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Abstract 

Aim: Early phase studies are essential to evaluate new technologies prior to randomised evaluation. 

Evaluation is limited, however, by inconsistent measurement and reporting of outcomes. This study 

examines outcome reporting in studies of innovative colorectal cancer surgery.  

Methods: Systematic searches identified studies of invasive procedures treating primary colorectal 

adenocarcinoma. Included were a random sample of studies which authors reported as ‘new’ or 

‘modified’. Outcomes were extracted verbatim and categorised using an existing framework of 32 

domains relevant to early phase studies. Outcomes were classified as ‘measured’ (where there was 

an explicit statement to that effect or evidence that data collection had occurred)  or ‘mentioned but 

not measured’ (where outcomes were discussed but data collection was not evident). Patterns of 

identified outcomes are described. 

Results: Of 8,373 records, 816 were potentially eligible. Full-text review of a random sample of 218 

studies identified 51 for inclusion of which 34 (66%) were ‘new’ and 17(33%) were ‘modified’. Some 

2073 outcomes were identified, and all mapped to domains. “Anticipated disadvantages” were most 

frequently identified (660(32%) outcomes identified across 50(98%) studies). No domain was 

represented in all studies. Under half (944, 46%) of outcomes were ‘measured’. “Surgeon/operator’s 

experience of the innovation” were more frequently ‘mentioned but not measured’ (207(18%) 

outcomes across 46(90%) studies) than ‘measured’ (17(2%) outcomes, 11(22%) studies).  

Conclusion: There is outcome reporting heterogeneity in studies of early phase colorectal cancer 

surgery. The adoption of core outcome sets may help to resolve these inconsistencies and enable 

efficient evaluation of surgical innovations.   

 

What does this paper add to the literature?  

This systematic review examined outcome reporting in studies of colorectal cancer surgical 

innovation. The study demonstrated considerable outcome heterogeneity and showed discrepancies 
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between measured outcomes and outcomes that were mentioned but not measured. 

Recommendations to harmonise outcome reporting to prevent delay of effective evaluation of new 

procedures are presented.   
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Background 

Colorectal cancer affects 1.5 million patients each year worldwide [1]. Surgery offers the best chance 

of long-term survival, although it is often associated with detrimental impact on quality of life. 

Improving surgery and quality of life outcomes is therefore a research priority of patients, surgeons 

and research funders [2, 3]. Scientific advances have led to a proliferation of new surgical techniques 

including minimally invasive procedures, robotics, trans-anal surgery, rectum-preserving surgery and 

intraoperative neuromonitoring. Evaluation is, however, limited by lack of standardised guidance on 

early phase research methodology [4, 5]. This limits wider incremental learning and the ability to 

build up an evidence-based practice [6]. Surgical innovation, unlike pharmaceuticals, continues in an 

uncoordinated way across different sites and surgeons without formal research governance. This 

raises questions about adequacy of surgical research and emphasises the uncertainty of how to 

obtain informed consent from patients undergoing new procedures and devices during their 

introduction into clinical practice [7].  

Challenges in evaluating surgery are partly addressed by the IDEAL (Idea, Development, Exploration, 

Assessment, Long-term follow up) framework, however, it lacks detailed guidance on outcomes to 

consider at different stages of evaluation [8]. Specifically, there are no agreed standards to 

consistently select, report and measure the safety and efficacy of novel surgery. Innovators may 

therefore perform new operations but not report important outcomes across studies, or may report 

them selectively. Relevant outcomes may be discussed but not measured, limiting conclusions that 

can be drawn from studies [5]. This lack of consistency puts patients at risk because innovation 

continues without dissemination of, for instance, adverse and unanticipated results. Heterogeneity 

of outcome selection and measurement limits evidence synthesis, creates research waste and delays 

treatment evaluation [9]. Inconsistencies in outcome reporting for standardised procedures in 

colorectal surgery have been demonstrated repeatedly [10, 11]. Less is known, however, about 

outcome reporting for early phase surgical treatment of colorectal cancer.  
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The COHESIVE Study aims to address these inconsistencies in a core outcome set (COS) for the 

standardised and seamless measurement and reporting of outcomes in studies of innovative surgical 

procedures and devices [12]. During the development process of the COS, targeted reviews of 

known innovative procedures identified 32 outcome domains, 22 of which were considered specific 

to the evaluation of surgical innovation (see Table 2 for a complete framework). These included, for 

example, modifications to the procedure (e.g. change from multi-port to single-port); unanticipated 

events that occurred during the procedure (e.g. unexpected complications); and outcomes specific 

to surgeons’ experience of the innovative procedure/device (e.g. physical and mental demands). 

