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Minimal invasive intrauterine interventions have gained their place

in fetal medicine. Interventions on the placenta, umbilical cord,

fetal membranes or on the fetus require special endoscopes with

their respective sheaths, cannulas and additional instruments.

Instruments for fetal therapy are purpose designed for the

procedure of interest and most gynaecologists are therefore not

familiar with them. We review the currently available

instrumentation used during operations for complicated

monochorionic multiple pregnancies, congenital diaphragmatic

hernia, amniotic band syndrome, urinary tract obstruction and

hydrothorax.
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Introduction

At the time of its introduction in the 1970s, fetoscopy was

performed for diagnostic as well as therapeutic purposes, for

example to obtain fetal blood in the diagnosis of haemoglo-

binopathies or to administer blood under direct visual con-

trol, to demonstrate pathognomic malformations or to biopsy

the fetal skin. The technique did not become widely imple-

mented because of its required skills, invasiveness and the lack

of appropriate instruments. Later, it became nearly com-

pletely abandoned as ultrasound guidance could be used for

the same purposes.

Video endoscopy boosted operative endoscopy in the 1980s

mainly by miniaturisation of telescopes as well as the use of

lightweight cameras.1,2 The creation of ‘Eurofoetus’, a research

and development project supported by the European Com-

mission, formalised a collaboration between European fetal

medicine specialists and a manufacturer of endoscopic instru-

ments (Karl Storz, Tuttlingen, Germany). European public

funds made it possible to manufacture purpose-designed

fetoscopes and instruments that would commercially never

have been viable because indications are rare and as the per-

ceived medicolegal risks of fetal intervention are high. The

first clinical applications were complicated monochorionic

twin pregnancies, and a second European research and devel-

opment project ‘Eurotwin2twin’ centred on this topic, with as

main deliverable a successful clinical randomised trial com-

paring fetoscopic laser coagulation and amniodrainage to

treat twin-to-twin transfusion syndrome (TTTS).3 Since then,

fetoscopy has gained an established place in fetal medicine

and is now used to operate on the placenta, the umbilical

cord, the fetal membranes as well as the fetus.4,5

Although operative fetoscopy shares some hardware

generic to endoscopic surgery, it also requires special endo-

scopes with a variety of sheaths, cannulas and instruments

adapted to the procedure of interest. The purpose of this

review was to introduce the obstetricians who are not fami-

liar with these and other devices used in fetal therapy, with

the exception of those used for fetal cardiovascular inter-

ventions, which is practised only in very few centres at this

moment.

Generic instruments

Fetoscopes and embryoscopes
The endoscopes that are used today in gynaecology are between

2.0 and 10.0 mm in diameter, 20–40 cm in length, have typi-

cally a rod lens system and an eye cap at the end to which

the camera connects. The current spectrum of fetoscopes in

contrast has a working length of 20–30 cm to enable

working anywhere in a (polyhydramniotic) uterine cavity,

and diameters of 1.0–3.8 mm. Their length may occasionally
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fall short in the case of obesity. In some, the eyepiece has been

moved away (deported) from the working part of the endo-

scope, reducing weight and allowing manipulation in a similar

manner to using needles under ultrasound guidance. In an

effort to reduce the scope diameter, and hence the invasiveness

of the procedure, a technical compromise between image qual-

ity and minimal diameter has been made. This introduced the

need of fibre endoscopes that allow more light instillation

and higher resolution at a smaller (<2.0 mm) diameter. To

permit different angles of view, scopes with angled lenses as

well as curved sheaths for the fibre endoscopes were developed

(Table 1).

Clinically two types are frequently used. Rod lens endoscopes

(Figure 1A, insert) contain fibres for light transmission, but

the image itself is focused by a Hopkins� rod lens system. This

technology is present in most laparoscopes and hysteroscopes.

