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The benefits of fetoscopic laser photocoagulation (FLP) for treatment of twin-to-twin transfusion syndrome
(TTTS) have been recognized for over a decade, yet access to FLP remains limited in many settings. This
means at a population level, the potential benefits of FLP for TTTS are far from being fully realized. In
part, this is because there are many centers where the case volume is relatively low. This creates an
inevitable tension; on one hand, wanting FLP to be readily accessible to all women who may need it, yet
on the other, needing to ensure that a high degree of procedural competence is maintained. Some of
the solutions to these apparently competing priorities may be found in novel training solutions to achieve,
and maintain, procedural proficiency, and with the increased utilization of ‘competence based’ assessment
and credentialing frameworks. We suggest an under-utilized approach is the development of collaborative
surgical services, where pooling of personnel and resources can improve timely access to surgery, improve
standardized assessment and management of TTTS, minimize the impact of the surgical learning curve,
and facilitate audit, education, and research. When deciding which centers should offer laser for TTTS and
how we decide, we propose some solutions from a collaborative model.
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Fetoscopic laser photocoagulation (FLP) is the gold stan-
dard for treatment of severe TTTS, a condition affect-
ing up to 15% of all monochorionic twins. While other
monochorionic twin complications such as twin anemia
polycythaemia sequence (TAPS), or severe selective fetal
growth restriction may also be managed with FLP, the
vast majority of these procedures are still performed for
twin oligohydramnios-polyhydramnios sequence (TOPS),
a condition that may progress rapidly and require urgent
intervention before cervical shortening and preterm labor
ensues. For this reason, most expert advisory groups rec-
ommend intensive surveillance in the mid trimester for de-
velopment of TOPS, and — once diagnosed — referral to a
fetal therapy center able to offer timely access to FLP (Royal

Australian and New Zealand College of Obstetricians and
Gynaecologists, 2014; Royal College of Obstetricians and
Gynaecologists, 2008).

Such recommendations assume that all women reside in
settings where fetal surgery centers are immediately avail-
able, with sufficient caseload to ensure proficiency. Yet, in
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countries such as Australia with low population density,
even tertiary obstetric centers may be serving a relatively
small population. In such settings, an inevitable tension
exists between ensuring prompt, reliable and equitable ac-
cess to fetal surgery, and ensuring sufficient case volume
and operator experience to maintain procedural compe-
tence. To ensure that the improved outcomes for TTTS are
realized at a population level, then, requires novel solutions
for centers with a comparatively low case volume. In this ar-
ticle, we first identify the dual challenges of ensuring ready
access to fetal procedures while still maintaining procedural
competence, and second, discuss a range of solutions that
may assist in the provision of accessible, high-quality fetal
therapy services in such settings.

The Challenge of Providing Reliable
and Equitable Access to Fetal Surgery
for TTTS
Rapid expansion in the provision of fetal therapy services
over the past two decades has dramatically improved patient
access, but these therapies are predominantly only available
to the approximately one billion people who live in the de-
veloped world (Soubbotina, 2000). Even in resource-rich
settings, access to fetal surgery services may be limited,
meaning the full benefits of FLP for TTTS at a popula-
tion level are yet to be realized. To optimize access and
provision of fetal therapy services means addressing issues
such as resources, training, learning curves, centralization,
and the ability to provide reliable and equitable access to
a quality service (Deprest et al., 2010). A recent survey of
64 centers around the world performing laser surgery for
TTTS found that, while a few large units in North Amer-
ica and Europe carried out more than 50 procedures per
year, 48% of all units performed fewer than 20 procedures
per year (Akkermans et al., 2015). The low volume units
were more frequently located in South America, Australia,
and the Middle East. Despite recent economic growth, there
remains a paucity of fetal therapy service provision in de-
veloping countries. It is likely that the initial response to
this will see the development of similarly low volume ser-
vices in these regions. Thus, striking an appropriate balance
between having a sufficient number of centers to provide pa-
tients with prompt access to fetal therapy, while at the same
time providing institutions and individual doctors with suf-
ficient case-load for skill development and maintenance, is
a challenge common to many countries and communities.