These domains, however, have not been tested for comprehensiveness in a new and independent 

sample of studies. In addition, patterns of outcome reporting within a specific surgical discipline 

have not been investigated applying these domains. The aim of this review was to provide an in-

depth analysis of outcome reporting in studies of early phase colorectal invasive procedures. Specific 

objectives were to 1) identify and describe early phase studies of colorectal cancer surgical 

innovations, 2) establish comprehensiveness of the existing COHESIVE framework of outcome 

domains and 3) determine patterns of outcomes presented in early phase studies of colorectal 

cancer surgery using the COHESIVE outcome domains.  

 

Methods 

The systematic review is reported in accordance with Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) guidelines. Registration on PROSPERO was not undertaken 

because reviews of outcome reporting are outside the scope of the platform [13]. 

 

Search strategy 

A systematic search strategy was developed in conjunction with an information specialist and 

reviewed using the Peer Review for Electronic Search Strategies template [14]. The search strategy 
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(see Supplemental File, Chapter 1, Table S 1) combined 68 search terms for ‘colorectal cancer’, 

‘invasive procedures’ and ‘early phase studies’ using Boolean operators. OvidSP versions of Medline 

and Embase, PubMed, SCOPUS, Web of Science and the Cochrane Central Register of Controlled 

Trials were searched for articles published in English language between January 2018 and January 

2019. The publication time was limited to one year to ensure that only contemporary studies were 

retrieved which were hypothesised to contain outcomes particularly relevant to recent surgical 

innovations.  

 

Study eligibility 

Study selection criteria were initially outlined using the PICO framework (see Supplementary File, 

Chapter 2 for details) and ensure search strategy and study selection were based on the following 

study criteria: i) investigate an invasive procedure in an adult population which ii) aimed to treat the 

primary colorectal adenocarcinoma and iii) report an outcome of an empirical study. 

Study eligibility was then defined through a two-stage process. Abstract and title screening was 

performed independently by two authors (AM, CH) to identify potentially eligible studies according 

to the inclusion criteria in Table 1. Disagreements were resolved through discussions with the study 

team. Where no abstract was available, or the abstract details were inadequate, the full article was 

reviewed. 

Final eligibility was assessed by full text review of potentially eligible studies to identify early phase 

studies. There are, however, no validated methods to identify phase of evaluation retrospectively in 

published surgical literature. Early phase studies were therefore defined as those where authors 

self-report the invasive procedure as ‘new’ or ‘modified’, corresponding to IDEAL phases 1 and 2a 

(see Supplemental File, Chapter 2, Table S 3), however IDEAL criteria were not used as strict 

inclusion criteria. Excluded were studies where authors self-reported ‘established/adopted’ 
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procedures, pilot and full comparative effectiveness randomised controlled trials, and long-term 

follow-up data registries which correspond to IDEAL phases 2b-4. 

Full text articles were uploaded into a qualitative data management system (NVivo Version 12) and 

read and re-read by two authors independently (CH and AM) for data familiarisation. Line-by-line 

coding was undertaken, and descriptions were analysed using a framework of keywords and 

synonyms (Supplemental File, Table S 4) to classify authors self-reported phase of evaluation. The 

framework was applied flexibly and developed iteratively to include keywords emergent from the 

data.  

