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Mentoring a surgical team towards procedural
competence in the early learning curve for selective
fetoscopic laser photocoagulation
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INTRODUCTION Selective fetoscopic laser photocoagulation (SFLP) for twin-to-twin transfusion syndrome (TTTS) is
challenging for new surgeons at the start of their learning curve. We described an approach utilising telementoring and
team-based training to facilitate rapid attainment of the skills required for safe and efficient practice with a limited caseload.
METHODS We conducted a prospective observational study of SFLP performed by the novice primary surgical team
in three stages: under direct on-site supervision from an expert mentor (Group 1), with remote tele-guidance from that
mentor (Group 2) and independently (Group 3), at an academic tertiary hospital in Singapore. The primary team undertook
regular training on high-fidelity tissue models to accelerate skills acquisition and complement the surgical performance.
RESULTS 9 patients diagnosed with Stage 2 TTTS were assessed for procedural characteristics, surgical outcomes
and perinatal survival following SFLP. There were no significant differences in operative duration, anastomoses ablated,
gestational age or birth weight at delivery. The complications observed were: recurrent TTTS (22.2% of pregnancies),
twin anaemia polycythaemia sequence (33.3%), preterm prelabour membrane rupture (22.2%) and delivery at < 32 weeks
(44.4%). = 1 twin was live-born in 88.9% of cases, while postnatal survival to six months of > 1 twin occurred in 77.8%
of cases.

CONCLUSION Systematic mentoring and specialised skills training are useful in aiding new surgeons to negotiate the
steep learning curve and achieve good outcomes at the start of a new practice, particularly in the setting of low patient
numbers. This is best paired with dedicated model training to achieve and maintain surgical dexterity for this complex

procedure.
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INTRODUCTION

Monochorionic twinning affects 30% of multiple pregnancies,
while twin-to-twin transfusion syndrome (TTTS) occurs in 10%-
15% of monochorionic diamniotic (MCDA) pregnancies, with an
untreated mortality of 70%-100%."2 TTTS results in unilateral
blood transfusion from the donor to the recipient twin, mostly
via arteriovenous anastomoses (AVAs), causing oligohydramnios
from the hypovolaemic and oliguric donor, and polyhydramnios
from the hypervolaemic recipient. This can progress eventually to
cardiac failure and the eventual death of one or both twins.? Of
the various treatments offered for TTTS, only selective fetoscopic
laser photocoagulation (SFLP) of causative AVAs at the inter-twin
vascular equator is potentially curative and permits the rescue
of both twins (compared to selective reductive techniques that
cause the death of one twin), and in experienced centres, is
associated with a 75% chance of survival of both twins.®* Twin
anaemia polycythaemia sequence (TAPS), caused by slow blood
transfusion through a few small-calibre (< 1 mm) placental AVAs,
may complicate SFLP and result in anaemia and polycythaemia
of the donor and the recipient twins, respectively.® SFLP has

been available in Singapore at two tertiary maternity units since
2011 and 2015; both have published perinatal outcomes from
their initial experiences that were comparable to international
reports.®” Prior to this, patients with affected pregnancies were
offered palliative therapies or referral to a regional fetal therapy
centre for SFLP, options that delay the institution of definitive
treatment and substantially inflate expenses. The initiation of
this advanced fetal therapy service at two Singapore hospitals
has ensured that SFLP is accessible to local and foreign affected
patients for whom it is the best therapeutic option.

SFLP is a complex procedure that has been associated
with a steep learning curve and significant maternal and fetal
morbidity.®'% As with the majority of complex surgeries, the
acquisition of skills in SFLP usually follows the traditional path of
surgical apprenticeship vis-a-vis close observation, followed by
progressive hands-on performance under direct supervision."'?
This classic training model is less time- and cost-efficient for new
fetal therapy centres, and may limit patient access to SFLP."
We have experienced similar challenges as other low-volume
fetal therapy centres in terms of negotiating the long surgical
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learning curve while achieving procedural aptitude, maintaining
competent and safe practice with a limited number of patients (not
meeting the suggested minimum of 25 annual procedures)"” and
providing rapid access to SFLP to an underserved population.”'?
This is a common experience, given that 48% of fetal laser surgery
centres, mostly situated in Asia, Australia and South America,
perform under 20 procedures annually."

