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Abstract
Introduction

The Sars-CoV-2 pandemic catalysed integration of telemedicine worldwide. This systematic review assesses it’s accuracy for diagnosis of Surgical Site
Infection (SSI).  

Methods

Databases were searched for telemedicine and wound infection studies. All types of studies were included, only paired designs were taken to meta-analysis.
QUADAS-2 assessed methodological quality. 

Results

1400 titles and abstracts were screened, 61 full text reports were assessed for eligibility and 17 studies were included in meta-analysis, mean age was
47.1±13.3 years. Summary sensitivity and speci�city was 87.8% (95% CI, 68.4-96.1) and 96.8% (95% CI 93.5-98.4) respectively. The overall SSI rate was 5.6%.
Photograph methods had lower sensitivity and speci�city at 63.9% (95% CI 30.4-87.8) and 92.6% (95% CI, 89.9-94.5).  

Conclusion

Telemedicine is highly speci�c for SSI diagnosis is highly speci�c, giving rise to great potential for utilisation excluding SSI. Further work is needed to
investigate feasibility telemedicine in the elderly population group. 

Registration and no.: Prospero ID - CRD42021290610

Background
Surgical site infections (SSI) complicate up to 40% of surgical procedures depending on operative type and procedure1. By de�nition, an SSI occurs within 30
days of surgery (or within 90 days if an implant is left in place)2. Given the current health landscape, the mean postoperative inpatient stay is four days,
therefore the majority of SSI become apparent after discharge3 4. Early recognition of SSI is essential to minimise associated morbidity and mortality, and
patients frequently seek care from primary or community care providers, who may not be familiar with managing surgical complications. Strategies are
required to enable secondary care providers to conduct robust surveillance and follow up of surgical wounds5 6.

Telemedicine is an innovative solution for monitoring patients and their wounds postoperatively. Remote consultations ameliorate the need to leave home and
associated carer requirement, reduce travel times and costs, and reduce waiting room times and risk of nosocomial infection7–9. Patients frequently �nd the
experience reassuring and many would prefer future consultations by this method10–12. A reduction in patient travel seems to have wider implications still; a
recent review concluded that the use of telemedicine consistently reduces carbon footprint compared with face-to-face reviews, even when factoring the
impact of equipment and resource use13. With national targets such as net zero emissions by 2045, implementation of remote measures may become a
mainstay of practice in years to come14. The SARS-CoV-2 pandemic catalysed integration of digital health models worldwide and telemedicine was applied at
the forefront of many patient facing services. Surgical follow-up has followed with rapid adoption of remote post-operative follow-up, but cautious
examination is warranted before being welcomed as standard practice15. Telephone consultations, whilst providing invaluable information at a fraction of
clinic resource use, do not provide direct visualisation of a patient’s post-operative wound. However, even with the addition of a visual aspect in photo- or
video-based approaches, there are barriers to this service. For example, erythema, a hallmark characteristic of accepted SSI de�nitions, has poor levels of
interobserver agreement on photograph assessment16–18. Before telemedicine can be unanimously recognised as established practice substantial evidence of
diagnostic accuracy is required.

The aim of this study was to (1) establish the overall accuracy of telemedicine for diagnosis of SSI; (2) identify factors associated with heterogeneity of
�ndings between studies; and (3) assess the effect of individual telemedicine methods and impact of varying reference standards on diagnostic accuracy.

Methods
This study was conducted in accordance with the Cochrane handbook for systematic reviews of diagnostic test accuracy, and has been reported in line with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA-DTA) statement, a copy of which is attached to this article as an Appendix
(Appendix 1)19–21. The protocol for this review was prospectively registered with PROSPERO (ID CRD42021290610) and has been submitted for peer reviewed
publication, with a pre-print available online22.

Search strategy and selection criteria

Studies meeting the following criteria were considered for inclusion:

i. Participants: All post-operative patients over 18, of any operation type. No restrictions were placed on the study setting or length of follow-up. 

ii. Index tests: Telemedicine by any method (telephone, photograph or questionnaire), including the use of questionnaires as these can be delivered
remotely. 
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iii. Reference Standards: Face to face review, as per the United States (US) Centres for Disease Control and Prevention (CDC) criteria for SSI is deemed the
gold standard, but no restrictions were placed if other methods were use. This was to ensure all available evidence would be synthesised.

iv. Target condition: SSI as de�ned by the CDC criteria; infection within 30 days of surgery or within 90 days if an implant is left in place23. 

v. Study design: Abstracts, reviews and conference proceeding were excluded. All other research designs were included in the systematic review, but only
comparative, paired methodologies were taken forward to meta-analysis as all patients would experience index tests and reference standards.