It offers high resolution and a panoramic (opening angle

70� to 95�) either straightforward view (0�; Figure 1D) or for-

ward oblique views (e.g. 12�, 30� and 70�; Figure 1E). Rod lens

scopes are by definition straight, stiff and, at small diameter,

frail. The length allowing optimal light and image transmis-

sion is dependent on the diameter of the endoscope. For

a (empirically) defined working length of 26 cm, scopes of

2.0 mm ended up to be the lower limit of light instillation

and image transmission that is technically feasible today. The

introduction of fibre endoscopes (Figure 1A) made smaller

diameter telescopes for a similar length possible. Here, light

and image transmission occurs through optical fibres. Resolu-

tion is determined by the number of individual imaging fibres

used (up to 50 000 pixels today and still increasing). Adding

fibres avoids a honeycomb picture, increases light instillation

and image conductance, but cuts on the flexibility of the feto-

scope. Fibrescopes theoretically give a straightforward view,

unless a lens system that enables angled view up to 12� (e.g.

3.8 mm Mini-Laparoscope 8746.401, Richard Wolf, Vernon

Hills, IL, USA) is glued to the tip. Alternatively 0� scopes may

be inserted in a sheath that is slightly bent. Theoretically steer-

able endoscopes would be helpful as they can be angled acutely

and come in variable lengths. However, the mechanical ele-

ments require space within the endoscope, so that the endo-

scope would become unacceptably large in diameter for

a reasonable resolution. Conversely, currently available steer-

able endoscopes do not offer enough light transmission and

resolution.

Telescopes used beyond 12 weeks are usually referred to as

fetoscopes, while those used before are embryoscopes. The latter

are shorter (20 cm) and smaller in diameter (1.0 mm; 10 000

pixels) but light requirements early in pregnancy are less.6

Sheaths, cannulas and uterine access
Fetoscopic sheaths
Endoscopes are used within a sheath that has different func-

tions. It is a protection for the scope and also a guide. At

times, it will be curved to force the fibre endoscope into an

appropriate angle to the target (Figure 1B). In addition, the

sheath can be enlarged to allow irrigation fluids or instru-

ments through ‘Luer’-lock connections, side ports or opera-

tive canals of variable diameters. Operative canals keep

instruments in a fixed position to the scope, but this is at

the expense of an increase in diameter. Sheaths can be round

Table 1. Frequently used endoscopes for minimal invasive fetal surgery

Outer diameter

(mm)

Working

length (cm)

Angle of view Type Flexibility Opening

angle

Additional

details

Company Reference

Nr

1.0 20.0 0� Fibre Semi-rigid 70� Deported

eyepiece

Storz 11510 A

1.2 30.6 0� Fibre Semi-rigid 70� – Storz 11505 AA

1.3 30.6 0� Fibre Semi-rigid 90� Deported

eyepiece

Storz 11540 AA

2.0 27.0 0� Fibre Semi-rigid – – Wolf 8754.401

2.0 30.0 0� Fibre Semi-rigid 95� Deported

eyepiece

Storz 11630 AA

3.5 30.0 30� Fibre Semi-rigid – – Wolf 8930.422S01

3.8 30.0 12� Fibre Semi-rigid – 1.67mm

working

canal

Wolf 8746.401

2.0 26.0 0� Rod lens Rigid – – Storz 26008 AA

2.0 26.0 12� Rod lens Rigid – – Storz 26008 FUA

2.0 26.0 30� Rod lens Rigid – – Storz 26008 BUA

3.0 60.0 0� Fibre Flexible,

steerable

– 1.0mm

working

canal

Wolf 7331.001
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or oval, or irregular when they are composed of two parallel

tube elements (Figure 1F).

Cannulas
In analogy to laparoscopy, one can use a cannula (or port) to

enter the amniotic cavity. This allows multiple instrument

changes, and theoretically may reduce friction and therefore

membrane dehiscence. The cannula can also be used for

irrigation, drainage or exchange of fluid. However, the addi-

tional use of a cannula inherently increases the total outer

diameter. The range of reusable cannulas that come in dif-

ferent lengths and sizes is wide. Metal cannulas are not flex-

ible and overall have a relatively thick wall. To reduce this,

we use thin-walled plastic cannulas which were originally

designed for vascular access (Check-Flo Performer� Intro-

ducer Set, Cook Medical Inc., Bloomington, IN, USA, Fig-

ure 1C). These are also flexible, have a leak proof port house,

a length of 13 cm and come in any diameter between 4 and

15 Fr (1.33 and 5.0 mm), so that one can choose the diam-

eter according to the planned surgery.