Sampling 

An initial scoping search suggested that more than 800 papers would be identified through this 

process. Previous reviews of colorectal cancer outcomes have demonstrated that less than 200 

studies are required to capture a comprehensive list of reported outcomes [10, 11]. This study 

sought to extract outcomes that are representative of the current literature, rather than providing 

an exhaustive list. Therefore, a strategy of iterative, random sampling was conducted following 

principles of data saturation. All potentially eligible studies were randomised using a statistical 

package (Stata Version 15.1). Adopting the iterative sampling strategy, randomised studies were 

organised in blocks containing 55 random studies each. Full eligibility assessment, data extraction 

and analysis were performed on one block at a time. Data saturation was assessed using methods of 

constant comparison of extracted outcomes. Sampling ceased when outcomes extracted from 

studies within a new block were already represented in previously extracted data, and no additional 

outcomes were identified (data saturation). 

Data extraction  

Two reviewers (AM, CH) extracted data using a standardised proforma and data management 

software (Redcap Version 9.1.10, see Supplemental File, Chapter 5 for a full template). Included 

were details of the study design and intervention characteristics. Studies were initially classified as 
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evaluating either an ‘operative technique’ or ‘device’, based on authors’ self-reported description.  

The innovative components of interventions were further classified using an existing framework 

proposed by Blencowe et al. [15]. The framework has been developed to support standardised 

surgical trials methodology by categorising and defining steps of surgical interventions. An 

illustration of the framework and its ten components can be found in the Supplemental File, Chapter 

5. 

Included studies were scrutinised to identify outcomes and corresponding definitions (where 

reported) and extracted verbatim. Duplicates were removed so that multiple occurrences of a 

verbatim outcome were only extracted once for each included study. For example, the words 

‘anastomotic leak’ may be repeated several times in an article but this was recorded as one unique 

verbatim outcome.  

Verbatim outcomes were classified as ‘measured’ where there was an explicit statement that an 

outcome was measured (e.g. R0 resection was a secondary outcome) or evidence that data 

collection had occurred (e.g. outcome data were reported in a table). Conversely, verbatim 

outcomes were classified as ‘mentioned but not measured’ where authors discussed an outcome, 

but there was no explicit statement that it was measured or evidence that data collection had 

occurred. For example, where authors state that a new technology may be ‘easier to use’ but then 

don’t provide data on the usability of the technology.  

Risk of bias assessment was not performed because this review does not aim to synthesise evidence 

for the effectiveness of treatments and does not provide estimates of effect size.  

 

Analysis 

Descriptive statistics were used to summarise study and intervention characteristics of 

contemporary early phase studies of colorectal innovation. Extracted outcomes were mapped to the 

COHESIVE framework (Table 2. COHESIVE Study conceptual framework of outcome domains) to 
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validate the domains in terms of the comprehensiveness in an independent sample of studies. The 

framework contains 32 domains with 22 considered innovation-specific and 10 shared with 

effectiveness studies. In addition, the COHESIVE framework recognises the existence of routinely 

measured data variables that do not address the evaluation of the innovation. These variables, 

described as “common data elements” (CDE), include measures of patient characteristics such as 

pre-operative tumour size, number of polyps, or history of pelvic irradiation. Such data are 

considered outside the scope of the COHESIVE framework. Two reviewers (AM, CH), independently 

from each other and the COHESIVE study team, performed outcome categorisation and 

subsequently cross-checked results. Disagreements were discussed between reviewers and any 

unresolved discrepancies were noted. Outcomes that could initially not be mapped to the COHESIVE 

framework and any unresolved disagreements were presented to the wider COHESIVE study team 

for further discussion. Outcomes considered too broad to categorise (e.g. ‘effectiveness’) were 

excluded from analyses because they could be mapped into any category and it is unclear as to what 

concept the authors refer. 

Patterns of outcomes are explored by describing numbers of verbatim outcomes identified in studies 

by outcome domain. ‘Measured’ and ‘mentioned but not measured’ outcomes are presented 

separately to examine any differences in patterns between these categories. Categorisation is 

mutually exclusive at the verbatim outcome level (e.g. ‘anastomotic leak’ was extracted only once) 

but not at the outcome domain level (e.g. ‘anastomotic leak’ and ‘sepsis’ were mapped to the same 

outcome domain). Each study may therefore include multiple unique verbatim outcomes that are 

‘measured’ or ‘mentioned but not measured’ for each outcome domain. All analyses were 

performed using a statistical software package (Stata Version 15.1). 