To overcome these limitations, a ‘collaborative surgical
services’” model has been proposed, in which personnel and
resources are pooled and shared to improve timely access to
surgery and quality care in low-volume centres."> New models
of surgical training are designed to emulate the benefits of
traditional surgical apprenticeship, especially the skills-focused
training supervised by a surgeon-mentor, while minimising
the cost of specialist surgeons spending time away from their
primary clinical practice, including expenditures incurred in
temporary relocation and lost manpower. These models utilise
teleconferencing advances to bring the expert to the surgical team
across geographical barriers, employing the mentoring process in
the primary clinical setting to assist the surgical team in adopting
new procedures successfully.">'® Continued off-site mentoring
after the initial training phase, combined with skills practice on
high-fidelity models and competence-based assessments, can be
an effective strategy to overcome the aforementioned situational
limitations and ensure that procedural competence is maintained
beyond the period of formal training.%2?

We have previously described our team-based approach to
implementing SFLP, which relied on model practice and stepwise
skills learning with an on-site (‘hands-off’) proctor for the first
three cases performed at our institution.” We herein discuss a
natural extension of this arrangement to include continued off-site
mentoring for the second phase of cases, leading to independent
surgery without a stand-by mentor, updating the ‘see one, do
one, teach one’ approach.®2> We compared the outcomes and
complications of our first nine cases to determine the utility of
this collaborative approach as an alternative to the lengthy and
costly surgical apprenticeship model.

METHODS

Patients diagnosed with MCDA twin pregnancies at booking
visits were monitored fortnightly from 16 weeks’ gestation
for TTTS, which was diagnosed and staged using the Quintero
criteria (Fig. 1).022% All patients were offered combined first-
trimester screening at 11.0-13.9 weeks or non-invasive prenatal
testing according to the clinical protocol, followed by early
anatomic survey at 18 weeks. Inter-twin discordance in nuchal
translucency of > 20%, crown-rump length > 10%, nuchal
translucency > 95th centile, or cardiac dysfunction in one twin
were considered as early indicators of TTTS based on meta-
analyses of MCDA biomarkers.®%3" Patients with Stage 1 TTTS
were monitored at least twice weekly for clinical progression,
including cardiac failure in the recipient twin,*” and were offered
SFLP based on the following criteria: (a) at least Stage 2 TTTS;
(b) gestational age < 26 weeks; and (c) the absence of perinatally
lethal structural or genetic anomalies in either fetus. Patients

were extensively counselled regarding the diagnosis, alternative
therapeutic options and potential complications of SFLP.® The
multidisciplinary team consisted of fetal therapists, maternal-fetal
medicine specialists, obstetric anaesthetists, nurse specialists and
administrative support staff, who had prepared for this clinical
service together with workflow drills and training on high-fidelity
models.”'” Patients were informed upfront about the relative
inexperience of the surgical team and the on-site or telepresence of
the overseas-based surgeon-mentors for support and supervision.
All patients provided written informed consent for the SFLP, video
recording, photography and placental dye studies, and agreed to
the mentoring arrangement. Pre-procedural planning involved
placental and vascular equator mapping to determine the point
of fetoscope entry.”'? Surgery was scheduled as soon as the
mentor could travel to our centre; when this was not possible,
real-time telementoring was arranged via multiple-user internet
teleconferencing applications Skype (Skype Technologies SARL,
Palo Alto, CA, USA) and WhatsApp (WhatsApp Inc, Mountain
View, CA, USA) over fourth-generation (4G) broadband cellular
networks, as the operating room was not equipped for formal
videoconferencing. Fetoscopic images were captured directly from
the screen and transmitted to the mentor, who was able to follow
the entire surgery and advise on the proceedings. Patients diagnosed
with TTTS who underwent SFLP were assigned into Groups 1-3
chronologically. The first cases were performed with a mentor on-
site (Group 1) and the last cases were performed by the primary
surgical team independently (Group 3). Cases 5 and 6 (Group 2)
were performed by the team with the mentor observing remotely
(i.e. telementoring) to assist with technical difficulties.