Studies were excluded if they did not meet the inclusion criteria or were not presented in English (for lack of resources to translate other languages). The
following databases were searched from inception to January 2022: Medline, Embase, CENTRAL and CINAHL. A combination of synonyms related to the
keywords; “telemedicine” AND “surgical wound infection” formulated the terms used. The strategy used for Medline, Embase and CINAHL can be found in
appendix 2.

The search strategy was developed with and conducted by an information specialist who uploaded results onto the Rayyan, a bespoke tool for conducting
systematic reviews24. These were deduplicated before screening of titles and abstracts by two independent reviewers against the inclusion criteria. Relevant
manuscripts were retrieved for full text review, and assessed for eligibility by two independent reviewers. Reference lists of these articles were searched
manually for any additional studies not identi�ed in preliminary search. Any disagreement at each stage was resolved by a third reviewer for consensus.

There were no limitations placed on study design for qualitative synthesis to comprehensively synthesise the literature. Reports with paired designs were taken
forward for quantitative analysis to enable random-effects bivariate meta-analysis, and summary receiver operator characteristic (SROC) curves to be plotted.

Data extraction

A bespoke data spreadsheet (Microsoft Excel Version 16.59) was designed and utilised for data extraction by two independent authors. Data on study and
diagnostic characteristics (author, year, country, study design, sample size, gender, age, telemedicine method, reference standard, type of surgery, follow-up
schedule) among potential confounding factors (diabetes, BMI, and smoking status) were collected in addition to SSI rates, sensitivity, and speci�city of
diagnosis.

Surgical site infections were de�ned as per CDC criteria2. Only super�cial SSI were included due to inherent barriers of diagnosing deep SSI remotely. No
restrictions were placed on classi�cation of telemedicine, reference standard type, or other characteristics.

Assessment of methodological quality

Risk of bias and the applicability of studies were assessed again by two independent reviewers with the QUADAS-2 tool25. Agreement of 80% across all
categories on two included studies was considered su�cient before further assessment of remaining studies, as recommended by the Cochrane handbook for
systematic reviews of diagnostic test accuracy20. Risk of bias and applicability scores were taken into consideration for subgroup meta-analysis, ascertaining
a strength of recommendation from data retrieved.

Statistical analysis
Continuous descriptive characteristics were expressed as weighted mean averages with standard error. A bivariate model for meta-analysis was used to
produce summary measures of sensitivity and speci�city with con�dence regions. All studies with paired designs had pooled forest plots and summary
receiver operator characteristic curves synthesised in the initial exploratory analysis. Analysis was conducted with MetaDTA and plots constructed with
Review Manager 5.426 27. Additional sources of heterogeneity were investigated through covariates (study country, type of surgery, telemedicine method,
reference standard used).

For cases of multi-threshold test positivity, the cut-off achieving the maximum possible sensitivity – speci�city trade off were taken forward. Indeterminate
index test results were classi�ed as ‘no SSI’ as this more closely re�ects what would happen in practice. Tests were grouped as a uni�ed ‘telemedicine’ and
through the sub-groups; ‘photograph,’ ‘telephone,’ and ‘questionnaire.’ No studies reported video-based methods.

Subgroup analysis

All studies which compared photograph to face to face review will be referred to as photograph based telemedicine methods. Photograph-based methods
utilise visual input whereas questionnaire and telephone do not incorporate trained physicians viewing a patient’s wound. As such, pre-speci�ed analysis is
conducted for studies including these methods for their sensitivity and speci�city. Further analyses are performed as per the reference standard used and
whether a pre-speci�ed threshold was stated.

Results

Study selection
The study selection process �ow diagram is shown in �gure 1. A total of 1400 records were screened after 488 duplicates removed. After title and abstract
screening, 61 full text reports were assessed for eligibility. The �nal review included 19 studies, and 17 had paired designs taken into a meta-analysis16 28-45.
11,437 observations were made in 19,090 patients as ten studies only included telemedicine investigation in a subset of patients28-32 35 36 38 40 42.Three
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reports were unable to be retrieved. For each, contact was attempted through the publishing journal and �rst author on two separate occasions, after which
studies were excluded from review.

Characteristics of included studies

Studies were conducted in nine countries across �ve continents globally. Five were in low or lower-middle income economies, as per the World Bank
classi�cation28 29 32 37 38. The remaining reports were from high income economies. Weighted mean age of participants across the included reports was
47.1 ±13.3 years. Female patients made up 57.4% participants. Pooled SSI rate was 5.6% (95% CI, 5.49-5.74). Individual study characteristics can be found in
table 1. 