 

Results  
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The systematic search identified 8,373 unique records, 816 of which were retained after title and 

abstract screening. Potentially eligible articles were randomised and full eligibility was assessed on 

four blocks (218 articles) before data saturation was reached. A total of 51 studies were included in 

the review (see Supplemental File). The study selection is summarised in a PRISMA flowchart (Figure 

1).  

 

Study characteristics 

Study characteristics are presented in Table 3Table 3. Authors most commonly self-reported 

interventions as ‘modified’ (34 studies, 66.7% of included studies), with the remainder self-reported 

as ‘new’ (17, 33.3%).  Most evaluated surgical techniques (38, 74.5%) with fewer reporting surgical 

devices (13, 25.5%). Included studies were most commonly single-centre (50, 98%), with Asia and 

Europe being the most frequently represented geographic regions (21, 41.2% and 20, 39.2%, 

respectively) and case series the most frequent design (13, 25.5%). Less than half of the studies used 

a comparison group (23, 45.1%). Most studies defined patient eligibility criteria a priori (36, 70.6%), 

but few authors reported a denominator including ineligible patients (6, 11.8%). There was a wide 

range of numbers of participants per study (1 to 1366, median 61).  

Intervention characteristics are summarised in Table 4Table 4 and presented separately for 

interventions that involve a technique or a device. Innovations most frequently treated rectal cancer 

(24 studies, 47% of included studies) and involved laparoscopic surgery (24, 47.1%), or trans-anal or 

other natural orifice techniques (14, 27.5%). Sampled studies described a range of different 

innovative components of invasive procedures.  

Gaining explicit patient consent about the procedure being new or modified was not universally 

reported (31, 60.8%). Information about the expertise of medical staff delivering the intervention 

was evident in 26 (51%) studies, however data on monitoring of their performance was seldom 

reported (5, 10%). There were also few reports on whether surgical devices were approved by the 
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Food and Drug Administration (FDA) or hold a European conformity (CE) marking (2/13 device 

studies, 15.4%).   

 

Outcome categorisation  

A total of 2480 outcomes were extracted. Of these, 82 were subsequently excluded on the basis 

that, following discussion with the wider study team, they were not considered outcomes (e.g. 

surgical approach, mean follow-up). A further 325 outcomes were excluded because they were too 

broad to categorise (e.g. safety) or classified as common data elements (e.g. distance from the anal 

verge). It was possible to map all remaining 2073 outcomes using the COHESIVE framework of 

outcome domains (Tables 5 and 6), however, one outcome domain (unanticipated advantages) was 

not represented in any of the included studies. No additional outcome domains were identified. The 

full list of verbatim outcomes and domain mapping is included in Supplemental file, Chapter 6, Table 

S 9.  

 

Patterns of outcomes  

There was evidence of heterogeneity in the outcomes identified (Tables 5 and 6). The most 

commonly identified outcomes were mapped to the following domains: ‘anticipated disadvantages’ 

of the innovation (660 (32%) verbatim outcomes identified in 50 (98%) studies) and achieving the 

overall desired effect of the procedure (258 (13%) verbatim outcomes, identified in 47 (92%) 

studies). Conversely, outcomes were only mapped to the ‘unanticipated disadvantages’ domain 

seven (0.3%) times across four (8%) studies. No single outcome domain was universally represented 

in all studies. 

Overall, outcomes were less frequently ‘measured’ than ‘mentioned but not measured’ (994 and 

1,129 verbatim outcomes, respectively). In particular, there were 471 (23%) verbatim outcomes 

mapped onto the innovation-specific domains that were ‘mentioned but not measured’ compared to 
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141 (7%) verbatim outcomes that were ‘measured’. The largest discrepancy was evident in 

outcomes related to “Surgeon/operator’s experience of the innovation”. Outcomes mapped to this 

domain were ‘mentioned but not measured’ 207 (18%) times across 46 (90%) studies, and only 

‘measured’ 17 (2%) times in just 11 (22%) studies.   