Using Australia as a case example provides insight into
some potential difficulties associated with the provision of
a complex therapy such as laser surgery for TTTS. Australia
has a similar annual birthrate to the UK, Western Europe
and the USA at 13 births per 1,000 people (World Bank,
2013), but with a population of under 24 million (Australian
Bureau of Statistics, 2015) and a land area of approximately
7.7 million square kilometers (Australian Government Geo-

science Australia, 2015), Australia has the equal third lowest
population density in the world (World Bank, 2014). Aus-
tralia’s large cities are widely spaced and many people live in
remote locations that are many hours’ travel from a major
hospital. Australia currently has centers performing laser
surgery for TTTS in its four biggest cities, which provides
reasonable access for the vast majority of the population,
but also means that each center carries out relatively small
numbers of procedures per year. Such centers face unique
challenges, at both an individual and institutional level, in
acquiring and maintaining procedural competence to en-
sure the benefits of FLP are fully translated to their referral
population.

The Challenge of Achieving and
Maintaining Procedural Competence
Given the relatively small numbers of severe TTTS cases re-
quiring FLP, legitimate concerns have been raised regarding
efficacy and outcomes when large numbers of centers are
performing relatively low numbers of procedures (Morris
et al., 2010). In such settings, the learning curve, as well
as low caseload, might affect efficacy and outcomes (Klar-
itsch et al., 2009). Yet these challenges are not unique to
FLP: they are common to many fetal interventions, and
have fueled robust debate. Commentators have expressed
concern regarding training and competence even in basic
prenatal diagnostic procedures, given the rapid uptake of
non-invasive prenatal testing (Hui et al., 2016). At the other
extreme, minimum criteria have been proposed for cen-
ters wishing to offer advanced fetal surgeries, such as fetal
myelomeningocoele repair, in order to fully realize the ben-
efits observed in trial settings (Cohen et al., 2014). Such
criteria are useful, but are arguably easier to impose in rare
elective surgeries than in a more common condition such
as TTTS where the need for surgery may become urgent, in
a patient often difficult to transfer. Solutions to FLP skill ac-
quisition and maintenance are therefore relevant, and likely
to be embraced, in other settings.

Case Volume and the ‘Learning Curve’

The term ‘learning curve’ was coined in 1936 to describe
the rate of increase in the productivity of airplane manu-
facturing workers (Wright, 1936), and refers to the increase
in performance of a worker performing the same task over
and over, which occurs in any process where performance
improves as a function of practice (Le Morvan & Stock,
2005). The amount of practice necessary for optimal per-
formance depends on both the procedure and the practi-
tioner. The concept of the learning curve and its impact on
patient outcomes is well documented. Stelzer et al. (1998),
for instance, noted, when publishing 10 years of experience
performing the modified Ross procedure for aortic valve
replacement, that he had three deaths in the first 15 patients
but only four deaths in the subsequent 130 patients. Follow-
ing robotic-assisted radical prostatectomy, positive margin
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rates of 45%, 21%, and 12% were reported for the first 33
cases, second 33 cases, and third 33 cases respectively (Atug
et al., 2006). These articles discuss the improvement in per-
formance that occurs when the same procedure is repeated
many times. In a review of 4,571 papers reporting on learn-
ing curves, it was found that most referred to new surgical
(41%) or minimal access (51%) procedures (Ramsay et al.,
2000). Individual performance was addressed in 47% of
the papers while institutional performance was addressed
in 52%.

The improvement in outcomes over time of FLP for the
management of TTTS likely reflects more than just the indi-
vidual learning curve of the primary surgeon. Multiple other
individuals performing tasks related to the patient’s care are
learning in the same way. This team learning process, which
might include clinical and ultrasound assessment of the pa-
tient, assimilation of information, patient selection, care for
that patient before, during and after treatment, and neona-
tal care, can be described as the institutional learning curve.