Methodological quality of included studies

A summary of QUADAS-2 assessments is presented in �gure 2. Risk of bias was present in all studies, and two studies were scored as high risk of bias in all
domains32 40. This was largely owing to inconsecutive sampling, clarity over interpretation of index tests without knowledge of the reference standard (and
vice versa), the interval time between interpretation of index test and reference standard, and only subgroups of patients being included in study analysis. Nine
reports had high applicability concerns, principally from the index test, patients or reference standard differing from the review question32-34 36 38 39 42 44. Risk
proportions are displayed in �gure 3.

Synthesis of results

Individual study estimates of test accuracy are presented in �gure 4 as a coupled forest plot of sensitivity and speci�city. Index tests were categorised into
photograph, telephone and questionnaire based methods, with �ve16 31 33-35, nine28 29 32 37-41 43 and three studies30 36 42 available for each respectively. 15
manuscripts16 28-31 34-43 utilised a CDC based reference standard, with the remaining two32 33 having empirical or site-speci�c protocol for these. Two
studies32 33 conducted follow up within 14 days, and a further four studies34 36 40 42 were unclear as to the timeframe for reference standard review. There
were no studies available that compared multiple index tests or reference standards. 

The mean sensitivity of all telemedical methods for SSI diagnosis is 87.9% (95% CI, 68.4-96.1) and mean speci�city is 96.8% (95% CI, 93.5-98.4). Mean values
broken down by index test is shown in table 2. Youden’s index is acceptable at 0.847. Random effects SROC curve for all methods of telemedicine in diagnosis
of SSI shows a symmetric design approaching the top left corner and is plotted in �gure 5. Heterogeneity seen in the 95% prediction region is explored further
in subgroup analysis. Overall diagnostic odds ratio indicates high effectiveness for SSI diagnosis at 217.6 (95% CI, 47.0-1006.8). 

Subgroup analysis

Five studies utilised photograph based telemedicine16 31 33-35. A total of 1638 observations were available in 2287 patients, again due to subsets being
included in diagnostic test accuracy analysis. The weighted average age was 46.8 ± 11.7 years and 35.8% of patients were female. All studies were conducted
in high income countries (HIC). SSI rate across the available studies was 3.72% (95% CI, 3.16-4.29). The mean sensitivity for photograph based methods is
63.9% (95% CI, 30.4-87.8) and mean speci�city 92.6% (95% CI, 89.9-94.5). The random effects SROC curve for photograph based methods shows a symmetric
distribution and is displayed in �gure 6. Overall diagnostic odds ratio indicates good test effectiveness at 22.0 (95% CI, 4.7-102.5). Heterogeneity is largely
reduced, although the region of con�dence is conversely enlarged.

Comparative index test SROC curve analysis reveals three distinct distributions of symmetric plots with telephone methods showing superior test accuracy,
approaching the upper left corner (Appendix 3). CDC criteria were used as the reference standard in all but two studies32 33. Analysis of tests standardised by
CDC reference standard marginally increases overall sensitivity to 90.3% (95% CI, 0.695-0.974) but has no signi�cant impact on speci�city (96.8%, 95% CI,
0.932-0.985). SROC curve for telemedicine using CDC criteria re�ects this marginal increase in sensitivity but 95% prediction region is also increased in size
(Appendix 4). Summary test accuracy by CDC reference standard are represented in Appendix 5. All methods of telemedical follow-up are informative with
diagnostic odds ratios >10.

Discussion

Study selection
The study selection process �ow diagram is shown in �gure 1. A total of 1400 records were screened after 488 duplicates removed. After title and abstract
screening, 61 full text reports were assessed for eligibility. The �nal review included 19 studies, and 17 had paired designs taken into a meta-analysis16 28-45.
11,437 observations were made in 19,090 patients as ten studies only included telemedicine investigation in a subset of patients28-32 35 36 38 40 42.Three
reports were unable to be retrieved. For each, contact was attempted through the publishing journal and �rst author on two separate occasions, after which
studies were excluded from review.

Characteristics of included studies

Studies were conducted in nine countries across �ve continents globally. Five were in low or lower-middle income economies, as per the World Bank
classi�cation28 29 32 37 38. The remaining reports were from high income economies. Weighted mean age of participants across the included reports was
47.1 ±13.3 years. Female patients made up 57.4% participants. Pooled SSI rate was 5.6% (95% CI, 5.49-5.74). Individual study characteristics can be found in
table 1. 



Page 5/12

Methodological quality of included studies

A summary of QUADAS-2 assessments is presented in �gure 2. Risk of bias was present in all studies, and two studies were scored as high risk of bias in all
domains32 40. This was largely owing to inconsecutive sampling, clarity over interpretation of index tests without knowledge of the reference standard (and
vice versa), the interval time between interpretation of index test and reference standard, and only subgroups of patients being included in study analysis. Nine
reports had high applicability concerns, principally from the index test, patients or reference standard differing from the review question32-34 36 38 39 42 44. Risk
proportions are displayed in �gure 3.