All procedures were performed under general anaesthesia in
anticipation of a potentially lengthy surgery. Patient position and
choice of fetoscope (curved or straight; Karl Storz Endoskope Berlin
GmbH, Berlin, Germany) were determined by placental location,
and surgical team members performed specific roles, as previously
described.”'? Selective ablation of all identified AVAs along the
vascular equator was achieved using a 400-pum or 600-um diode
laser at 15-30 W (Medilas D Multibeam; Dornier MedTech
Asia, Singapore), followed by ablation of residual superficial
anastomoses across the vascular equator from one placental
margin to the other (Solomon technique), if technically feasible,
to minimise the risk of post-SFLP TAPS.®? Bleeding from ablated
AVAs was handled using coagulation of feeder vessels and by
applying transabdominal pressure to achieve a tamponade effect.
Amnioreduction was performed at the end of the procedure from
the recipient twin sac in all cases until the deepest vertical pocket
reached ~4 cm. Cervical length and dilatation were assessed
using transperineal ultrasonography (US). After the procedure,
patients were observed in the ward for 48 hours, followed by
repeat US before discharge. All patients were placed on a short
course of prophylactic oral antibiotics and tocolytics (nifedipine
and indomethacin) to maintain uterine quiescence.

Patients were followed up with weekly US monitoring for
resolution of TTTS features such as re-accumulation of donor
twin amniotic fluid and improved recipient twin cardiac function.
Umbilical artery and middle cerebral artery Doppler studies were
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Fig. 1 Procedural flowchart shows the diagnosis and staging of patients with twin-to-twin transfusion syndrome (TTTS) who underwent selective fetoscopic
laser photocoagulation (SFLP). IUFD: intrauterine fetal death; MCDA: monochorionic diamniotic; sSIUGR: selective intrauterine growth restriction; TAPS:

twin anaemia polycythaemia sequence

performed to assess placental function, developing anaemia
and cardiac dysfunction. US surveillance for procedure- and
monochorionicity-related complications continued once to twice
weekly, particularly for persistent TTTS, TAPS and selective fetal
growth restriction. Placental dye injection was performed, as
previously described, to assess completeness of laser ablation.®?
Ethical approval for collection and use of human data was
granted by the National Healthcare Group Domain Specific
Review Board (reference no. DSRB/2017/01128). Statistical
analysis was performed using GraphPad Prism version 6.04
(GraphPad Software Inc, La Jolla, CA, USA). Data was expressed
as median and range. Groups were compared using two-
way analysis of variance with Tukey correction for multiple
comparisons. Statistical significance was set at p < 0.05.

RESULTS

Between 2015 and 2017, nine pregnancies that were complicated
by Stage 2 TTTS were treated with SFLP (Table ). Cases 1-4
were performed under on-site supervision by the surgeon-
mentor (Group 1), Cases 5 and 6 were performed under off-site
supervision via real-time videoconferencing (Group 2) and Cases
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7-9 were performed independently with the expert proctor
available by telephone for troubleshooting (Group 3). There were
no demographic differences between the groups. The median
gestational age (GA) at TTTS diagnosis was 20.1 (range 19.1-20.7)
weeks. SFLP was performed at a median GA of 20.7 (19.4-21.6)
weeks (Table Il). The median diagnosis-to-procedure time was
4.0 (2.0-7.0) days, with lower intervals in Group 2 (2.0 [range
1.0-3.0] days) and Group 3 (5.0 [range 1.0-6.0] days) compared
to Group 1 (7.0 [range 5.0-12.0] days).

The mentor’s advice on team and equipment organisation
(Fig. 2a), fetoscope entry, identification and photocoagulation
of individual AVAs at the vascular equator (Fig. 2b) assisted
the primary surgical team in completing the surgery and
troubleshooting complications (e.g. placental-site bleeding).
Residents recorded the locations of AVAs within the recipient twin
amniotic sac during the initial fetoscopic end-to-end examination
of the vascular equator (Fig. 2c). Detailed evaluation was
performed after each surgery with critical feedback on the team’s
performance and improvements required. When telementoring
arrangements were required on challenging cases, real-time
images were continuously provided to the remote mentor using
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Table I. Patient and fetal characteristics at diagnosis of TTTS.