Uterine access
Fetoscopic sheaths can be introduced directly, that is, without

a cannula. For that purpose, they are loaded with sharp obtu-

rators allowing stabbing the instrument into the uterus under

ultrasound guidance.

Figure 1. (A) 2.0-mm fibre fetoscope with deported eyepiece; insert: 2.0-mm rod lens fetoscope with standard eyecap. (B) 3.0-mm straight and curved

double lumen sheath for use with a 2.0 mm fetoscope. (C) 10 Fr flexible cannula loaded with sharp trocar for direct insertion into the amniotic cavity.

(D) Tip of a 2.0-mm rod lens fetoscope with straightforward 0� view. (E) Tip of a 2.0-mm rod lens fetoscope with forward oblique 30� view. (F) Tip of empty

double lumen sheath; (G) same sheath when loaded with fetoscope and laser fibre; (H) sheath when loaded with scope and a deflated balloon at the tip of

loading catheter. (I) Tip of 3.8 mm sheath, loaded with a 2.0 mm rod lens fetoscope with forward oblique 30� view and a deflecting mechanism working

insert – steering lever deflected. Fig 1G has been reprinted with permission of John Wiley & Sons Ltd. on behalf of the International Society of Ultrasound in

Obstetrics & Gynaecology (ISUOG). Huber A, Baschat AA, Bregenzer T, Diemert A, Tchirikov M, Hackelöer BJ, Hecher K. Laser coagulation of placental

anastomoses with a 30 degrees fetoscope in severe mid-trimester twin-twin transfusion syndrome with anterior placenta. Ultrasound Obstet Gynecol

2008;31:412–16.
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Cannulas can be inserted either by the ‘Seldinger’ technique

(as for vascular access) or directly using purpose-designed reus-

able trocars with pyramidal tip (2.5–4.7 mm, length 16–17 cm;

Karl Storz) (Figure 1C). The primary port (secondary ports are

rarely used) is inserted percutaneously under ultrasound guid-

ance, preferentially in an area devoid of placenta, and taking

into account the location of the region of interest. This requires

at least local anaesthesia of the insertion point, but locoregional

anaesthesia may be used as well.7 Mini-laparotomy, laparo-

scopic assisted or open insertion of endoscopic ports is carried

out in a limited number of conditions.8–10

Camera system and double image display
The fetoscope is connected to a high-quality cold light source

(e.g. Xenon light) via an adapted small diameter (e.g. 2.5 mm)

light cable that matches the light transmission bundle. It is

useful to choose the longer cables (e.g. 230 cm) to allow dif-

ferent positions of the equipment to the patient. Cameras are

no different from those used in laparoscopy, but the generated

image is not the only one that is relevant to the operative team.

Manipulations are also guided by ultrasound and therefore the

operator must be able to see both images during the entire

operation. Images can be displayed separately or as a ‘Picture

in Picture’ generated by software within modern screens or

a video mixer. Some modern ultrasound machines generate

a video graphics array rather than a typical composite signal,

which may cause connection mismatches to some screens or

documentation hardware. As the surgeon and the ultrasound

operator are usually not situated at the same side of the patient,

two screens may be useful. Modern advanced operating thea-

tres have such facilities integrated, at times, as part of an entire

hardware package providing simplified work processes by intu-

itive device control and optimal image reproduction by various

camera systems and other signal sources.