Synthesis of results

Individual study estimates of test accuracy are presented in �gure 4 as a coupled forest plot of sensitivity and speci�city. Index tests were categorised into
photograph, telephone and questionnaire based methods, with �ve16 31 33-35, nine28 29 32 37-41 43 and three studies30 36 42 available for each respectively. 15
manuscripts16 28-31 34-43 utilised a CDC based reference standard, with the remaining two32 33 having empirical or site-speci�c protocol for these. Two
studies32 33 conducted follow up within 14 days, and a further four studies34 36 40 42 were unclear as to the timeframe for reference standard review. There
were no studies available that compared multiple index tests or reference standards. 

The mean sensitivity of all telemedical methods for SSI diagnosis is 87.9% (95% CI, 68.4-96.1) and mean speci�city is 96.8% (95% CI, 93.5-98.4). Mean values
broken down by index test is shown in table 2. Youden’s index is acceptable at 0.847. Random effects SROC curve for all methods of telemedicine in diagnosis
of SSI shows a symmetric design approaching the top left corner and is plotted in �gure 5. Heterogeneity seen in the 95% prediction region is explored further
in subgroup analysis. Overall diagnostic odds ratio indicates high effectiveness for SSI diagnosis at 217.6 (95% CI, 47.0-1006.8). 

Subgroup analysis

Five studies utilised photograph based telemedicine16 31 33-35. A total of 1638 observations were available in 2287 patients, again due to subsets being
included in diagnostic test accuracy analysis. The weighted average age was 46.8 ± 11.7 years and 35.8% of patients were female. All studies were conducted
in high income countries (HIC). SSI rate across the available studies was 3.72% (95% CI, 3.16-4.29). The mean sensitivity for photograph based methods is
63.9% (95% CI, 30.4-87.8) and mean speci�city 92.6% (95% CI, 89.9-94.5). The random effects SROC curve for photograph based methods shows a symmetric
distribution and is displayed in �gure 6. Overall diagnostic odds ratio indicates good test effectiveness at 22.0 (95% CI, 4.7-102.5). Heterogeneity is largely
reduced, although the region of con�dence is conversely enlarged.

Comparative index test SROC curve analysis reveals three distinct distributions of symmetric plots with telephone methods showing superior test accuracy,
approaching the upper left corner (Appendix 3). CDC criteria were used as the reference standard in all but two studies32 33. Analysis of tests standardised by
CDC reference standard marginally increases overall sensitivity to 90.3% (95% CI, 0.695-0.974) but has no signi�cant impact on speci�city (96.8%, 95% CI,
0.932-0.985). SROC curve for telemedicine using CDC criteria re�ects this marginal increase in sensitivity but 95% prediction region is also increased in size
(Appendix 4). Summary test accuracy by CDC reference standard are represented in Appendix 5. All methods of telemedical follow-up are informative with
diagnostic odds ratios >10.

Conclusion
The evidence suggests that using telemedicine to diagnose SSI is highly speci�c and as such could be utilised as an effective screening tool in patients post
discharge. Implementation of this method has great potential in the reduction of resource use, associated healthcare cost, and patient and clinician time
expenditure. It has widespread applications spanning geographical and socioeconomic barriers and would improve the carbon footprint of health services
globally. However, the average age of participants in all studies is relatively young and as such may under-represent the surgical population. Widespread
adoption of telemedicine without strategies to improve inclusion may therefore disproportionately discriminate against the elderly or in�rm. Included studies
were also at risk of bias which may impact upon the validity of results. Further work is required to maximise engagement with telemedicine in digitally naïve or
incapable populations, and to determine the speci�c utility of telemedicine within clinical practice in order to maximise its bene�ts.

Declarations
Competing Interests

The authors declare no competing �nancial interests, but the following competing non-�nancial interests; authors JT, GS and IC were co-authors on one study
included in the meta-analysis16.

Data Availability

The source data, and results of analysis, can be released upon reasonable request to the corresponding author. 

Acknowledgements

The authors would like to thank Tim Staniland, Information specialist at Hull University Teaching Hospitals NHS trust for work designing and conducting
database searches.

References



Page 6/12

1. Matatov T, Reddy KN, Doucet LD, et al. Experience with a new negative pressure incision management system in prevention of groin wound infection in
vascular surgery patients. J Vasc Surg 2013;57(3):791–5. doi: 10.1016/j.jvs.2012.09.037 [published Online First: 2013/01/15]

2. Centres for Disease Control and Prevention (CDC). Surgical Site Infection (SSI) Event 2017 [Available from:
https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf accessed 21/10/2020.