Characteristic % No.
Overall Group 1 Group 2 Group 3
Maternal data
No. of patients 9 4 2 3

Age* (yr)

33.0(32.0-33.5)

32.0 (29.0-39.0)

33.5(31.0-36.0)

31.0 (29.0- 36.0)

Nulliparity

444

1

2

1

Nuchal thickness

Discordance between twins* (%) 17.8 (14.3-33.3) 32.9(30.0-37.5) 1437 12.5(5.9-35.0)
High risk of cFTS 11.11 1 0 0
Normal karyotype 66.7 2 1 3

At diagnosis of TTTS*

Gestational age (wk)

20.1 (19.1-20.7)

20.7 (16.9-25.3)

19.1 (18.7-19.6)

19.6 (18.4-22.3)

EFW of donor (g)

226.0 (123.0-451.0)

248.5 (123.0-421.0)

216.0 (206.0-226.0)

221.0(161.0-451.0)

EFW of recipient (g)

283.0(161.0-547.0)

298.5(161.0-521.0)

301.5 (269.0-334.0)

239.0 (237.0-547.0)

EFW discordance (%)

18.6 (7.5-27.7)

18.9 (4.9-24.8)

27.7 (23.4-32.0)

7.5(1.6-46.8)

Group 1 had on-site mentoring, Group 2 had remote mentoring and Group 3 performed surgery independently. Cases were numbered in chronological order of
treatment. *Data presented in median (range). tMeasurement available in only one case. cFTS: combined first-trimester screening; EFW: estimated fetal weight;
TTTS: twin-to-twin transfusion syndrome

Mentor 4 : R Mentor

Recipient Coagulating large vessels

Fig. 2 Photographs show on-site mentoring and telementoring during the first cases of selective fetoscopic laser photocoagulation (SFLP). (a) The
primary surgical team was mentored in a hands-off manner, with a focus on team organisation and (b) completing SFLP efficiently and safely, especially
in technically demanding situations (e.g. on large vessels). (c) Residents recorded the locations of arteriovenous anastomoses (black circles) within the
recipient twin amniotic sac during the initial fetoscopic end-to-end examination of the vascular equator. (d) For telementoring, fetoscopic images were
filmed directly from the screen using a mobile device and sent to the mentor via the internet through the course of the surgery. Good image quality was
obtained, allowing the telementor and team to identify outlying anastomoses with the donor or recipient origins of vessels (arrows) and (e) carefully
‘shave’ larger vessels with photocoagulation to prevent rupture or bleeding.

a mobile smartphone and 4G Internet connection (Figs. 2d & e).
The image quality provided was generally satisfactory for the
mentor to confirm the correct anastomoses (if the appearance
raised doubts) and to advise a suitable approach for large vessels at
risk of rupture. The mentor stayed online throughout the surgery.

The median duration of surgery was 96.5 (67.0-145.5)
minutes (Table I11). 5-11 AVAs were ablated in each patient.
Large vessels were carefully ablated by ‘shaving’ the girth of

the vessels from the periphery inwards and by coagulating the
smaller feeder vessels to achieve satisfactory cessation of blood
flow." The main complications were brisk bleeding from uterine
vessels that were lacerated upon entry; haemostasis was achieved
by applying pressure with the fetoscope under direct vision. The
Solomon technique was performed under direct supervision in
Cases 3 and 6, and in all cases in Group 3 to minimise the risks
of TTTS recurrence and TAPS. It was not performed in Cases 1,
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Table Il. Surgical outcomes.

Outcome % No.
Overall Group 1 Group 2 Group 3
SFLP
GA at procedure* (wk) 20.7 (19.4-21.6) 21.6 (18.6-26.3) 19.4 (18.9-20.0) 20.3 (18.6-23.1)
Time from diagnosis to procedure* (day) 4.0(2.0-7.0) 7.0 (5.0-12.0) 2.0(1.0-3.0) 5.0 (1.0-6.0)
Duration of procedure* (min) 96.5 (67.0-145.5) 101.0 (75.0-109.0) 145.5(99.0-192.0) 67.0 (58.0-117.0)
No. of anastomoses ablated* 7.5 (6.0-8.0) 7.0 (6.0-10.0) 6.0 (5.0-7.0) 7.0 (6.0-11.0)
Solomon technique 55.6 1 1 3
Amnioreduction volume* (L) 1.2(1.1-2.2) 2.2 (1.5-3.0) 1.2(0.9-1.5) 1.1(0.9-1.2)
Anterior placenta 55.6 3 2 0
Posterior placenta 444 1 0 3
Straight fetoscope 66.7 3 0 3
Curved fetoscope 333 1 2 0
Intrauterine bleeding
Placenta 0 0 0
Uterine entry site 222 2 0
Blood-stained fluid 333 1 2 0
Washout required 11.11 0 0 1
Cervix
Length* (cm) 3.3(2.9-3.6) 2.9t 3.3(3.2-3.3) 3.6(3.1-3.9)
Cerclage 0 0 0 0
Post SFLP
Donor hydrops 1.1 0 0 1
Recurrent TTTS 222 1 0 1
Repeat SFLP 11.1 0 0 1
TAPS 333 1 0 2
sIUGR 55.6 2 1 2
Discordant for fetal anomaly 1.1 0 0 1%
Amnioinfusion 11.1 1 0 0
Amnioreduction 222 1 0 1
PPROM 22.2 1 0 1
Preterm < 37 wk
Delivery > 32 wk 444 3 1
Delivery < 32 wk 444 1 0
PPROM 22.2 1 0 1