Most papers do not clearly distinguish between the indi-
vidual learning curve and the institutional learning curve,
with improvement in outcomes across time likely reflecting
both. For example, De Lia et al. (1999) reported an increase
in overall perinatal survival after laser surgery for TTTS
from 55% for the first 50 cases, to 69% in a series of 67 cases
published several years later. Hecher et al. (2000) also de-
scribed improved outcomes in a second cohort of patients
treated with laser surgery for TTTS when compared to the
first cohort and Morris et al. (2010) used logistic regression
analysis to show that outcomes improved over time after
their center first started performing laser surgery for TTTS.
Meriki et al. (2010) noted that their institutional learning
curve revealed results that stabilized after the first 25 cases
performed in a center with three primary operators, but did
not make comment on individual learning curves.

Objective assessment of the learning curve has been
aided by the uptake of cumulative sum (CUSUM) anal-
ysis, initially designed to control the performance of indus-
trial processes and now increasingly used in medicine for
quality control monitoring, and more recently for learning
curve assessment (Lindenburg et al., 2011). This statisti-
cal and graphical method of quality control shows changes
in performance, and may estimate the number of proce-
dures needed to achieve a predetermined level of acceptable
performance. In a retrospective review of FLP, Papanna et
al. (2011) used learning curve CUSUM testing to determine
that the three operators required 60, 20, and 20 cases respec-
tively to reach acceptable performance, while in a similar
study, Peeters et al. (2014) showed that the four operators
required 26, 25, 26, and 35 procedures to reach competency.

Setting arbitrary case volume requirements to define the
learning curve has its limitations, however, as successful
performance is not only influenced by the operator’s skills
and experience, but by factors related to both team perfor-
mance, and the patient themselves (Lindenburg et al., 2011).

Factors influencing the learning curve of an individual in-
clude the individual’s prior experience, confidence, ability,
and personality (Charles Sturt University, 2015). Extrinsic
factors may include the institutional experience, the indi-
vidual’s previous experience in invasive ultrasound guided
procedures such as intrauterine transfusion, supervision by
an experienced operator (De Lia et al., 1999; Hecher et
al., 2000), refinement in case selection and techniques over
time, training intensity and methods, and feedback and case
review processes (Lindenburg et al., 2011; Papanna et al.,
2011; Peeters et al., 2014).

Case Volume and Maintaining Proficiency

It is clear that, just as the ability to perform complex
tasks improves with practice, so will that ability deterio-
rate over time without practice. There is not specific lit-
erature regarding the number of fetoscopic procedures re-
quired to maintain competency, but there is useful data
in relation to intrauterine blood transfusions (IUT). Us-
ing CUSUM analysis quality control, Lindenburg at al.
(2011) examined the results of four operators who each
performed at least 200 IUT over 22 years until 2009. They
concluded that operators need at least 10 procedures per
year to maintain competence, with others suggesting up to
15 transfusions per year might be required (Urbaniak &
Greiss, 2000).

Finding Solutions: Ensuring Procedural
Competence and Patient Safety in FLP
Solutions to the challenges faced by centers performing FLP
with low case volume may be found in new training tech-
niques incorporating simulation models to achieve and
maintain proficiency, competence-based assessment and
credentialing frameworks, and the development of collab-
orative surgical service models.

Novel Training Techniques

Emphasis on patient safety has led to a paradigm shift in
medical training in recent years. In the past, medical prac-
titioners have generally acquired their procedural skills by
practicing on live human patients, but modern medical
training, with emphasis on patient safety, increasingly uti-
lizes non-clinical techniques to equip doctors with required
skills. Many medical training institutions have developed
theory and skill-based training programs for specific pro-
cedures that must be completed by trainees before those
procedures can be performed clinically. The Fundamentals
of Laparoscopic Surgery (FLS) training program developed
in the late 1990s by the Society of American Gastrointesti-
nal and Endoscopic Surgeons includes a web-based training
program, a written test to assess cognitive knowledge, man-
ual skills development with a physical laparoscopic simu-
lation box, and a hands-on, performance-based technical
skills examination (King et al., 2016; Sroka et al., 2010). In a
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randomized trial it was demonstrated that the FLS program
resulted in improved trainee performance in the operating
theater (Sroka et al., 2010), leading FLS to be incorporated
into the general surgery training program by the America
Board of Surgery in 2010.

