ethical guidelines to ensure the protection 
and privacy of patient data. Appropriate 
permissions were obtained.

Outcome measures
Response rates
Once at home, participants receive weekly 
invitations to submit information about their 
wounds in response to pre-programmed SMS 
text messages. Patients/nominated carers 
were also able to provide information between 
scheduled requests if they observed any 
changes in their wound. Patient engagement 
was defined as at least one patient submission 
to the Isla platform up to 30 days after 
their operation.

Sub-analysis – patient characteristics
Between January and August 2023, data on 
patients who responded or did not respond 
was collected from Isla, along with information 
on patient characteristics. This data was 
collected from Badgernet (Client Version 
3.0.3.0), and included age, body mass index 
(BMI), diabetic status, smoking status, operative 
urgency and average distance (one-way) 
from hospital. Data on ethnicity and Index 
of Multiple Deprivation (IMD) were obtained 
from NHS England Hospital Episode Statistics 
(HES). Baseline characteristics were presented 
descriptively by group, using t-tests for 

continuous variables, and chi-squared tests 
for categorical variables. For IMD and ethnicity, 
further testing using Multiple Log regression 
was performed, using R Version 4.2.1. For the 
purposes of this study, statistical significance 
was established at a p-value <0.05.

Patient-reported surgical site infection 
PDS SSIs were classified according to 
the definitions provided by the UK Health 
Security Agency (UKHSA). The criteria for 
patient-reported SSIs are as follows: presence 
of pus discharge and antibiotics; two clinical 
signs of inflammation and antibiotics; or 
two or more clinical signs of inflammation 
accompanied by wound dehiscence.

Patient-reported antibiotics for the wound
Patients were asked: ‘Since leaving the hospital, 
have you received new antibiotics for your 
wound?’ Responses were categorised as 
follows: ‘Yes (currently receiving)’ – these were 
included in the antibiotic data and counted 
only once. Responses of ‘Yes (now completed)’ 
and ‘No’ were excluded from the antibiotic 
data count.

Patient reported surgical wound dehiscence 
Patients were asked to report if any part of the 
wound edges had separated or gaped open. A 
‘Yes’ response was counted once. Responses of 
‘No’ or unanswered queries were consistently 
excluded from the SWD data.

Results
Between April 2022 and March 2024, 
5,845 women were eligible for post-discharge 
surveillance. A total of 5,677 were enrolled 
on the Isla wound monitoring programme – 
178 women were not enrolled (5 as there was 
no contact number, and the remainder due to 
technical issues with either issues with the new 
electronic patient record [EPR] system or the 
Isla upload process). A total of 4,038 women 
submitted information on wound healing 
after C-section in the community using their 
smartphones (no standard equipment or 
calibration stipulated). 

Sub-analysis of patient characteristics
A total of 1,715 patients were included in the 
January–July 2023 sub-analysis [Table 1]. 
There was no significant difference seen in age, 
smoking history, diabetic status, BMI, mean 
distance to travel to hospital, or between White 
and Asian, or White and Other ethnic groups. 
However, there was a significant difference with 
patients from higher levels of deprivation (score 
above the median). Similarly, when IMD was 
treated as a categorical outcome, there was 
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a significant difference seen when comparing 
the highest and lowest deciles (0.0487), but 
no significance when comparing the lowest 
deprivation (10) with other ranks (data not 
shown), i.e. those with the highest deprivation 
are 66% less likely to respond than those 
with the lowest deprivation. Table 2 shows a 
significant difference between White and Black 
groups (<0.001) and White and Mixed groups 
(0.0298). There were no significant differences 
between White and Asian, or White and Other 
ethnic groups. The odds of Black and Mixed 
groups are 0.6 times (or 60%) lower than that of 
White groups, i.e. less likely to respond.

Patient response rates
Overall, Figure 1 shows a positive trend in 
patient engagement: – 27% of patients 
submitted once; the remaining responders 
(73%) submitted on two or more occasions 
(range 2-12).

Patient-reported outcomes
Over the 24-month period, the patient 
reported SSI rate was 10.5%, with monthly rates 
ranging between 4.7% and 14.4%. The average 

self-reported antibiotic rate was 10.4%, and the 
overall rate for surgical wound dehiscence was 
13.5%, [Figure 2].