Distension medium
Although fetoscopy can be performed in the amniotic fluid

environment, distension media may be used to create addi-

tional working space or improve visualisation. We use

warmed Hartmann solution (lactated Ringer’s solution),

which has been shown to be safe in experimental and clinical

working conditions and within normal pressure limits.11 It is

infused by an infusion fluid warmer (e.g. Hotline�’ Smiths

Medical, Watford, UK), although purpose-designed pumps

have been described.12 Gas distension theoretically allows

a clearer view and less interference by occasional bleeding

but precludes the use of ultrasound. CO2 is soluble and there-

fore theoretically at lower risk to cause gas embolus. Its safety

is, however, a matter of debate because some argue CO2

induces fetal acidosis,13–15 and therefore the use of nitrous

oxide has been proposed.16 However, centres that have per-

formed very complex interventions using CO2 for placental

surgery did not report fetal adverse effects.17–19

Specific instruments used in particular
indications

Laser coagulation for TTTS
Laser coagulation of chorionic vessels is the most effective

therapy for TTTS.3,20 The surgical goal of the intervention is

to ablate all intertwin anastomoses, on the assumption that

these can be identified and run at the surface of the chorionic

plate. This requires appropriate visualisation as well as a rea-

sonable angle of the laser fibre to the vessels. The above are

a function of placental location, fetal position and the com-

position of the amniotic fluid, all factors that are typically

beyond control of the surgeon. The diameter of the endo-

scope is chosen according to the gestational age. For cases

beyond 20 weeks, most use a 2.0-mm fibrescope or a 2.0- to

3.8-mm rod lens endoscope, with adapted sheaths (Figure 1G).

At lower gestational ages, smaller scopes (e.g. 1.2 mm) may

do as well. Laser sources most often used are either neo-

dymium:yttrium–aluminium–garnet (Nd:YAG; wavelength

1064 nm, reported power requirements 50–100 W, e.g. Medilas

Fibertom 8100; Dornier MedTech, Wessling, Germany), diode

(940 nm, 20–60 W, e.g. Medilas D Multibeam; Dornier Med-

Tech) or potassium–titanyl–phosphate (KTP, 532 nm, e.g.

800 Series; Laserscope, San Jose, CA, USA). These have an

optimal energy absorbance in the spectrum of haemoglobin

(Figure 2A). Fibres are typically 400–600 mm in core diameter

and have a bare tip, but the outer diameter is determined by the

plastic isolation that surrounds it (total £1.0 mm; Figure 2B).

Lateral light emission (side-firing) is possible through special

tips (e.g. 600mm core; however, with a tip diameter of 1.9 mm;

Sidefocus, Dornier MedTech, Figure 2C). When purchasing

hardware, the colour of the pilot light needs to be chosen in

advance. We prefer green light. The laser is fired at a distance of

about 1 cm over a 1- to 2-cm section of the vessel until visual

cessation of flow.

Optimal energy impact is obtained at an angle as close as

possible to 90�. This becomes difficult through anterior

abdominal wall access when the placenta is anterior. A variety

of techniques to overcome this problem has been proposed,

including the use of curved scopes,8 a deflecting mechanism

(Figure 1I),21 side-firing fibres through an additional port,22

and even posterior uterine access under laparoscopic assis-

tance9 or through laparotomy.23 Alternatively, one can tumble

the placenta to a certain extent by external pressure or, inter-

nally and more functionally, by using the cannula. The latter

also prevents direct contact between the fibre and placenta

(and fetus) and contributes to local vessel compression facil-

itating coagulation (see Video S1).24 When the cannula is in

complete contact with the placenta, it is wise to lower the laser

energy. At that moment, the amount of water wherein the

energy can spread is limited to that entrapped in the cannula,

increasing the risk for vessel perforation.25 At present, it is

uncertain what the best technique for cases with anterior
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placentas is. Moreover, published data do not show that

results are clinically different.3,26,27

There is continuing debate on the selection and order

which way the chorionic plate vessels should be coagulated,

but is widely accepted that selective laser coagulation along

the vascular equator should be attempted when feasible.28–31

Selective feticide in complicated monochorionic
pregnancies
Selective feticide in monochorionic multiples cannot be per-