Simulation training has been shown to improve clini-
cal performance, shorten the clinical learning curve, im-
prove patient safety, and decrease complication rates (King
et al., 2016). A systematic review of skills transfer after
surgical simulation-based training found that participants
who reached proficiency performed better in the patient
setting than their counterparts who did not undergo the
training (Dawe et al., 2014). Medical procedure simula-
tors include mechanical, animal, and computer (virtual re-
ality) models. While there are many commercially avail-
able simulators for some areas of medicine, such as la-
paroscopy (Larsen et al., 2012) and endoscopy (King et
al., 2016), the SILICONE project (SImulator for Laser
therapy and Identification of Critical steps of Operation:
New Education program) aimed to develop a standard-
ized training program for laser therapy for TTTS (Peeters
et al., 2015c). This project used Delphi methodology to
define 55 substeps essential to the procedure, and then
developed an evaluation instrument that was validated
using a silicone simulator (Peeters et al., 2015b; Peeters
et al., 2015a). The authors concluded that proficiency-
based simulator training improves performance for feto-
scopic laser therapy, and recommended practice on a sim-
ulator prior to carrying out FLP for TTTS in pregnant
women.

Competence-Based Assessments

Competency-based medical education (CBME) moves
away from the concepts of time-based and numbers-based
training, instead placing emphasis on evaluating the clin-
ical competence of trainees using appropriate assessment
techniques (Carraccio et al., 2015; Hawkins et al., 2015).
Competency-based frameworks breakdown competencies
into measureable milestones, focusing on the achievement
of individual competencies, and ultimately the trainee’s
performance. Educational and clinical benefits of CBME
have been well documented, as have challenges in its imple-
mentation, including practical, logistical, theoretical, and
conceptual concerns (Hawkins et al., 2015). Assessment
approaches often involve scoring of performance in con-
trolled, simulated, or clinical settings, with workplace-based
assessments (WBAs) constituting one of the main clinical
competence evaluation methods. Many types of WBA have
been developed, but there continues to be concern about
validity and reliability, and the demand on resources when
running WBAs (Shalhoub et al., 2014). In regard to fetal
therapy, the SILICONE project group has reported good
inter-observer reliability and the ability to discriminate ex-
perts from novices using the assessment tool they have de-
veloped for FLP (Peeters et al., 2015a).

Multicenter Collaborative Service Models

The World Health Organization, in its report Framework
for Action on Interprofessional Education & Collaborative
Practice (World Health Organization, 2010), states that col-
laborative practice, organized around the needs of the pop-
ulation being served, assists in achieving optimal health
services and improves health outcomes. Collaboration in
healthcare has been demonstrated to improve access to
and coordination of health services, improve use of spe-
cialist resources, and result in fewer complications, lower
mortality rates, and decrease clinical error rates (Gardner,
2005; Knaus et al., 1986; Schmitt, 2001). The supporting
framework, or mechanisms, that enable a collaboration to
be effective have been identified and include: (1) institu-
tional supports (e.g., governance models, structured pro-
tocols, shared resources); (2) working culture mechanisms
(e.g., communication strategies, conflict resolution policies,
shared decision-making processes); and (3) environmen-
tal mechanisms (e.g., built environment, facilities, space
design).

In the healthcare setting, the majority of publications
defining collaboration refer to interdisciplinary collabo-
ration between medical practitioners and nurses (Tang et
al., 2013), general practitioners and specialists (Foy et al.,
2010), different types of medical specialists (Mitchell et
al., 2013), and wider groups of health and social care pro-
fessionals, including dentists, doctors, midwives, nurses,
occupational therapists, pharmacists, psychologists, social
workers, and speech therapists (Zwarenstein et al., 2009).
The development of collaborative clinical networks in rare
or complex conditions has assisted in disease diagnosis
and classification (Mehta et al., 2007) and the develop-
ment of investigation and management algorithms (Samra
et al., 2011), and facilitates collection, analysis and dis-
semination of data (Breslin et al., 2011). Regardless of
the membership, the principles of collaborative services
remain much the same. They involve sharing of plan-
ning, decision making, problem solving, goal setting, re-
sponsibility, and working and communicating together co-
operatively. Furthermore, a collaboration should benefit
from the synthesis of different perspectives, and be able to
achieve outcomes that a single individual or organization
cannot.