 
Discussion 
This study included 4,038 women using their 
smartphones to monitor their wounds in the 
community after a C-section. The average 
response rate was 84.4% after process 
improvements were implemented, aligning 
with published data for digital postoperative 
wound monitoring (McLean et al, 2023). This 
is a significant improvement on the hospital 
service’s traditional approach. Further work 
is planned to include email or telephone 
follow-up, rather than solely using SMS text 
follow-up. To our knowledge, this is the largest 
published study using patient smartphones for 
SSI surveillance in the UK in routine practice. 
A systematic review by McLean et al (2023) 
identified fourteen studies that used digital 
health interventions for wound monitoring, 
published in English (full text) globally; the 
median number of participants was 44.5.

Over the 2-year period, approximately 
one in 10 patients reported an SSI and 

Table 1. Comparison of variables for Isla responders and non-responders

Variable Responders (n=1246) Non-responders (n=469) p-value

Age (years) mean, [range] 34.7 [19-54] 34.1 [19-58] 0.069

Smoking history 196 (70.3%) 83 (29.7%) 0.319*

Diabetes history 192 (71.4%) 77 (28.6%) 0.715*

BMI 116 (71.6%) 46 (28.4%) 0.077

Emergency 698 (70.7%) 289 (29.3%) 0.033*

IMD 648 (74.7%) 209 (25.3%) 0.036

Distance 603 (74.9%) 202 (25.1%) 0.545

*Chi-squared test

Table 2. Ethnicity for Isla responders and non-responders January–August 2023

Variable Responders (n=1179) Non-responders (n=437) p-value

White 616 193 Reference

Black, Black British, Caribbean  
or African

241 122 <0.001

Asian or Asian British 167 55 0.777

Mixed or multiple ethnic groups 76 38 0.030

Other ethnic group 79 29 0.495
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needed antibiotics for their wound after 
leaving the hospital. Confirmatory analysis 
of patient-reported outcomes using Isla was 
previously reported to be approximately 97% 
(Rochon et al, 2024). The SSI rates align with the 
8-12% typically reported in the literature (Leth 
et al, 2009; Dahlke et al, 2013). A key strength of 
this work is that it also provides trends for SWD 
using patient-reported outcomes. Dehiscence 
rates in this study appeared elevated, with 
13.5% of patients reporting some gaping or 
opening of the incision. 

There is no ‘gold standard’ for collecting 
data on SWD (Morgan-Jones et al, 2023) and, 
to date, we are not aware of published data 
using patient smartphones for this outcome. 
Our rate of SWD is higher than the previously 
published rates of 1.9%–7.6% (World Union of 
Wound Healing Societies, 2018) and warrants 
clinical investigation. Recommendations arising 
include working with the multidisciplinary team 

to closely review case mix, infection prevention 
practices and surveillance methodology, 
reviewing dressing protocols [Box 1], and 
patient education.  

Rochon et al (2024) found that ethnicity 
did not affect patient engagement with 
smartphone-based surveillance in cardiac 
surgery. However, like Castillo et al (2017), 
our study highlights significant differences 
in the likelihood of using smartphones for 
postoperative wound monitoring between 
specific ethnic groups. We plan to explore 
issues such as technological access, digital 
literacy, cultural perceptions, privacy concerns, 
and language barriers, systematically 
addressing these areas so that clinical practice 
can become more inclusive and effective in 
utilising technology to enhance postoperative 
care for diverse populations.

In England, although centres have indicated 
that C-sections would be a priority for 
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Figure 1. Patient response 
rates to Isla April 2022–
March 2024. 

Figure 2. Patient-reported 
outcomes April 2022–
March 2024. 
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surveillance (Troughton et al, 2018), they are not 
currently included in the national surveillance 
scheme. C-section surveillance is mandatory in 
Scotland, Northern Ireland, and Wales (Health 
Protection Scotland, 2014; Public Health Agency 
Northern Ireland, 2014; Public Health Wales NHS 
Trust, 2021). 

Monitoring wound infection rates allows 
hospitals to recognise their successes in 
preventing and treating infections and identify 
areas needing improvement. This monitoring 
is crucial for providing the best possible care. 
However, it often only focuses on infections 
identified during the initial hospital stay or upon 
readmission, a significant limitation as most 
infections occur after the patient leaves the 
hospital (Guest et al, 2023). 

This work did not include clinical evaluation 
(i.e. comparison with in-person review), 
which is an important limitation, as although 
digital methods have good specificity, studies 
suggest variable sensitivity for remote wound 
assessment (McLean et al, 2023).

