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ABSTRACT 

 

Background: A minimum data set, known as a core outcome set, should standardise 

outcome selection, collection, and reporting across future twin-to-twin transfusion syndrome 

research.  

Methods: An international steering group including healthcare professionals, researchers, 

and patients, guided the development of this core outcome set. Potential core outcomes, 

identified through a comprehensive literature review, were entered into a three round Delphi 

survey. Healthcare professionals, researchers, and patients were invited to participate. 

Consensus outcomes were entered into a modified nominal group technique to identify the 

final core outcome set. 

Results: One hundred and three participants, from 29 countries, participated in a three-

round Delphi survey. Of those 88 completed the three rounds. Twenty-two consensus 

outcomes were identified and entered into a modified nominal group technique. Eleven 

healthcare professionals, two researchers, and three patients prioritised 12 core outcomes. 

Fetal core outcomes included live birth, fetal loss (including miscarriage, stillbirth, and 

termination of pregnancy), recurrence of twin-twin transfusion syndrome, twin anaemia 

polycythaemia syndrome and amniotic band syndrome. Neonatal core outcomes included 

gestational age at delivery, birthweight, neonatal mortality, brain injury syndromes, and 

ischaemic limb injury. Maternal core outcomes included maternal mortality and admission to 

level two or three care. 

Conclusions: Embedding the core outcome set within future twin-to-twin transfusion 

syndrome research could make a substantial contribution to advancing the usefulness of 

research. Standardised definitions and measurement instruments are now required for 

individual core outcomes. 
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INTRODUCTION 

 

Management options for twin-to-twin transfusion syndrome (TTTS) have evolved rapidly 

over the last 40 years and include expectant management, termination of pregnancy, 

amnioreduction, septostomy and fetoscopic laser surgery. Although fetoscopic laser surgery 

has been shown to be associated with improved neurological  outcomes1, different 

techniques continue to be evaluated and non-invasive experimental therapies are being 

developed.2,3  Potential interventions require robust evaluation. 

 

Across women’s health, complex issues including a failure to take into account the 

perspectives of key stakeholders when selecting outcomes, variations in outcome definitions 

and measurement instruments, and outcome reporting bias makes research evidence 

difficult to interpret, undermining the translation of research into clinical practice.4–9 A recent 

systematic review of published TTTS research has demonstrated many of these issues.10 

 

Standardisation of outcome selection, collection, and reporting could help reduce research 

waste and improve the quality of evidence by allowing comparison and combination of 

results from individual studies and reducing potentially harmful outcome-reporting bias and 

study publication bias.11–15  A core outcome set is a collection of standardised outcomes and 

outcome measures for any given condition.8 They can be collected in a standardised manner 

and reported consistently in publications.16–18 Development of a core outcome set requires 

identifying potential outcomes for inclusion, determining core outcomes by taking into 

account the views of key stakeholders and finally, determining how the included outcomes 

should be measured.18 
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Given the development of new treatments for TTTS and the rarity of the condition, a core 

outcome set is required to ensure the results of all studies can be compared, contrasted, 

and combined to guide future clinical practice. Therefore, the objective of this study was to 

develop a core outcome set for TTTS. 
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METHODS 

The study was prospectively registered with The Core Outcome Measures in Effectiveness 

Trials (COMET) initiative (registration number: 921) and the detailed protocol for the 

development of this core outcome set has been previously published.19 The protocol was 

informed by the COMET initiative handbook and other core outcome set development 

studies.18,20–27 The National Research Ethics Service has advised that ethical approval is not 

required for this study.  