3. BMJ Quality & Safety 2021:bmjqs-2021-013522. doi: 10.1136/bmjqs-2021-013522

4. Woelber E, Schrick EJ, Gessner BD, et al. Proportion of Surgical Site Infections Occuring after Hospital Discharge: A Systematic Review. Surgical Infections
2016;17(5) doi: 10.1089/sur.2015.241

5. Lodise TP, McKinnon PS, Swiderski L, et al. Outcomes analysis of delayed antibiotic treatment for hospital-acquired Staphylococcus aureus bacteremia.
Clin Infect Dis 2003;36(11):1418–23. doi: 10.1086/375057 [published Online First: 2003/05/27]

�. Owens PL, Barrett ML, Raetzman S, et al. Surgical site infections following ambulatory surgery procedures. Jama 2014;311(7):709–16. doi:
10.1001/jama.2014.4 [published Online First: 2014/02/20]

7. Finkelstein SM, MacMahon K, Lindgren BR, et al. Development of a remote monitoring satisfaction survey and its use in a clinical trial with lung
transplant recipients. J Telemed Telecare 2012;18(1):42–6. doi: 10.1258/jtt.2011.110413 [published Online First: 2011/11/10]

�. Gunter RL, Chouinard S, Fernandes-Taylor S, et al. Current Use of Telemedicine for Post-Discharge Surgical Care: A Systematic Review. J Am Coll Surg
2016;222(5):915–27. doi: 10.1016/j.jamcollsurg.2016.01.062 [published Online First: 2016/03/28]

9. Urquhart AC, Antoniotti NM, Berg RL. Telemedicine–an e�cient and cost-effective approach in parathyroid surgery. Laryngoscope 2011;121(7):1422–5.
doi: 10.1002/lary.21812 [published Online First: 2011/06/08]

10. McGillicuddy JW, Gregoski MJ, Weiland AK, et al. Mobile Health Medication Adherence and Blood Pressure Control in Renal Transplant Recipients: A
Proof-of-Concept Randomized Controlled Trial. JMIR Res Protoc 2013;2(2):e32. doi: 10.2196/resprot.2633 [published Online First: 2013/09/06]

11. Wiseman JT, Fernandes-Taylor S, Barnes ML, et al. Conceptualizing smartphone use in outpatient wound assessment: patients' and caregivers'
willingness to use technology. J Surg Res 2015;198(1):245–51. doi: 10.1016/j.jss.2015.05.011 [published Online First: 2015/05/31]

12. Sanger PC, Hartzler A, Han SM, et al. Patient perspectives on post-discharge surgical site infections: towards a patient-centered mobile health solution.
PLoS One 2014;9(12):e114016. doi: 10.1371/journal.pone.0114016 [published Online First: 2014/12/02]

13. Purohit A, Smith J, Hibble A. Does telemedicine reduce the carbon footprint of healthcare? A systematic review. Future Healthc J 2021;8(1):e85-e91. doi:
10.7861/fhj.2020-0080

14. NHS. Delivering a ‘net zero’ National Health Service: NHS; 2020 [Available from: https://www.england.nhs.uk/greenernhs/wp-
content/uploads/sites/51/2020/10/delivering-a-net-zero-national-health-service.pdf accessed 07/02/2022.

15. Irarrázaval MJ, Inzunza M, Muñoz R, et al. Telemedicine for postoperative follow-up, virtual surgical clinics during COVID-19 pandemic. Surg Endosc
2021;35(11):6300–06. doi: 10.1007/s00464-020-08130-1 [published Online First: 2020/11/04]

1�. Totty JP, Harwood AE, Wallace T, et al. Use of photograph-based telemedicine in postoperative wound assessment to diagnose or exclude surgical site
infection. J Wound Care 2018;27(3):128–35. doi: 10.12968/jowc.2018.27.3.128 [published Online First: 2018/03/07]

17. Centres for Disease Control and Prevention (CDC). Surgical Site Infection (SSI) Event 2017 [Available from:
https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf accessed 20/01/2022.

1�. Wilson AP, Treasure T, Sturridge MF, et al. A scoring method (ASEPSIS) for postoperative wound infections for use in clinical trials of antibiotic
prophylaxis. Lancet 1986;1(8476):311–3. doi: 10.1016/s0140-6736(86)90838-x [published Online First: 1986/02/08]

19. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.
Systematic Reviews 2015;4(1):1. doi: 10.1186/2046-4053-4-1

20. Deeks J BP, Lee�ang M, Takwoingi Y, Flemyng E, Mellor L. Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy: Cochrane; 2021
[Available from: https://training.cochrane.org/handbook-diagnostic-test-accuracy/PDF/v2.