formed by injection of potassium chloride or xylocain because

the substance may embolise to the healthy fetus or the surviv-

ing fetus may exsanguinate via the ever-present anastomoses

into the feto-placental unit. Vascular embolising agents were

abandoned because of high failure rates,32 probably because of

incomplete vascular obliteration or product migration. Liga-

tion of the umbilical cord achieves an immediate and complete

cord occlusion but is a cumbersome and lengthy procedure.33

It has become replaced by cord or intrafetal thermocoagula-

tion. Different thermal energy sources can be used, such as laser

that can be applied by embryo fetoscopy or interstitially.34,35

Laser coagulation of the cord may be less effective than ultra-

sound-guided bipolar coagulation at later gestational ages

because of increasing size of the cord vessels.36–38 For the latter,

a 2.4- and 3.0-mm reusable forceps with length of 26 and 30 cm

(Bipolar Grasping Forceps; Karl Storz) have been developed

(Figure 3D, top). There are also 3.0-mm disposable forceps

on the market (e.g. Everest MoLly Forceps; Gyrus ACMI,

Maple Grove, MN, USA; Figure 3E). Some clinicians requested

the development of a so-called optical forceps (2.4 and 3.0 mm,

length 24.5 cm, Optical Bipolar Grasping Forceps; Karl Storz;

Figure 3D, bottom). The forceps is loaded with a 1.2- or 1.3-

mm fetoscope to directly visualise the cord at the expense of

a larger diameter (13.5 Fr). All these require the use of a can-

nula, which preferentially is inserted such that septostomy is

avoided, as this would cause an iatrogenic monoamniotic

Figure 2. (A) Absorption coefficients of haemoglobin and water with wavelengths of KTP (wavelength 532 nm), Nd:YAG (wavelength 1064 nm) and

diode laser (wavelength 940 nm). (B) Standard light guide (Dornier MedTech), diameter 1.0 mm. (C) Light guide with directed lateral (side firing)

emission (Dornier MedTech), tip diameter 1.9 mm.

Klaritsch et al.
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status. In those circumstances, section of the cord is recom-

mended to prevent cord entanglement. The overall success rate

of cord coagulation is around 80%.39,40

Intrafetal vessels can be ablated by interstitial laser,41 mono-

polar42 or radiofrequency electrodes43,44 (e.g. RF 3000 with

LeVeen Needle Electrode; Boston Scientific, Natick, MA, USA

or Starburst; RITA Medical Systems, Manchester, GA, USA or

Cool-tip RF; Valleylab, Tyco Healthcare Group LP, Boulder, CO,

USA), with reported survival rates of 76–94%45–47 As this is car-

ried out through needles that are smaller than the above cannu-

las, it is an attractive alternative particularly early in gestation.

Whether it is as effective later in gestation (especially in the pre-

sence of two normal pumping hearts) remains to be demonstrated.

Congenital diaphragmatic hernia
Fetuses with isolated congenital diaphragmatic hernia (CDH)

have variable degrees of lung hypoplasia, which still is lethal in

around 30%. Triggering of prenatal lung growth may increase

their survival chances and can be achieved through fetal tracheal

occlusion. We refer to the experimental surgical literature for

further pathophysiological details.48 Today, percutaneous fetal

endoscopic tracheal occlusion (FETO) is offered clinically for

severe cases of isolated left-sided CDH, defined as those with

liver herniation and observed over expected (O/E) lung area to

head circumference ratio (LHR) <25%. The procedure involves

insertion of an endoluminal balloon during the late canalicular

phase of lung development (26–28 weeks) and prenatal removal

during the transition of the saccular to alveolar phase (34 weeks;

plug–unplug sequence).49 The largest experience at this stage is

that gathered by the ‘FETO-Task Group’,50 but it has also been

carried out by others. Currently, the instruments used include

a 1.3-mm 17 000 pixel straightforward fibrescope housed

within a 3.0-mm sheath (Karl Storz), allowing the detachable

balloon occlusion delivery system (e.g. GVB16; Nfocus Neuro-

medical Inc., Palo Alto, CA, USA; Figure 1H). For retrieval,

a forceps or puncture needle is used. There is also a purpose-

designed blunt tip, double-flow rod lens tracheoscope with

forceps (Karl Storz) for postnatal balloon retrieval. This instru-

mentation is being improved as part of the EuroSTEC project,

which also hosts a recently approved study evaluating the

potential of FETO in moderate cases of pulmonary hypoplasia

(http://www.totaltrial.eu). Fetal tracheoscopy for balloon re-

moval is also possible when the patient ruptures membranes

subsequently and develops oligohydramnios. As a consequence,

Figure 3. (A) Introduction set for the Rocket shunting system by Rocket and (B) by Storz. (C) Rocket shunt (top) and Harrison shunt (bottom). (D) 2.4-mm