Surgical collaborations also bring together a diverse
group of health professionals so that a broad range of ser-
vices can be provided to enhance outcomes in particular
health settings. For example, an interdisciplinary ortho-
pedic healthcare team might consist of one or more sur-
geons, geriatricians, anesthetists, nurses, physiotherapists,
and occupational therapists (Flikweert et al., 2014). Collab-
oration between specialist units in different health institu-
tions can provide advantages in terms of service planning,
decision making, peer review, governance, continuity of
service availability, and funding access. Centralization of
uncommon or complex surgery results in improved patient

TWIN RESEARCH AND HUMAN GENETICS 279

https://doi.org/10.1017/thg.2016.24 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2016.24


Andrew G. Edwards et al.

Private 
obstetrician 

Metropolitan 
Referral  

Rural/ regional 
referral 

Interstate 
referral 

Exis�ng pa�ent of 
MHW, MMC or RWH 

Referral to MHW Referral to MMC Referral to RWH

Reviewed at ter�ary centre for considera�on of FLP by 
member of VFTS surgical +/- clinical leadership team

Consulta�on with VFTS surgical team by email, 
telephone or face to face mee�ng

Decision to proceed with FLP

Return to MHW Return to MMC Return to RWH

Decision not to proceed with FLP

Conserva�ve management; surveillance and 
delivery when indicated

Post surgical surveillance for recurrent TTTS, 
TAPS, evolu�on of fetal complica�ons

Referral

Assessment

Surgery

Follow up

FLP performed at MMC (single site)

Second opinion, if requested or required

FIGURE 1

Management pathway for the victorian fetal therapy service.

outcomes (Lemmens et al., 2011), and working with a ‘fixed
operating team’ improves operating efficiency (Stepaniak et
al., 2010). In these settings, the collaboration might consist
of health professionals with similar skill sets.

A number of large collaborations have formed in the
fetal surgery space, but most concentrate on enhancing re-
search outcomes rather than service provision. The North
American Fetal Therapy Network (NAFTNet) has called
for collaboration to establish a national agenda for clinical
and research progress in the area of fetal therapy (Johnson,
2010), recognizing the strengths of academic and clinical
partnerships in studying rare conditions and interventions,
of which FLP for TTTS is one. The Eurofetus consortium
developed the protocol and coordinated the first multicen-
ter randomized trial to show that laser therapy resulted
in higher survival rates and better neurological outcomes
in severe TTTS (Senat et al., 2004). The Maternal-Fetal
Surgery Network was created to conduct a randomized
clinical trial to evaluate in utero surgery versus standard
postnatal surgery to repair myelomeningocoele (MOMS;
Adzick et al., 2011).

Multicenter collaboration has the potential to provide
significant benefits in the provision of fetal therapy. Bring-
ing together specialists from multiple health services in a
region or country enables coordinated service provision
and streamlines patient referral and access to therapy cen-
ters. It also has the advantages of pooled resources in terms
of personnel, funding and infrastructure, and a multicen-
ter governance structure overseeing teaching, research, and
audit of outcomes.

The Victorian Fetal Therapy Service:
Lessons From a Collaborative Service
The Victorian Fetal Therapy Service is a multi-institutional
collaboration founded in 2005 with the primary aim of
making FLP for TTTS readily accessible for the approxi-
mately 75,000 pregnancies per year in the state of Victoria
and surrounding regions. By having clinical nodes in each
of the three tertiary obstetric centers in Victoria, the col-
laboration has a state-wide reach, and has been able im-
prove awareness and surveillance for TTTS among health
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TABLE 1