Heterogeneity was also evident among domains shared with effectiveness studies. The largest 

discrepancies were observed between outcomes mapped onto the following domains: anticipated 

advantages (218 (19%) outcomes identified across 45 (88%) studies that were ‘mentioned but not 

measured’ compared to 20 (2%) outcomes identified across 12 (23%) studies that were ‘measured’) 

and whether the overall desired effect of the procedure/device was achieved (77 (7%) outcomes 

identified across 31 (61%) studies that were ‘mentioned but not measured’ compared to 181 (19%) 

outcomes identified across 44 (86%) studies that were ‘measured’).  

 

Discussion 

This review is the first study, to our knowledge, to examine outcome patterns in novel colorectal 

cancer surgery. The review identified early phase studies of colorectal cancer surgical innovation and 

found innovative laparoscopic and robotic colorectal surgery to be evaluated most commonly, 

reflecting their continued popularity over the recent years [16]. Studies were typically conducted in 

a single centre using case study design with a small sample size as is appropriate for early phase 

surgical research. The comprehensiveness of the COHESIVE framework of outcome domains was 

established, and considerable outcome heterogeneity was evident. Innovation-specific outcomes 

were less frequently identified despite all authors reporting interventions as “new” or “modified” 

and there was evidence that some outcome domains were frequently mentioned but not measured. 
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There is little evidence summarising outcome reporting in early phase studies of novel colorectal 

cancer surgery, but heterogeneity detected in this review echoes findings from randomised trials 

[11]. The most frequently measured outcomes were only reported in up to 37% of trials and no 

single outcome domain was universally reported. Persisting inconsistencies in outcome selection and 

reporting has serious implications for robust evaluation and effective knowledge sharing during the 

development of new procedures and devices. For example, concerns about safety and effectiveness 

of trans-anal total mesorectal excision [17-19] may have been detected earlier if evidence was 

underpinned by homogenous outcome measurement.  

 

Efforts to better standardised outcome measurement and reporting have been made through multi-

stakeholder agreement on a COS for early phase studies (the COEHSIVE COS) which consists of eight 

items included in the COHESIVE framework. The COHESIVE framework was found to be 

comprehensive in a sample of independent studies and therefore provides increasing evidence for 

the validity of the framework in specific surgical disciplines. Patterns of outcomes presented in 

sampled studies showed there is a lack of standardisation in outcome selection with no single 

outcome domain represented in all studies. This hinders evidence synthesis, cross-study 

comparisons and increases the risk of outcome reporting bias. 

It is suggested that adherence to the eight-item COHESIVE COS has the potential to reduce 

heterogeneity in outcome reporting and might be one way to facilitate efficient innovation.  

The COHESIVE framework was found to be comprehensive in a sample of independent studies and 

therefore provides increasing evidence for the validity of the framework in specific surgical 

disciplines. Patterns of outcomes presented in sampled studies showed there is a lack of 

standardisation in outcome selection with no single outcome domain represented in all studies. This 

hinders evidence synthesis, cross-study comparisons and increases the risk of outcome reporting 

bias.  
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Discrepancies were also observed between those outcomes that were ‘measured’ and outcomes 

‘mentioned but not measured’ by authors. The relative high frequency of authors mentioning but 

not measuring innovation-specific outcomes (e.g. surgeons’/operators’ experience of the 

innovation) may reflect measurement challenges such as a lack of validated outcome measures. 

Similarly, authors extensively discussed potential advantages of innovations but less commonly 

collected data to measure such advantages. This may contribute to optimism bias and the potential 

mismatch between authors’ hopes for an innovation and the scientific evidence provided. 