21. McInnes MDF, Moher D, Thombs BD, et al. Preferred Reporting Items for a Systematic Review and Meta-analysis of Diagnostic Test Accuracy Studies: The
PRISMA-DTA Statement. Jama 2018;319(4):388–96. doi: 10.1001/jama.2017.19163 [published Online First: 2018/01/25]

22. Lathan R, Sidapra M, Yiasemidou M, et al. Telemedicine for surgical site infection: a systematic review. 2021 [Available from:
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021290610.

23. Horan TC, Gaynes RP, Martone WJ, et al. CDC de�nitions of nosocomial surgical site infections, 1992: a modi�cation of CDC de�nitions of surgical wound
infections. Infect Control Hosp Epidemiol 1992;13(10):606–8. [published Online First: 1992/10/01]

24. Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan—a web and mobile app for systematic reviews. Systematic Reviews 2016;5(1):210. doi:
10.1186/s13643-016-0384-4

25. Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med
2011;155(8):529–36. doi: 10.7326/0003-4819-155-8-201110180-00009 [published Online First: 2011/10/19]

2�. Freeman SC, Kerby CR, Patel A, et al. Development of an interactive web-based tool to conduct and interrogate meta-analysis of diagnostic test accuracy
studies: MetaDTA. BMC Medical Research Methodology 2019;19(1):81. doi: 10.1186/s12874-019-0724-x

27. Review Manager (RevMan). Version 5.4 [program]: The Cochrane Collaboration, 2020.

2�. Abu-Sheasha GA, Bedwani RN, Anwar MM, et al. Cost-effectiveness analysis of three methods of surgical-site infection surveillance: Less is more. Am J
Infect Control 2020;48(10):1220–24. doi: 10.1016/j.ajic.2019.12.022 [published Online First: 2020/02/19]



Page 7/12

29. Aiken AM, Wanyoro AK, Mwangi J, et al. Evaluation of surveillance for surgical site infections in Thika Hospital, Kenya. J Hosp Infect 2013;83(2):140–5.
doi: 10.1016/j.jhin.2012.11.003 [published Online First: 2013/01/22]

30. Validation of the Bluebelle Wound Healing Questionnaire for assessment of surgical-site infection in closed primary wounds after hospital discharge. Br J
Surg 2019;106(3):226–35. doi: 10.1002/bjs.11008 [published Online First: 2018/12/18]

31. Costa ML, Achten J, Knight R, et al. Effect of Incisional Negative Pressure Wound Therapy vs Standard Wound Dressing on Deep Surgical Site Infection
After Surgery for Lower Limb Fractures Associated With Major Trauma: The WHIST Randomized Clinical Trial. Jama 2020;323(6):519–26. doi:
10.1001/jama.2020.0059 [published Online First: 2020/02/12]

32. Cherian T, Hedt-Gauthier B, Nkurunziza T, et al. Diagnosing Post-Cesarean Surgical Site Infections in Rural Rwanda: Development, Validation, and Field
Testing of a Screening Algorithm for Use by Community Health Workers. Surg Infect (Larchmt) 2020;21(7):613–20. doi: 10.1089/sur.2020.062 [published
Online First: 2020/05/20]

33. Gunter RL, Fernandes-Taylor S, Rahman S, et al. Feasibility of an Image-Based Mobile Health Protocol for Postoperative Wound Monitoring. J Am Coll
Surg 2018;226(3):277–86. doi: 10.1016/j.jamcollsurg.2017.12.013 [published Online First: 2018/01/26]

34. Hedrick TL, Harrigan AM, Sawyer RG, et al. De�ning Surgical Site Infection in Colorectal Surgery: An Objective Analysis Using Serial Photographic
Documentation. Dis Colon Rectum 2015;58(11):1070–7. doi: 10.1097/dcr.0000000000000466 [published Online First: 2015/10/09]

35. McLean KA, Mountain KE, Shaw CA, et al. Remote diagnosis of surgical-site infection using a mobile digital intervention: a randomised controlled trial in
emergency surgery patients. npj Digital Medicine 2021;4(1):160. doi: 10.1038/s41746-021-00526-0

3�. Mitchell DH, Swift G, Gilbert GL. Surgical wound infection surveillance: the importance of infections that develop after hospital discharge. Aust N Z J Surg
1999;69(2):117–20. doi: 10.1046/j.1440-1622.1999.01500.x [published Online First: 1999/02/25]

37. Nguhuni B, De Nardo P, Gentilotti E, et al. Reliability and validity of using telephone calls for post-discharge surveillance of surgical site infection following
caesarean section at a tertiary hospital in Tanzania. Antimicrob Resist Infect Control 2017;6:43. doi: 10.1186/s13756-017-0205-0 [published Online First:
2017/05/16]