 

Information Sources 

A systematic review of the literature was performed by searching Cochrane Central Register 

of Controlled Trials (CENTRAL), Embase, and Medline from inception to August 2016.10 The 

detailed methods are reported elsewhere, briefly, outcomes were extracted from randomised 

trials and observational studies evaluating treatments for TTTS in monochorionic-diamniotic 

twin pregnancies and monochorionic-triamniotic, and dichorionic-triamniotic triplet 

pregnancies.28 Additionally, all steering group members were requested to submit any 

outcomes they felt should be included in the Delphi survey which had not been reported in 

previous published studies. Lay definitions were developed for individual outcomes informed 

by previous core outcome set development studies, published patient information, and 

expert opinion. The definitions were reviewed by public communication experts from the 

Twin and Multiple Birth Association prior to use. 
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Consensus-building process 

We used a three-round Delphi survey designed using online software (DelphiManager, 

University of Liverpool). The DelphiManager is established software used to deliver online 

Delphi surveys.29,30 The survey was piloted by representatives from each stakeholder group. 

The first round of the survey was open for four weeks with reminders sent to participants to 

complete data entry on days seven, 14, and 21. The second round was open for four weeks 

with personalised reminders sent for completion of data entry. The final round remained 

open for four weeks.  

 

On registering to take part in the survey, participants were invited to complete a 

demographic questionnaire. Participants were asked to score individual outcomes on a nine-

point Likert scale anchored between one (labelled ‘of limited importance for making a 

decision’) and nine (labelled ‘critical for making a decision’). This scale was devised by the 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) working 

group to facilitate the ranking of outcomes according to their importance and has been 

adopted widely by core outcome set developers.31 At the end of the first round, participants 

were invited to suggest additional outcomes for consideration in subsequent rounds of the 

survey. For the second and third round of the survey, the percentage of scores by different 

stakeholder groups were displayed in addition to the individual participants previous scores 

(Figure 1).  

 

Consensus was defined a priori using the COMET initiative’s 15%/70% definition: 

[1] Consensus in (classify as a core outcome): Over 70% of participants in each stakeholder 

group score outcome ‘critical for decision making’ (score seven to nine) and less than 15% 

of participants in each stakeholder group score outcome ‘of limited importance for decision 

making’ (score one to three).  
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[2] Consensus out (do not classify as a core outcome): Over 70% of participants in each 

stakeholder group score outcome domain ‘of limited importance for decision making’ (score 

one to three) and less than 15% of participants in each stakeholder group score outcome 

domain ‘critical for decision making’ (score seven to nine); or  

[3] No Consensus (do not classify as a core outcome): Anything else.18 

 

Participants 

Participation in the Delphi survey was voluntary. A steering group committee comprising 

specialists in the field of TTTS determined that three main stakeholder groups were required 

to inform the core outcome set; patients or relatives with experience of TTTS, healthcare 

professionals with expertise in TTTS and researchers with expertise in TTTS. Adverts were 

placed on social media platforms by steering group members and Twin and Multiple Birth 

Association prompting participation. Email invitations were sent to members of the 

International Society for Twin Studies, participants of a previous Delphi survey, and 

colleagues and contacts of the steering group.  

 

Analysis of Results 

The survey response results and demographic details were analysed using statistical 

software (SPSS 25.0; SPSS Inc., Chicago, Illinois, Untied States). The results after the third 

round were displayed as the percentage of stakeholders that scored the outcome as critical 

(7-9).  
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Modified nominal group technique 

We elected to use the modified nominal group technique in a face-to-face consultation 

meeting for the development of this core outcome set. This technique allows all opinions to 

be considered at the start and, through discussion, presents information in a hierarchy of 

perceived importance.32 Other core outcome sets have used this technique successfully.33,34 

Healthcare professionals, researchers, and patients, who lived in the United Kingdom and 

had completed all three rounds of the Delphi survey were invited to participate and 

participants from overseas were invited to join by teleconference.  
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The modified nominal group technique was delivered through a half-day consensus 

development meeting. Prior to the meeting, patient participants were offered the opportunity 

to discuss the study’s background, the Delphi survey results, the scope of the meeting and 

the outcome terminology. The meeting was chaired by an experienced facilitator. Attendees 

provided demographic details, including age, gender, and ethnic group. At the start of the 

meeting, the study background and aims of the meeting were outlined and the results of the 