This review provides an in-depth and methodologically rigorous assessment of current outcome 

reporting in colorectal cancer surgical innovation. Identification of surgical innovation was, however, 

hindered by poor reporting. Inclusion criteria were based on authors own definition and description 

of novelty. Qualitative analytical methods were chosen to ensure that the classification of 

innovations as ‘new’ and ‘modified’ was established through authors own views rather than 

retrospective application of value judgements by the review team. It is therefore open to 

interpretation. Explicit and standardised author-reported stage of innovation (e.g. phases within the 

IDEAL framework) may facilitate more objective identification of novelty in future syntheses [8]. The 

systematic search was limited to one year to retrieve the most current evidence and identify 

contemporaneous patterns of reporting but it is acknowledged that reporting practices may be 

subject to rapid change so that results presented here are only a snapshot. Nevertheless, results 

showed considerable heterogeneity which suggests that COS have not been adopted as 

recommended in this study. Outcome patterns were analysed by mapping each verbatim outcome 

to a single outcome domain. Some outcomes, however, may be suitable for multiple domains and, in 

those cases, the most appropriate outcome domain was selected through discussions within the 

review team. Assigning multiple domains may change outcome patterns evident in this review. The 

review examined studies of colorectal cancer surgery because of the large number of cancer 

operations performed [21]. Whilst the results presented here are applicable to colorectal cancer 
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studies only, recommendations for increased standardised of outcome reporting can be considered 

appropriate for all studies of innovative treatments.  

This review is part of a broader programme that aims to promote the safe and transparent 

introduction and evaluation of surgical innovation. The COHESIVE study has developed a 

standardised set of outcomes for the seamless evaluation of invasive procedures and devices. 

However, exactly how and by what means outcomes should be measured in practice will also need 

to be established. Work is currently underway to develop outcome measurement instruments to aid 

a standardised operationalisation of outcomes included in the core outcome set. Validation of these 

measures to robust standards and endorsement by stakeholders is crucial to facilitate rapid 

translation of surgical innovation through the evaluation lifecycle. There is also a need to enable 

instantaneous shared learning and rapid dissemination of knowledge to minimise patient risks. 

Development of a real-time outcome measurement platform might be a solution to facilitate robust 

and safe evaluation of innovative surgical interventions. 
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Table 1. Inclusion and exclusion criteria 

Invasive procedures 

Included Studies where there is purposeful/deliberate access to the body is gained via an 

incision, percutaneous puncture, where instrumentation is used in addition to the 

puncture needle, or instrumentation via a natural orifice. It begins when entry to the 

body is gained and ends when the instrument is removed, and/or the skin is closed. 

Invasive procedures are performed by trained healthcare professionals using 

instruments, which include, but are not limited to, endoscopes, catheters, scalpels 

scissors, devices and tubes [20]. 

Excluded Diagnostic invasive procedures (studies that aim to detect colorectal cancer). Studies 

of multimodal therapies that include an invasive procedure, but where the invasive 

procedure is not the focus of investigation (e.g. studies of novel neo/adjuvant 

medical or radiation oncology). Studies that report animal models, trends in 

treatment, training of surgeons or clinical presentations where the focus of the article 

is the presentation rather than treatment. 

Treatment of primary colorectal adenocarcinoma 

Included Procedures that aim to cure, act as a bridge to curative treatment, or palliate the 

primary (within the colon or rectum) tumour. Studies of patients (18 years or older) 

with metastatic disease are included if the procedure under investigation treats the 

primary tumour. 

Excluded Treatments of metastatic colorectal cancer such as liver, lung, brain or peritoneal 

disease; other histological disease types such as neuroendocrine or stromal tumours; 

benign polyps. 

Studies that report empirical data 

Included Studies reporting empirical data including clinical, patient reported, surrogate, 

composite or process outcomes across any study design including technical notes, 

case studies, case series, case-control, cohort and randomised trials.  

Excluded Papers that did not include primary empirical patient outcome data such as reviews, 

letters, opinions, descriptions of techniques, and videos. Conference abstracts and 

clinical audit/quality improvement studies were also excluded. 
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Table 2. COHESIVE Study conceptual framework of outcome domains  

  Outcome domain 

Innovation-specific 
domains  

1-2 Procedure completion success/failure 

3-6 
Modifications; including details i) to the procedure, ii) to concomitant interventions and iii) to patient 
selection during study 

7-9 
Unanticipated advantages; including i) during the procedure, ii) after the procedure: short term and iii) 
after the procedure: long-term 

10-12 
Unanticipated disadvantages; including i) during the procedure, ii) after the procedure: short term and iii) 
after the procedure: long-term 