There are several other limitations to this 
study. Despite including diversity monitoring, 
the subgroup analysis was restricted to an 
eight-month period in 2023, which included 
both 30-day and weekly submission schedules. 
In addition, it was not possible to determine the 
underlying cause of the dehiscence. 

Blencowe et al (2019) have pointed to 
the quality of wound closure (such as suture 
tension and apposition of the margins) as 
contributing to the breakdown of the wound. 
However, we were not able to take this into 
account or other factors such as underlying 
comorbidities or possible mechanical strains 
affecting healing. 

Finally, the focus of the work was, by 
necessity, on using a new form of image-
based surveillance, with weekly requests 
from July 2023. For this reason, although 

there is novel data on trends presented from 
patients on SWD and antibiotics, interventions 
were not introduced to reduce these rates. A 
dressing trial was conducted in November and 
December 2023 (not of iNPWT), but this did 
not impact on rates. The introduction of a new 
‘Central Digital Wound Hub’ with dedicated 
staff in April 2024 will allow us to improve the 
quality of care and deliver better outcomes. 
For example, proactively following up wound 
specimen results and acting on findings.

Conclusion
The integration of digital surveillance 
technologies for post-discharge monitoring 
of SSIs following C-sections represents 
a significant advancement in maternal 
healthcare. SSIs remain a considerable 
challenge post-C-section, impacting not only 
the physical health of new mothers but also 
their psychological wellbeing and the broader 
healthcare system. 

By using image-based surveillance, this 
study not only followed the incidence of SSIs 
but also gathered data on antibiotic usage and 
surgical wound dehiscence (SWD), highlighting 
the potential of such technologies to provide 
comprehensive postoperative care. This 
study lays a foundational step towards this 
future, advocating for expanded surveillance 
measures and more targeted, effective 
interventions that can be tailored to the unique 
needs of diverse populations. 
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Box 1. Incisional negative pressure wound therapy (iNPWT)

The cost and management for surgical wound complications are often managed in the community 
(Guest et al, 2020). iNPWT, delivered by devices such as PICO™ single-use negative pressure wound 
therapy (sNPWT; Smith+Nephew) can be used as part of a bundle or package to help prevent issues 
post-surgery, and particularly as an active treatment for patients at home or in the community when 
an SSI or SWD has occurred or is at risk. It is important to recognize that not all sNPWT products are the 
same, as they may have different modes of action (MOA), so caution should be taken when assuming 
evidence applies universally to all products that claim to provide this therapy In a recent study by 
Groenen et al (2023), a meta-analysis was conducted, which included 57 RCTs involving 13,744 patients. 
The study found a significant reduction in SSI with high-certainty evidence. Trial sequential analysis 
of the data indicated that these results were unlikely to change with future evidence. Using NPWT in 
conjunction with a clinical pathway has demonstrated a reduction in time and costs for healthcare 
organisations. This approach has led to either complete healing or a reduction in wound surface for 
SWD cases that were previously identified as non-healing (Hughes et al, 2021). Our existing system using 
Isla will allow us to monitor the impact of new products, or changes in practices or processes to reduce 
or manage SSI or SWD with a joined up approached to integrated care and communications between 
surgical and community settings.

38

Practice development 

Wounds UK 2024  |  Volume: 20 Issue: 4



References 
Blencowe NS, Rooshenas l, Tolkien Z et al (2019) A qualitative 

study to identify indicators of the quality of wound 
closure.  
J Hosp Infect 20(5): 214–23

Care Quality Commission (2022) Guy’s and St Thomas’ NHS 
Foundation Trust: St Thomas’ Hospital inspection report. 
Available from: https://www.cqc.org.uk/location/RJ122 
(accessed 23.10.24)

Castillo E, McIsaac C, MacDougall B et al (2017) Post-
caesarean section surgical site infection surveillance 
using an online database and mobile phone technology. 
J Obstet Gynaecol Can 39(8): 645–51.e1

Dahlke JD, Mendez-Figueroa H, Rouse DJ et al (2013) 
Evidence-based surgery for cesarean delivery: an 
updated systematic review. Am J Obstet Gynecol 209(4): 
294–306

Farid Mojtahedi M, Sepidarkish M, Almukhtar M et al (2023) 
Global incidence of surgical site infections following 
caesarean section: a systematic review and meta-
analysis. J Hosp Infect 139: 82–92

Groenen H, Jalalzadeh H, Buis DR et al (2023) Incisional 
negative pressure wound therapy for the prevention of 
surgical site infection: an up-to-date meta-analysis and 
trial sequential analysis. EClinicalMedicine 62: 102105