Delphi survey were presented. All potential core outcomes reaching the standardised 

consensus definition were entered into the process and participants were able to enter other 

potential core outcomes which had not reached the standardised consensus definition. Each 

participant was asked to explain which outcomes they felt most and least strongly about 

including in the final core outcome set. Following the initial discussion, outcomes were 

divided into three initial categories: (1) outcomes to be considered for inclusion in the final 

core outcome set; (2) outcomes where opinions on inclusion were divided; and (3) outcomes 

which should not be considered for inclusion in the final core outcome set. Participants were 

invited to discuss the ordering of the outcomes within each category and could move 

outcomes between the categories. During the discussion, participants were encouraged to 

consider reformulating outcomes that were similar or where it would improve clarity. They 

were asked to consider the relative importance of individual outcomes in relation to each 

other, the feasibility of collecting and reporting each outcome and the availability of suitable 

definitions and measurement instruments for each outcome. Following the discussion, the 

final core outcome set was agreed. 
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RESULTS 

 

Modified Delphi method 

One hundred and three participants, from 29 different countries, completed the round one 

survey (Table 1). Eighty-nine participants completed round two and 88 participants 

completed all three rounds.  

 

Seventy-one outcomes, organised into six thematic domains, were entered into the first 

round of the Delphi survey. Twenty-one additional outcomes that were suggested by 

participants during round one were added to the second and third rounds.  

 

Following completion of the three-round survey, 22 outcomes fulfilled the a priori consensus 

definition (Table 2). No outcomes met the exclusion criteria. The full scoring for round three 

is shown in Supplementary appendix 1. The flow of outcomes and participants are shown in 

Figure 2. 

 

Nominal group technique 

Sixteen people attended the stakeholder consensus meeting. Attendees included patients 

(n=3), healthcare professionals (n=11), and researchers (n=2) (table 3). Twenty-two 

consensus and four additional outcomes were discussed in the meeting. Eight outcomes 

were reformulated. The group prioritised 12 core outcomes and one aspirational outcome. 
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Core outcomes included: 

 Live birth 

 Loss during pregnancy or before hospital discharge including late miscarriage, 

termination of pregnancy, stillbirth, and neonatal mortality 

 Subsequent death of a co-twin following single twin demise at the time of treatment 

 Recurrence of TTTS 

 Twin Anaemia Polycythaemia Syndrome; 

 Amniotic band syndrome 

 Gestational age at birth 

 Birthweight 

 Neonatal brain injury (arterial or venous infarction, cystic periventricular leukomalacia 

≥ grade II, intraventricular haemorrhage ≥grade III, porencephalic cysts, severe 

ventricular dilatation ≥97th centile) 

 Ischaemic limb injury 

 Maternal mortality 

 Requirement for admission to a level two (representing the need for single organ 

support, excluding mechanical ventilation) or three (representing the need for ≥ two 

organ support, or mechanical ventilation) care setting 

 

Aspirational Outcome: 

 Neurodevelopment at 18 to 24 months of age. 
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DISCUSSION 

 

Summary of study findings 

Using consensus science methods, 57 healthcare professionals, 18 researchers, and 28 

people with lived experience of TTTS from 29 countries contributed to the development of a 

core outcome set for TTTS. Using a modified Delphi method, the long list of 92 potential 

core outcomes was reduced to 22 consensus outcomes. Using a modified nominal group 

technique, 22 consensus outcomes, and four additional outcomes suggested by participants 

were prioritised to 12 core outcomes and one aspirational outcome.  

 

Most studies evaluating treatments for TTTS have not reported these clinically important 

outcomes consistently. For example, 17 (17%) reported recurrence of TTTS, 31 (31%) 

reported live birth, and two studies (2%) reported maternal mortality.10 Implementation of this 

core outcome set for TTTS should ensure that future research reports the outcomes deemed 

important to all stakeholders, limit selective outcome reporting, and informs the development 

of clinical practice guidelines. The Core Outcomes in Women’s and Newborn’s Health 