bipolar grasping forceps (top) and insert with details of forceps blades; 3.0-mm optical bipolar forceps (bottom) loaded with a 1.3 mm fibre fetoscope

and insert with detail of the forceps tip with the inserted scope. (E) 3.0-mm disposable bipolar forceps (bottom) and insert details of forceps blades.
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one could also consider applying FETO in case of persistent

oligohydramnios as a consequence of spontaneous preterm pre-

labour rupture of membranes (PPROM), as described by Kohl

et al.51 The main limitation, however, to this investigational

indication is the absence of validated criteria for lethal lung

hypoplasia because of PPROM.

Amniotic band syndrome
The aetiology of amniotic bands remains a matter of contro-

versy, but in exceptional cases progressive constriction and

vascular changes can be documented in utero.52 The first clin-

ical attempts for in utero release of amniotic bands were

described by Quintero et al.,53 and since then several reports

have been published.54,55 It may be quite difficult to identify

and release the membrane constriction deep within edematic

tissue. The instruments required are, next to a fetoscope, adap-

ted sheaths and laser energy, but that may cause collateral

damage.56 For that reason ‘optical’ scissors were developed, that

is, a pair of parrot-beaked scissors with an endoscope within

(Karl Storz), allowing direct visualisation of the operating field.

Shunting and fetal cystoscopy
Intrauterine shunting has been proposed to treat obstructive