3�. Pathak A, Sharma S, Sharma M, et al. Feasibility of a Mobile Phone-Based Surveillance for Surgical Site Infections in Rural India. Telemed J E Health
2015;21(11):946–9. doi: 10.1089/tmj.2014.0199 [published Online First: 2015/03/10]

39. Pham JC, Ashton MJ, Kimata C, et al. Surgical site infection: comparing surgeon versus patient self-report. J Surg Res 2016;202(1):95–102. doi:
10.1016/j.jss.2015.12.039 [published Online First: 2016/04/17]

40. Reilly J, Noone A, Clift A, et al. A study of telephone screening and direct observation of surgical wound infections after discharge from hospital. The
Journal of Bone and Joint Surgery British volume 2005;87-B(7):997–99. doi: 10.1302/0301-620X.87B7.16061

41. Richter V, Cohen MJ, Benenson S, et al. Patient Self-Assessment of Surgical Site Infection is Inaccurate. World J Surg 2017;41(8):1935–42. doi:
10.1007/s00268-017-3974-y [published Online First: 2017/03/09]

42. Sands K, Vineyard G, Platt R. Surgical site infections occurring after hospital discharge. J Infect Dis 1996;173(4):963–70. doi: 10.1093/infdis/173.4.963
[published Online First: 1996/04/01]

43. Taylor EW, Duffy K, Lee K, et al. Telephone call contact for post-discharge surveillance of surgical site infections. A pilot, methodological study. J Hosp
Infect 2003;55(1):8–13. doi: 10.1016/s0195-6701(03)00217-2 [published Online First: 2003/09/25]

44. Halwani MA, Turnbull AE, Harris M, et al. Postdischarge surveillance for infection following cesarean section: A prospective cohort study comparing
methodologies. Am J Infect Control 2016;44(4):455–7. doi: 10.1016/j.ajic.2015.10.023 [published Online First: 2015/12/27]

45. Mousa AY, Broce M, Monnett S, et al. Results of Telehealth Electronic Monitoring for Post Discharge Complications and Surgical Site Infections following
Arterial Revascularization with Groin Incision. Ann Vasc Surg 2019;57:160–69. doi: 10.1016/j.avsg.2018.09.023 [published Online First: 2018/12/01]

4�. Zhang J, Mihai C, Tüshaus L, et al. Wound Image Quality From a Mobile Health Tool for Home-Based Chronic Wound Management With Real-Time
Quality Feedback: Randomized Feasibility Study. JMIR Mhealth Uhealth 2021;9(7):e26149. doi: 10.2196/26149

47. Wilson J. Preventing surgical site infection: The challenge of 'getting it right �rst time'. J Infect Prev 2017;18(4):164–66. doi:
10.1177/1757177417714044 [published Online First: 2017/06/27]

4�. Singh S, Davies J, Sabou S, et al. Challenges in reporting surgical site infections to the national surgical site infection surveillance and suggestions for
improvement. Ann R Coll Surg Engl 2015;97(6):460–5. doi: 10.1308/rcsann.2015.0027 [published Online First: 2015/09/01]

49. NHS. Delivering a 'Net Zero' National Health Service, 2020.

50. Tennison I, Roschnik S, Ashby B, et al. Health care's response to climate change: a carbon footprint assessment of the NHS in England. Lancet Planet
Health 2021;5(2):e84-e92. doi: 10.1016/s2542-5196(20)30271-0 [published Online First: 2021/02/14]

51. Bloom�eld PS, Clutton-Brock P, Pencheon E, et al. Arti�cial Intelligence in the NHS: Climate and Emissions,. The Journal of Climate Change and Health
2021;4:100056. doi: https://doi.org/10.1016/j.joclim.2021.100056

52. Savji N, Rockman CB, Skolnick AH, et al. Association between advanced age and vascular disease in different arterial territories: a population database of
over 3.6 million subjects. J Am Coll Cardiol 2013;61(16):1736–43. doi: 10.1016/j.jacc.2013.01.054 [published Online First: 2013/03/19]

53. Lam K, Lu AD, Shi Y, et al. Assessing Telemedicine Unreadiness Among Older Adults in the United States During the COVID-19 Pandemic. JAMA Internal
Medicine 2020;180(10):1389–91. doi: 10.1001/jamainternmed.2020.2671

54. Elbaz S, Cinalioglu K, Sekhon K, et al. A Systematic Review of Telemedicine for Older Adults With Dementia During COVID-19: An Alternative to In-person
Health Services? Frontiers in Neurology 2021;12 doi: 10.3389/fneur.2021.761965

55. Wilson AP, Gibbons C, Reeves BC, et al. Surgical wound infection as a performance indicator: agreement of common de�nitions of wound infection in
4773 patients. Bmj 2004;329(7468):720. doi: 10.1136/bmj.38232.646227.DE [published Online First: 2004/09/16]



Page 8/12

Tables
Table 1: Individual study characteristics. SD: Standard Deviation. BMI: Body mass index.