13 Surgeon/operator’s experience of the innovative procedure/device 

14-15 
Patient’s experience of the innovative procedure/device; including i) physical experiences during the 
procedure, if applicable and ii) psychological experience of having the innovative procedure/device  

16-19 
Required resource use specific to the innovative procedure; including i) before the procedure, ii) during 
the procedure, iii) after the procedure during the hospital stay and iv) after leaving hospital 

20 Details of patients suitable for the procedure in future 

21 Details of operator training/expertise necessary to perform the procedure in future 

22 Mechanical/technical problems with device, if applicable 

Domains shared 
with effectiveness 
studies 

23 Overall desired effect of procedure /device achieved 

24-26 
Anticipated advantages; including i) during the procedure, ii) after the procedure: short term and iii) after 
the procedure: long-term 

27-29 
Anticipated disadvantages; including i) during the procedure, ii) after the procedure: short term and iii) 
after the procedure: long-term 

20 Duration of procedure 

31 Duration of hospital stay 

32 Patient’s physical/psychological experiences after the procedure  
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Table 3. Study characteristics of included studies (N=51) 

  N % 

Self-reported type of innovation    

Modified  34 66.7 

New  17 33.3 

Type of intervention    

Operative technique  38 74.5 

Device  13 25.5 

Sample size (median, range)  61 (1-1366) 

Number of centres     

1  46 90.2 

2  0 - 

3+  4 7.8 

Not reported  1 2 

Number of participating countries     

Single nation  50 98 

Multinational  1 2 

Geographical region     

UK  3 5.9 

Rest of Europe  17 33.3 

North America  8 15.7 

Asia  21 41.2 

Australia and New Zealand  1 2 

Study design     

Case control study  11 21.6 

Case series  13 25.5 

Case study  10 19.6 

Non-randomised trial  1 2 

Prospective cohort study  6 11.8 

Randomised trial  2 3.9 

Retrospective cohort study  8 15.7 

Comparator included   23 45.1 

Reported inclusion and exclusion criteria   36 70.6 

Reported numbers of ineligible patients   6 11.8 

Reported individual patient consent   31 60.8 

Reported details of experience of clinical staff  26 51 

Reported monitoring of surgeon performance/expertise  5 9.8 

Reported outcomes of consecutive patients   18 35.3 

Reported FDA/CE approval   2 3.9 
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Table 4. Characteristics of included interventions 

 

Operative 
technique (N=38) 

 Device  
(N=13) 

Total  
(N=51) 

 N % N % N % 

What cancer site was included?        

Any colorectal 8 21.1 6 46.2 14 27.5 

Exclusively colon 7 18.4 3 23.1 10 19.6 

Exclusively rectum 22 57.9 2 15.4 24 47.1 

Not reported/unclear 1 2.6 2 15.4 3 5.9 

What cancer stage was included?        

Any stage 8 21.1 0 - 8 15.7 

Exclusively early (Stage 1-3) 12 31.6 3 23.1 15 29.4 

Exclusively late (Stage 4) 0 - 0 - 0 - 

Not reported/unclear 18 47.4 10 76.9 28 54.9 

Technology involved in intervention        

Robotic surgery 10 26.3 2 15.4 12 23.5 

Laparoscopic surgery 17 44.7 7 53.8 24 47.1 

Endoscopy 4 10.5 3 23.1 7 13.7 

Trans-anal/natural orifice surgery 13 34.2 1 7.7 14 27.5 

Implantable device 0 - 1 7.7 1 2 

Other 1 2.6 1 7.7 2 3.9 

Components of intervention self-reported as novel       

Technology set up/settings/positioning 1 2.6 2 15.4 3 5.9 

Pre-incision (e.g. skin preparation, draping) 0 - 1 7.7 1 2 

Incision 2 5.3 0 - 2 3.9 

Access 2 5.3 0 - 2 3.9 
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Dissection 3 7.9 1 7.7 4 7.8 