uropathy,57 to drain cystic lesions of the thorax on very specific

indications58,59 and historically also hydrocephalus.60 Shunts

are placed under ultrasound guidance61 and typically have

a double-pigtail shape, reducing the risk of dislodgment. The

most widely used shunt is that made by Rocket, also known as

the ‘Rodeck shunt’, named after its designer (KCH; Rocket

Medical, Watford, UK, Figure 3C, top). It has a diameter of

2.1 mm, features a radiopaque and echogenic tip, and comes

with a purpose-designed introducer set consisting of a 3.0-mm

cannula, trocar with echogenic tip and pusher rods of 12 and

22 cm (Figure 3A). More recently, an alternative set with a

3.0-mm-diameter cannula, loaded with a 20-cm-sharp obtura-

tor and pusher was developed within the ‘Eurofoetus’ project

(Shunting Set; Karl Storz; Figure 3B). The Harrison shunt

(Fetal Bladder Stent Set�; Cook Medical Inc.; Figure 3C, bot-

tom) is smaller in diameter (5 Fr = 1.67 mm) and can be

introduced through a 13-Gauge needle. We are also aware of

another Japanese shunting system (Inner-stoma Forming

Catheter Set; Hakko Shoji Co. Ltd, Tokyo, Japan). Which shunt

is better is unknown, and the choice is likely to be dictated by

the precise clinical situation, diameters and operator preferen-

ces. Smaller shunts, however, may be more prone to obstruc-

tion or dislodgement that may occur in up to 20% of cases.62

The use of fetoscopy has also been proposed for exploring

the lower urinary tract. This is, however, still in its early stages

and more appropriate instrumentation is certainly required.63

The instrument size is still too large and it is often difficult to

direct the endoscope percutaneously to the bladder neck

(which is the area of interest). This limits even pioneers to

distinguish between urethral valves and atresia.64 Neverthe-

less, the potential to extend fetal cystoscopy to a therapeutic

procedure is an important prospect, and both fetoscopic ante-

grade catheterisation and hydro- or laser ablation of urethral

valves have been described.65,66

Other considerations

In general, all the above instruments are relatively unique and

it is unlikely that hospital sterilisation services or tabulating

nurses will be familiar with these. They are also very frail and

expensive. For these reasons, we trust their care into the hands

of specialised nursing staff who are familiar with their use as

they assist in the operations in our unit. European regulations

require instrumentation to be autoclavable, which initially has

been a challenge for the endoscopes but today this problem

seems solved. Of note is that many of these instruments can-

not be marketed without restrictions in the USA. Whereas in

Europe Conformité Européenne (CE) marking can be issued

to fetoscopic instrumentation, in the USA they are referred to

as mini-laparoscopes (e.g. ‘Mini-Operating Laparoscope and

Instrument Set’; Richard Wolf Medical Instruments). This

avoids pointing to its actual use or indication, for which they

are not officially approved. When instruments are registered

formally for fetoscopy, they may obtain ad hoc clearance or an

exempt status for ‘single-patient’ or ‘compassionate’ use by

the Food and Drug Administration (Humanitarian Device

Exemption).67,68 This seems mainly a local problem and the

rationale for these restrictions is not always well understood.

Future trends and perspectives
Development in this field is continuing, boosted by the increas-

ing number of applications, centres performing fetoscopy,

private and public investment (http://www.eurostec.eu) as

well as technical innovation. For instance, manufacturers are

still increasing the resolution of fibrescopes. The increase in

numbers of optical fibres improves light transmission and

resolution, however, at the same time it limits flexibility of

the scope. This may be disadvantageous for a number of appli-

cations. Also, it is technically possible to glue lenses, allowing

views at different angles similar to rod lens scopes. If small

diameter, high-resolution steerable scopes, which are also resis-

tant to the legally imposed sterilisation methods, could be

made, this may be a true step forward.

The complexity of surgery could dramatically increase

when the instrumentation required for robotic surgery could

be miniaturised, providing three-dimensional views, motion

scaling and seven degrees of freedom, enabling extremely pre-

cise surgery.69 The feasibility of robot-assisted fetoscopy has

already been demonstrated for experimental myelomeningo-

cele repair and vesicostomy in a sheep model.70,71 However,

multiple ports as well as port size remain a limitation. Single

access robotic surgery may solve this and is under develop-

ment. Meanwhile, complex procedures may become possible
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under gas distension, if concerns about maternal, fetal and

membrane safety can be ruled out. Another limitation of gas

amniodistension is that simultaneous ultrasound is not pos-

sible. The surgical patient would also benefit from perioper-

ative monitoring. Noninvasive fetal electrocardiography is at

present marketed, however does not allow permanent intra-

operative registration and requires electrodes in the operative

field. Alternatively, telemetric implantable devices can be used

but need miniaturisation.72

Next to the technical, another challenge emerges, which is

training and credentialing of clinicians. Fetal surgery has

become a clinical reality with reasonable caseloads in large

referral units. It frequently attracts the attention of the media,

and this tempts many hospitals and clinicians to offer such

services. The complexity and the overall rare indications are

a limitation for wider implementation. There is a need to

determine viability of new programmes, both in terms of

number of patients as well as true needs. The learning curve

as well as lower caseload might affect efficacy and outcomes. It

is unclear whether, and who is entitled to regulate this, but in

North America, the medical profession has already taken its

own initiative.73 Certainly, for investigational procedures,

widespread use should be avoided, and for instance myelo-

meningocele repair is currently only offered at three sites and

within a trial. Fetoscopic laser coagulation is much more

widely available, and a number of fetal medicine centres vol-

untarily gathered within the North American Fetal Therapy

Network (NAFTNET). This remains unofficial, just as in

Europe where consortia like Eurofoetus are voluntary collab-

orations without official endorsement. In Europe, regulatory

or funding authorities in fetal medicine that are empowered

at a supranational level do not exist at present, with the

exception of an European drug agency (European Medicines

Agency, EMEA). This is unfortunate and health care remains

so far a responsibility of the individual member states, who

usually do not take action in this matter.

All surgery remains an invasive enterprise inherently intro-

ducing complications. However, simultaneous development

of less invasive therapies, including cellular or gene therapy,

noninvasive energy modalities (e.g. high-intensity focused

ultrasound) or medical alternatives may eventually render

surgery redundant for a number of conditions.74–76
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