Group 1 had on-site mentoring, Group 2 had remote mentoring, and Group 3 had independently performed surgery. *Data presented as median (range). tMeasurement
available in only one case. #Selective feticide by radiofrequency ablation for cerebellar aplasia in ex-donor twin. AF: amniotic fluid; GA: gestational age; PPROM: preterm
prelabour rupture of membranes; SFLP: selective fetoscopic laser photocoagulation; sIUGR: selective intrauterine growth restriction; TAPS: twin anaemia polycythaemia

sequence; TTTS: twin-to-twin transfusion syndrome

2, 4 or 5, because the primary team decided that it would have
been too technically demanding. No other adverse outcomes
(e.g. placental abruption or hysterectomy) were encountered.
Transient donor hydrops was observed in Case 8 within the first
week after SFLP and resolved spontaneously.®®

Cases 5 and 9 had persistent oligohydramnios and absence
of the urinary bladder in the donor twin following satisfactory
AVA ablation, with eventual re-accumulation of polyhydramnios
in the recipient twin, and were classified under recurrent TTTS
(incidence 22.2%, Table II). Both cases required amnioreduction
from the recipient sac within a week of SFLP, which in Case 5,
preceded preterm membrane rupture and emergency Caesarean
delivery at 27.1 weeks, approximately 1.9 weeks post SFLP. In
Case 9, post-SFLP sonographical surveillance showed rapidly
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progressing Stage 3 TTTS, with abnormal placental blood flows
in the donor fetus and evidence of cardiac strain in the recipient
fetus, requiring repeat SFLP. This was performed at another
regional fetal centre that was better equipped to perform the
complex surgery. Two large central anastomoses that had
originally been ablated had recannulated, causing recurrence and
were successfully re-ablated. The patient was eventually delivered
for progressively abnormal placental blood flows. Three cases
of TAPS that were diagnosed sonographically (Cases 2, 7 and 8,
incidence 33.3%) were managed expectantly.®

Selective intrauterine growth restriction (sIUGR) was diagnosed
in Cases 2, 4, 5, 7 and 9 based on > 25% intertwin discordance
from the estimated fetal weight (range 25.3%-46.8%).°> Case 2
was complicated by TAPS, while in Case 4, intrauterine death of
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Table Ill. Survival characteristics.