Author Year Country Mean Age
(+/-SD)

Total
events

Total
Patients

Female
Gender
(%)

Telemedicine
method

Reference
standard

Type of
surgery

Diabetes
(%)

Smoking
(%)

Abu-
sheasha

2020 Egypt - 309 351 - Telephone CDC Multispecialty - -

Aiken 2013 Kenya 30.0 (9.0) 89 1172 1060 Telephone CDC Multispecialty - -

Bluebelle 2019 UK 53.2
(17.5)

208 732 428 Questionnaire CDC Multispecialty 60 (7.7) 350
(45.1)

Bruce 2021 UK 44.1
(14.1)

1036 1550 302 Photograph CDC Trauma 63 (8.1) 218
(28.6)

Cherian 2020 Rwanda 26.5 219 596 456 Telephone Empirical O&G - -

Gunter 2018 USA 63.0 40 40 10 Photograph Site protocol Vascular - -

Halwani 2016 USA 28.5 (6.8) 177 193 193 Telephone CDC O&G - -

Hedrick 2015 USA 59.5 (6.7) 171 171 89 Photograph CDC General 21
(12.3)

28
(16.4)

McLean 2021 UK 44.3
(17.3)

335 489 266 Photograph CDC General 23 (4.7) -

Mitchell 1999 Australia 63.3 649 1360 636 Questionnaire CDC Multispecialty - -

Mousa 2019 USA 64.0 (7.2) 30 30 14 Photograph   Vascular 12
(40.0)

15
(50.0)

Nguhuni 2017 Tanzania 26.3 (6.5) 484 324

 

324 Telephone CDC Obstetrics - -

Pathak 2015 India - 156     Telephone CDC - - -

Pham 2016 USA 54.1(19.0) 2853 2853 1844 Telephone CDC Multispecialty 367
(12.9)

359
(12.6)

Reilly 2005 UK 67.0
(10.4)

105 422 201 Telephone CDC Orthopaedics - -

Richter 2017 Israel 50.5
(17.7)

263 266 125 Telephone CDC General - -

Sands 1996 USA 42.0 1799 5572 3343 Questionnaire CDC Multispecialty - -

Taylor 2003 UK - 2665 -   Telephone CDC General - -

Totty 2018 UK 61.1 56 37 14 Photograph ASEPSIS/CDC Vascular 10
(27.0)

28
(75.7)

Table 2: Summary test accuracy of surgical site infection diagnosis by index test method. SSI: surgical site infection. CI: con�dence interval

Index Test Reference
Standard

Number of Studies
(Participants)

Number with
SSI (%)

Summary sensitivity %
(95% CI)

Summary Speci�city
% (95% CI)

Diagnostic Odds Ratio
(95% CI)

All All 17 (11437) 642 (5.6) 87.9 (68.4-96.1) 96.8 (93.5-98.4) 217.6 (47.0-1006.8)

Photograph All 5 (1638) 61 (3.7) 63.9 (30.4-87.8) 92.6 (89.9-94.5) 22.0 (4.7-102.5)

Telephone All 9 (7143) 360 (5.0) 97.0 (70.8-99.8) 97.7 (92.0-99.4) 1351.5 (73.1-24994.7)

Questionnaire CDC 3 (2656) 221 (8.3) 69.8 (32.6-91.7) 97.6 (88.7-99.5) 93.8 (6.4-1366.8)

Figures
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Figure 1

PRISMA 2020 �ow diagram for new systematic reviews which included searches of databases, registers and other sources
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Figure 2

Risk of bias and applicability concerns summary: review authors’ judgements about each domain for each study

Figure 3

Risk of bias and applicability concerns graph: review authors’ judgements about each domain presented as percentages across included studies
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Figure 4

Coupled forest plot presenting sensitivity and speci�city of SSI diagnosis by telemedical methods

Figure 5

Random effects bivariate summary receiver operator characteristic curve of telemedicine for the diagnosis of surgical site infection. Summary curve and point
estimates display high levels of accuracy.

Elliptical data points represent the weighted sensitivity-speci�city trade-off for each study. The summary point is expressed on the summary curve with dotted
line 95% con�dence region and dashed line 95% prediction region. 
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Figure 6

Random effects bivariate summary receiver operator characteristic curve for photograph based recognition of surgical site infection.

Elliptical data points represent the weighted sensitivity-speci�city trade-off for each study. The summary point is expressed on the summary curve with dotted
line 95% con�dence region and dashed line 95% prediction region. 
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