(CROWN) initiative, supported by 80 speciality journals, including Ultrasound in Obstetrics 

and Gynaecology, is a resolve to implement core outcome sets and as such, researchers 

should be motivated to consider this TTTS core outcome set when designing future studies 

in order to comply with publication requirements.35 

 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
 

Strengths and Limitations 

Our study has several strengths. Firstly, we used robust consensus-building methodology, 

informed by the COMET Initiative and other core outcome sets,18,20–25 to converge a long list 

of potential core outcomes, derived from a systematic review and expert opinion, into a 

focus of twelve, clinically-important outcomes for TTTS. Secondly, 103 stakeholders from 29 

countries of five continents took part in the Delphi survey, demonstrating global participation 

in the study. The COMET Initiative has highlighted that in the majority of core outcome sets, 

participants come only from Europe and/or North America (154 studies, 68%) with 

participants from the remaining continents participating in less than a third of studies (73 

studies, 32%). 36,37 Finally, this study included people with lived experience of TTTS at every 

stage. Patients assisted with the design of the study by shaping which outcomes were 

included in the Delphi survey, participated in each round of the Delphi survey and 

participated in the modified nominal group technique during the consensus-development 

meeting. This should ensure the final core outcome set is relevant to all stakeholders of 

TTTS and subsequent research is designed to support the views of parents as well as 

healthcare professionals and researchers. 

 

There are some limitations to our study. Firstly, participation in the Delphi survey was 

dependent on both an understanding of the English language and computer and internet 

access and proficiency. This may have limited potential participants from taking part. 

Translating the survey into other languages and providing the survey in a paper or interview 

format are potential solutions to this limitation. However, when designing this study, we 

balanced the ideal design with the resources available and made a pragmatic decision to 

use the online format in English only. Secondly, although we achieved better global 

participation than many other core outcome sets,36,37 the large majority (n= 70, 68%) of 

participants were from Europe with only six participants (5.8%) each from both South 

America and Asia. Similarly, it would be preferable to have more equal representation in the 

different stakeholder groups, and the imbalance between professionals and patients or 
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relatives could have created bias. However, as previously mentioned, we have included 

patients at each stage of this study to ensure their opinions were heard. Leaving the survey 

open for longer may have increased the number of patient participants, but we found little 

increase despite the reposting of social media adverts after the first time. Finally, there 

remains some uncertainty regarding aspects of consensus-building methodology, including 

the most appropriate definition of consensus.18,38 Whilst the best definition is still unknown, 

we feel that by defining consensus a priori, and reporting our results in line with this agreed 

definition, we have assured validity in our methodology. 

 

Clinical and research implications 

The final stage of this project will be to determine definitions and measurement instruments 

for each outcome. This will be done in a systematic, objective manner following 

recommendations from the COnsensus-based Standards for the selection of health 

Measurement INstruments (COSMIN) initiative.39 Potential definitions will be collated from 

formal definition development initiatives, national and international guidelines and systematic 

reviews and randomised controlled trials. We have previously reported variation in the 

definitions of outcomes across studies of treatments for TTTS and will consider each of 

these definitions in the process.10 This inventory of potential definitions will be entered into a 

consensus-building workshop attended by healthcare professionals, researchers and 

patients with experience of TTTS. Potential measurement instruments will be identified from 

national and international guidelines and systematic reviews and randomised controlled 

trials and quality assessed using COSMIN framework.39 
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It should be acknowledged that this is a core outcome set and researchers are not limited to 

reporting only these outcomes depending on the scope of their study. In time, it may become 

clear that other outcomes should be routinely reported, for example if currently experimental 

therapies become mainstay treatments.3 By formalising neurodevelopmental impairment as 

an aspirational outcome, we hope that researchers and funders will recognise the 

importance of designing and funding future studies to allow this to be reported. 

 

Conclusion 

This core outcome set for studies evaluating treatments for TTTS has been determined 

through a systematic review of existing literature and a consensus-building exercise. It 

should inform future research studies allowing easier comparison and combination of 

results. Clear definitions and tools for measurement are now required for each included 

outcome. 
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Figure legends: 

 

Figure 1: Illustrative example of an outcome presented in round two. 