Characteristic % No. (%)
Overall Group 1 Group 2 Group 3
Delivery
EFW discordance (at last US)* 18.0 (9.6-33.0) 17.0(5.7-32.4) 33.0f 9.6 (1.7-17.5)
GA at delivery* (wk) 32.7 (28.6-36.2) 36.2 (27.1-36.9) 32.7¢ 28.6 (27.3-29.4)
Procedure-to-delivery interval* (wk) 8.9(8.9-14.7) 14.7 (0.9-18.1) 8.9(5.0-12.7) 9.1 (4.1-10.0)
Caesarean section 55.6 3 1 1
Vaginal 333 1 0 2
Birth weight
Ex-donor* (g) 1,402 (985-1,982) 1,982 (860-2,765) 1,4021 985 (830-1,138)
Ex-recipient* (g) 1,888 (877-2,200) 2,200 (1,330-3,155) 1,888 877 (530-1,224)
Weight discordance* (%) 25.7 (21.6-31.8) 31.8(12.4-35.3) 25.7* 21.6 (7.0-36.1)
Spontaneous fetal loss before birth*
One twin 222 1 1
Both twins 1.1 0 1
> 1 fetal loss 333 1 2
Live birth
One twin 333 1 1 1
Both twins 55.6 3 0 2
> 1 live born 88.9 4 1 3
No. of live-born neonates 13 7 1 5
Postnatal death < 28 days
One twin 0 0 0
Both twins 1.1
Postnatal death > 28 days
One twin 11.1 1
Both twins 0 0
Neonatal survival at 28 days
> 1twin 77.8 1 2
Both twins 444 3 0
Infant survival at 6 mth
> 1 twin 77.8 1 2
Both twins 333 2 0 1
Haemoglobin
Ex-donor* (g/dL) 14.7 (13.0-23.2) 16.7 (13.0-23.2) NA 11.9(9.4-14.4)
Ex-recipient* (g/dL) 13.9(11.3-18.2) 11.3(8.6-21.7) 13.5 18.2
Blood transfusion
Ex-donor® 333 1 1 1
Ex-recipient® 333 2 0 1
Neurological lesions
Intracranial haemorrhage 7.7 1 0 0
Minor non-specific 384 4 1 4
Neurological deficits 7.7 0 1 0
Respiratory distress syndrome 384 2 1 2

Group 1 had on-site mentoring, Group 2 had remote mentoring and Group 3 performed surgery independently. *Data presented as median (range). tStillbirth of
ex-donor twin diagnosed just before delivery. $Does not include Case 7, in which selective feticide of the ex-donor was performed for inferior vermian agenesis by
radiofrequency ablation. §For anaemia of prematurity and twin anaemia-polycythaemia syndrome. EFW: estimated fetal weight; GA: gestational age; ICH: intracranial
haemorrhage; NA: not available; US: ultrasonography

the growth-restricted twin occurred at approximately 32 weeks.  post SFLP upon diagnosis of a serious structural anomaly by
The incidence of sIUGR was 55.6% (n = 5) out of nine patients.
The incidence of preterm prelabour membrane rupture (PPROM)

was 22.2%. One sibling twin (Case 7) was selectively terminated

radiofrequency ablation.®® The prenatal loss rate of at least one
fetus was 33.3% (n = 3) and the loss rate of both fetuses was
11.1% (n = 1; Table II).
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Fig. 3 Photographs show the results of placental dye injections performed to determine the accuracy of selective fetoscopic laser photocoagulation,
identifying (a) AVAs (yellow stars); (b) recannulated AVAs, which, in this case, were the cause of recurrent twin-to-twin transfusion syndrome (white star
ina & b); and in optimally completed procedures, (c & d) individually ablated AVAs (yellow stars) followed by superficial ablation of residual anastomoses

(broken line in d). AVA: ablated arteriovenous anastomosis

There were no significant differences in postnatal outcomes
between the groups. There were trends towards lower GA at
delivery, shorter procedure-to-delivery intervals and lower birth
weight in both twins in Group 3 compared to Group 1 (Table IlI).
Survival of at least one twin to birth was 88.9% (n = 8), with
double survival in 55.6% (n = 5) of all pregnancies treated.
All were born preterm at < 37 weeks, with 44.4% delivered
at < 32 weeks. The median ages at delivery were similar: 36.2
(range 27.1-36.9) weeks (Group 1), 32.7 weeks (Group 2, single
survivor) and 28.6 (range 27.3-29.4) weeks (Group 3). The
median procedure-to-delivery interval was 8.9 (8.9-14.7) weeks,
with a trend towards shorter intervals in Groups 2 and 3 (Table I11).

Placental dye injections were performed in every case in
which patients gave consent to identify arteries and veins from
donors and recipients. Six placentas were examined after birth
for residual anastomoses (Figs. 3a—d), excluding Case 7 (declined
consent), and Cases 6 and 9 (delivered overseas). A partially
recannulated AVA between the proximately sited cords was
observed in Case 5 (recurrent TTTS, white star in Fig. 3a & b),
while the remaining AVAs were successfully coagulated (yellow
stars in Figs. 3a & c). The other placentas showed no obvious
residual anastomoses (yellow stars in Fig. 3d) and satisfactory
Solomon ablation (broken line in Fig. 3d).