Resection 3 7.9 2 15.4 5 9.8 

Haemostasis 1 2.6 0 - 1 2 

Insertion of adjuncts (e.g. drains) 0 - 0 - 0 - 

Closure 1 2.6 2 15.4 3 5.9 

Other 4 10.5 4 30.8 8 15.7 

Self-reported use of intervention in a new population  5 13.2 1 7.7 6 11.8 

Self-reported evaluation of intervention with new  
outcome measures 

22 57.9 9 96.2 31 60.8 
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Table 5. Number of verbatim outcomes ‘measured’a or ‘mentioned but not measured’b by domain 

 

 

 

 

 

 

 

 

 

 

 

 

a Verbatim outcomes were classified as ‘measured’ where there was an explicit statement to that effect or evidence that data collection had occurred. 
b Verbatim outcomes were classified as ‘mentioned but not measured’ where authors discussed an outcome, but there was no statement that it was measured or evidence that data were 

collected. 

 

 

    Outcomes 

 

Outcome domain 
Overall 

(n=2073) 
Measureda 

(n=944) 

Mentioned 
but not 

measuredb 
(n=1129) 

Innovation-
specific 
domains 

 n % n % n % 

Procedure completion success/failure 160 7.7 83 8.8 77 6.8 

Modifications 43 2.1 8 0.8 35 3.1 

Unanticipated advantages 0 - 0 - 0 - 

Unanticipated disadvantages 7 0.3 1 0.1 6 0.5 

Surgeon/operator’s experience of the innovation 224 10.8 17 1.8 207 18.3 

Patient’s experience of the innovative procedure/device 2 0.1 0 - 2 0.2 

Required resource use specific to the innovation 52 2.5 9 1 43 3.8 

Details of operator training/expertise required in future 2 0.1 0 - 2 0.2 

Details of patients suitable for the procedure in future 39 1.9 0 - 39 3.5 

Mechanical/technical problems with device 83 4 23 2.4 60 5.3 

Domains 
shared with 
effectivenes
s studies 

Overall desired effect of procedure /device was achieved 258 12.5 181 19.2 77 6.8 

Anticipated advantages 238 11.48 20 2.1 218 19.3 

Anticipated disadvantages 660 31.8 425 45 235 20.8 

Duration of procedure 72 3.5 54 5.7 18 1.6 

Duration of hospital stay 49 2.4 38 4 11 1 

Patient’s physical/psychological experience after the procedure 184 8.9 85 9 99 8.8 
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Table 6. Studies in which at least verbatim outcome was ‘measured’a or ‘mentioned but not measured’b by domain 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Verbatim outcomes were classified as ‘measured’ where there was an explicit statement to that effect or evidence that data collection had occurred. 
b Verbatim outcomes were classified as ‘mentioned but not measured’ where authors discussed an outcome, but there was no statement that it was measured or evidence that data were 

collected. 

    Studies (N=51) 

 
Outcome domain Overall Measureda 

Mentioned 
but not 

measuredb 

Innovation-
specific 
domains 

 n % n % n % 

Procedure completion success/failure 46 90.2 39 76.5 33 64.7 

Modifications 22 43.1 6 11.8 20 39.2 

Unanticipated advantages 0 - 0 - 0 - 

Unanticipated disadvantages 4 7.8 1 2.0 3 5.9 

Surgeon/operator’s experience of the innovation 46 90.2 11 21.6 46 90.2 

Patient’s experience of the innovative procedure/device 2 3.9 0 - 2 3.9 

Required resource use specific to the innovation 25 49 7 13.7 22 43.1 

Details of operator training/expertise required in future 2 3.9 0 - 2 3.9 

Details of patients suitable for the procedure in future 24 47.1 0 - 24 47.1 

Mechanical/technical problems with device 25 49 11 21.6 22 43.1 

Domains 
shared with 
effectivenes
s studies 

Overall desired effect of procedure /device was achieved 47 92.2 44 86.3 31 60.8 

Anticipated advantages 46 90.2 12 23.5 45 88.2 

Anticipated disadvantages 50 98 49 96.1 45 88.2 

Duration of procedure 41 80.4 38 74.5 14 27.5 

Duration of hospital stay 35 68.6 32 62.7 10 19.6 

Patient’s physical/psychological experience after the procedure 38 74.5 20 39.2 28 54.9 