Benefits of the Victorian Fetal Therapy Service collaboration

• Maintains established referral pathways with individual clinicians and centers.
• Enables continuity of care with referral center.
• Ensures streamlined assessment and management of patients along agreed guidelines.
• Facilitates obtaining an experienced ‘second opinion’ when requested.
• Promotes case discussion and shared decision making for complex cases
• Enables service planning to ensure prompt and reliable access for surgery deemed ‘time critical’.
• Promotes pooling, not duplication, of services.
• Collective ‘learning curve’ for case selection, FLP surgery, post-operative care.
• Single agreed surgical site ensures experienced peri- and post-operative care team.
• Prioritization of agreed education, audit and research objectives.
• Terms of reference include built-in peer review and process of credentialing for new team members.
• Improved opportunities to attract research grant or philanthropic funding.

providers, and support established referral pathways. The
collaboration was purposively designed to meet the clinical
need of TTTS in a patient-focused manner. The collabora-
tion combines the resources — in terms of clinical expertise,
fetal surgery skills and experience, hospital services, and
funding — of the three Victorian tertiary obstetric hospi-
tals, and as such, is able to provide a continuously available
service to meet the unpredictable and often urgent demands
of TTTS. The primary goal is supported by secondary goals
relating to training, research, and education.

The collaboration is built at multiple levels, including
hospital executive at CEO level, senior clinicians, surgical
group, midwifery, and theater nursing, and biomedical en-
gineering. Agreed terms of reference have been supported
by each hospital’s executive, together with other shared doc-
umentation, such as a media policy. The governance model
consists of a surgical team and a clinical leadership group,
with representation from each of the three hospitals in both
these groups. The role of the clinical leadership team is to li-
aise closely with the surgical team during development and
provide ongoing clinical support and audit oversight. To op-
timize surgical outcomes, an experienced theater and peri-
operative team were considered essential, so all procedures
are performed at one site. The referral, assessment, treat-
ment, and follow-up pathway is summarized in Figure 1.

In its first 5 years, the VFTS performed FLP in 49 preg-
nancies with severe TTTS and achieved comparable results
to that of other national (Cincotta et al., 2009; Meriki et al.,
2010) and international series (Hecher et al., 2000; Huber
et al., 2006; Middeldorp et al., 2006; Senat et al., 2004; Ya-
mamoto et al., 2005). Over 120 procedures have been done
to date. The involvement of the three Victorian tertiary ob-
stetric hospitals in the collaboration ensured ready access
to the service, regardless of which tertiary center patients
presented to, or were referred to. By developing a team of
surgeons, we were consistently able to provide timely access,
which is essential in the management of rapidly progress-
ing TTTS, as in any time-critical surgery (Cosgrove et al.,
2008). The success of the collaborative model is evidenced
not only by the fact that perinatal survival is comparable to
other centers, but also that this period included the learning
curve. We suggest that the collective learning afforded by

the partnership has contributed to this success, not only be-
cause multiple members of the surgical group were present
for every case, but due to the improved collective expe-
rience in case selection and post-procedure management.
The culture of the collaboration has engendered strong gov-
ernance, and encouraged reflective practice, audit, and case
review. The reach of the collaboration has improved edu-
cation at a state-wide level, and has successfully attracted
philanthropic funding to support ongoing education and
research. The benefits of our collaborative fetal surgery ser-
vice are summarized in Table 1. We suggest that where a
common goal exists of providing prompt, reliable and equi-
table access to FLP, a collaborative service model can help to
overcome some of the challenges of delivering fetal surgery
services in low population density settings.

Conclusion
Collaborative surgical service models can provide some so-
lutions to the challenges of performing fetal procedures in
low volume settings. By creating common referral pathways,
optimizing case selection, surgical experience and peri-/
post-operative care, and developing a governance structure
with built-in education, audit and research objectives, we
suggest the well-established benefits of collaborative prac-
tice can be translated to treatment for TTTS and other fetal
therapies. The combination of fetal surgical collaborations
and development of novel training solutions provides an
opportunity for women in a broad range of health care
settings to reliably access high quality fetal therapies, thus
ensuring the benefits of FLP for TTTS are fully realized.
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