Survival of at least one twin was observed in 77.8% of
pregnancies at both 28 days and six months, and 33.3% of
pregnancies had both twins surviving at six months (Table 1lI).
One twin pair and one ex-recipient died at seven days and
49 days, respectively, from prematurity-related respiratory distress
syndrome. Neonatal complications included spastic cerebral
palsy (7.7%, one out of 13 infants) and benign intraventricular
changes (66.7%) in six infants who had normal neurological
outcomes at 8-35 months of age.

DISCUSSION
This report illustrates the usefulness of a collaborative effort
to introduce a new complex surgery while maintaining safety
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and producing satisfactory outcomes. Prior to establishing
SFLP locally, patients with treatable TTTS were referred to
regional centres; these arrangements, commonly self-funded,
result in delayed treatment and represent an unsustainable
solution, particularly when surgery is needed urgently. The
conventional apprenticeship model requires resources for surgical
training and a minimal case-load (25-75 procedures) to attain
proficiency.®'” Outcomes reflect individual and institutional
learning curves that are influenced by the clinical team working
collectively to manage the patient.®” While achievable in high-
volume centres, successful adoption of SFLP is a real challenge in
a low-volume clinic servicing a much smaller population."® Thus,
we adapted a collaborative model utilising on-site mentoring and
telementoring with model practice to achieve these goals. This
review of our initial outcomes in the early part of the learning
curve is important to validate the safety and efficacy of this
approach.

We worked closely with two regionally based fetal surgeon
mentors who were able to travel quickly and teleconference
easily across negligible time differences. The primary team
acquired basic fetoscopy skills through model training, as no
local surgeon had undergone a full fetoscopy apprenticeship.?
These arrangements proved particularly helpful in the first cases
that presented technical challenges (i.e. anterior placentas, large
vessels), which were overcome with much greater efficiency
under direct supervision of the mentor,” and in post-SFLP
management for recurrent TTTS and TAPS."® There were greater
procedural delays for Group 1, as travel arrangements had to be
made for the overseas mentor, and these first cases predictably
took the primary team longer to organise. The duration of surgery
was the longest for Group 2, as these cases were complicated by
anterior placentae and significant intrauterine bleeding. Placental
dye injections enabled reflection and continuous learning from
the unsuccessful cases.

Survival rates in our preliminary series are comparable to
those in the published literature, including survival rates for
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pregnancies with at least one live birth (88.9% vs. 70%-88%),* '
two survivors (55.6% vs. 35%-74%) and no survivors (11.1%
vs. 9.5%-27%),3® respectively. Rates of PPROM, perinatal
survival and neonatal death in our cohort were similar to
published outcomes."3® Incidences of recurrent TTTS (22.2%)
and TAPS (33.3%) were higher than the reported rates of 0%—16%
and 2%-13%, respectively.®*® This data reflects the primary
team’s inexperience in identifying and ablating smaller or more
peripheral anastomoses, and in dealing with large AVAs, as well
as the small patient numbers in this series.

The approach we used illustrates the prerequisites for a
mentoring system to work effectively: the primary team operating
efficiently as a single unit (performing all cases together to
improve operating efficacy), with each member fulfilling specified
functions,” ' immediate feedback from the mentor, and
specific skills reinforced by model practice.*” The proximity
of regional centres allowed us to coordinate the entire team,
including the overseas mentor, within days. The main limitation
to the timely growth of a new fetal therapy centre is a caseload
that is insufficient to attain and maintain proficiency in the
traditional sense.“” As our centre services a small population
with a low birth-rate, it will not easily meet the conventional
numeric requirements for institutional competence in uncommon
procedures.“? This solution gives the primary team the confidence
to proceed with service provision without compromising patients’
rapid access to SFLP within the existing healthcare system, and
can be adapted to provide accessible advanced therapies at
similar low-volume centres.

While surgical apprenticeship is the accepted practice,"" it
is inadequate in itself to meet the increasing demand for SFLP
at low-volume centres.“*¥ Skills acquisition as a surgical team
and effective mentor-mentee communication were the critical
factors in the success of the collaborative model driven by patient
and institutional needs and can be applied to other complex
surgical therapies."3# Mentoring beyond the apprenticeship
period provides continued benefit,"*4® resulting in fewer clinical
errors, complications and mortality.“”*® We acknowledge that
although this is a promising approach to skills acquisition for
new techniques, our numbers are small and hence, further studies
with larger numbers are required to reinforce our conclusions.
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