Figure 2: The flow of participants and outcomes 

 

Figure 1: Illustrative example of an outcome presented in round two. 

 

Outcome 52. Preterm Birth  

A baby born before 37 weeks of pregnancy. 

   

Not important 

(%) 

Important  

but not critical 

(%) 

 

Critical 

(%) 

Stakeholder Number  1 2 3   4 5 6   7 8 9  

                 

Healthcare 
professionals 

57  0 0 4   13 0 56   21 3 3  

Researchers 18  0 0 0   0 8 67   18 2 5  

Parent or Carer 28  0 0 0   4 14 48   30 4 0  

                 

→ Please rescore  □ □ □   □ □ □   □ □ □  

 

The percentage of participants scoring the outcome from every possible response from one 

to nine was presented. The orange column highlights the participant’s score from the 

previous round. 
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Figure 2: The flow of participants and outcomes 
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Table 1. Delphi survey participant characteristics 

 Round 1 
n=103 

Round 2 
n=89 

Round 3 
n=88 

Withdrawals 
n=15 

Stakeholder group, n     

     

Patients 18 10 10 8 

Relatives of someone with TTTS 
Healthcare professionals 

10 
57 

8 
54 

8 
53 

2 
4 

  Midwives 3  3 3 0 

  Neonatologists or Paediatricians 3 3 3 0 

  Obstetricians 16  15 15 1 

  Sonographers 2 2 2 0 

  Fetal Medicine Specialists 33 31 30 3 

Researchers 18 17 17 1 

     

Gender, n     

     

Male 43 39 38 5 

Female 60 50 50 10 

     

Age (years), n     

     

18 to 25  3 3 3 0 

26 to 35  27 20 20 7 

36 to 45  31 26 26 5 

46 to 55  21 20 20 1 

Over 56  21 20 19 2 

     

Ethnic group, n     

     

Asian 10 8 8 2 

Black 3 3 3 0 

White 84 72 71 13 

Any other ethnic group 3 3 3 0 

Prefer not to say 3 3 3 0 

     

Geographical location, n     

     

Africa; 0 countries 0 0 0 0 

Asia; 5 countries 6 4 4 2 

Australia; 2 countries 14 11 11 3 

Europe; 15 countries 70 63 62 8 

North America; 2 countries  7 6 6 1 

South America; 5 countries 6 5 5 1 

     

Resource setting, n     

     

High-income; 24 countries 96 83 82 14 

Low- and middle-income; 5 countries 7 6 6 1 
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Table 2. The outcomes that fulfilled the a priori consensus definition 
 

DOMAIN 
 

Fetal outcomes 

Recurrence of twin-twin transfusion syndrome 

Death of a surviving cotwin after first twin death 

Twin anaemia polycythaemia syndrome 

Cerebral lesions 

Brain injury of a surviving cotwin after first twin death 

Antenatal Brain Injury 

Offspring survival 

Live birth 

Miscarriage   

Intrauterine death/Stillbirth 

Neonatal mortality (death)  

Perinatal mortality (death)  

Infant mortality (death)  

Mortality (death) of both twins 

Neonatal outcomes 

Gestational age at delivery  

Stroke  

Intraventricular haemorrhage 

Periventricular leukomalacia  

Early childhood outcomes 

Cerebral palsy 

Neurodevelopmental Impairment 

Maternal outcomes 

Maternal Mortality 

Abruption 

Amniotic Fluid Embolism 
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Table 3. Consensus development meeting participant characteristics 

Stakeholder group, n  

Patients 3 

Healthcare professionals 11 

  Midwives 3 

  Neonatologists or 
Paediatricians 

3 

  Obstetricians 3 

  Fetal Medicine Specialists               2 

Researchers 2 

  

Gender, n  

Male 7 

Female  9 

  

Age (years), n  

16 to 25 0 

26 to 35  6 

36 to 45  7 

46 to 55  3 

Over 55 0 

  

Ethnic group, n  

Asian 2 

White 13 

Mixed ethnic background 1 
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