Guest JF, Fuller GW, Vowden P (2020) Cohort study evaluating 
the burden of wounds to the UK’s National Health Service 
in 2017/2018: update from 2012/2013. BMJ Open 10(12): 
e045253

Guest JF, Fuller GW, Griffiths B (2023) Cohort study to 
characterise surgical site infections after open surgery in 
the UK’s national health service. BMJ Open 13(12): e076735

Health Protection Scotland (2014) Scottish national point 
prevalence survey of healthcare associated infection 
and antimicrobial prescribing 2014. Surgical site infection 
(SSI) surveillance protocol. Edinburgh: Health Protection 
Scotland

Jakes A, Bell A, Chiwera L, Lloyd J (2020) Implementation of 
vaginal preparation prior to caesarean section. BMJ Open 
Quality 9(3): e000976

Jauniaux E, Grobman W (2016) Caesarean section: 
introduction to the ‘world’s no. 1’ surgical procedure. In:  
Jauniaux, E. & Grobman, W. (eds.) Textbook of Caesarean 
Section. Oxford: Oxford University Press

Kawakita T, Landy HJ (2017) Surgical site infections after 
cesarean delivery: epidemiology, prevention and 
treatment. Matern Health Neonatol Perinatol 3: 12

Leth RA, Møller JK, Thomsen RW et al (2009) Risk of selected 
postpartum infections after cesarean section compared 
with vaginal birth: a five-year cohort study of 32,468 
women. Acta Obstet Gynecol Scand 88(9): 976–83

McLean KA, Knight SR, Diehl TM et al (2023) Readiness for 
implementation of novel digital health interventions 

for postoperative monitoring: a systematic review and 
clinical innovation network analysis. Lancet Digit Health 
5(5): e295–315

Morais C (2022) Smartphone technology to increase post-
discharge patient response rate. IP2022 Bournemouth. 
Infection Prevention Society

Morgan-Jones R, Downie F, Dowsett C et al (2023) Prevention, 
identification and management of surgical wound 
dehiscence (SWD). London: Wounds UK

O’Dea GA, Youssef GJ, Hagg LJ et al (2023) Associations 
between maternal psychological distress and mother-
infant bonding: a systematic review and meta-analysis. 
Arch Womens Ment Health 26(4): 441–52

Public Health Agency Northern Ireland (2014) Surgical site 
infection surveillance in Northern Ireland: protocol version 
2014.1. Belfast: Public Health Agency

Public Health Wales NHS Trust (2021) Annual all Wales report 
on caesarean section surgical site infection. Cardiff: 
Public Health Wales NHS Trust

Ranaei-Zamani N, David AL, Siassakos D et al (2024) Saving 
babies and families from preventable harm: a review 
of the current state of fetoplacental monitoring and 
emerging opportunities. NPJ Women’s Health 2: 10

Rochon M, Jawarchan A, Fagan F et al (2023) Image-based 
digital post-discharge surveillance in England: measuring 
patient enrolment, engagement, clinician response times, 
surgical site infection, and carbon footprint. J Hosp Infect 
133: 15–22

Rochon M, Tanner J, Cariaga K et al (2024) Post-discharge 
surgical site infection surveillance using patient 
smartphones: a single-centre experience in cardiac 
surgery. Br J Card Nurs 19(1): 1–11

Troughton R, Birgand G, Johnson AP et al (2018) Mapping 
national surveillance of surgical site infections in England: 
needs and priorities. J Hosp Infect 100(4): 378–85

UK Health Security Agency (2013) Protocol for the 
surveillance of surgical site infection  surgical site 
infection surveillance service. Version 6 (June 2013) R2. 
Collingdale: UKHSA

UK Health Security Agency (2023) Surveillance of surgical 
site infections in NHS hospitals in England  April 2022 to 
March 2023. Collingdale: UKHSA

Wloch C, Wilson J, Lamagni T et al (2012) Risk factors for 
surgical site infection following caesarean section in 
england: results from a multicentre cohort study. BJOG 
119(11): 1324–33

World Health Organization (2018) Global guidelines for the 
prevention of surgical site infection, second edition. 
Geneva: WHO

World Union of Wound Healing Societies (2018) Consensus 
document: surgical wound dehiscence: improving 
prevention and outcomes. London: Wounds International

39Wounds UK 2024  |  Volume: 20 Issue: 4


