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The EUROFOETUS Project *
The unborn fetus has become a patient to whom diagnosis and therapy is offered 
prior to birth. These are preferentially carried out in a non-invasive way. Sometimes a 
fetal anomaly or disease may require an invasive procedure to establish the  diagnosis 
or cure the condition. Under ultrasound guidance, a needle can be inserted to sample 
amniotic fluid, fetal blood or administer medication or perform a blood transfusion. 
This has  limited and acceptable risks and is widely practiced. More seldom, direct 
 visualization of the fetus is required to rule out an anomaly, at the time ultrasound is 
not capable of providing a conclusive diagnosis. In some rare conditions, the fetus 
needs to be operated on during its intra-uterine life. Fetal surgery typically required 
maternal laparotomy, hysterotomy, and temporary exposure of the fetus. Such a 
procedure is unfortunately associated with adverse fetal side-effects while being very 
invasive to the mother. A minimally invasive endoscopic approach seems therefore 
an  attractive alternative. In the 1990s the diameter of endoscopes could dramati-
cally be reduced and video-technology boosted endoscopic surgery. However, virtu-
ally no purpose-designed instruments for use in fetoscopy were available. From an 
ecomomic al viewpoint there are not much incentives for the medical industry to invest 
in the develop ment of such instruments, the field being small and appreciated as 
high risk. In addition a strong scientific basis for the claimed benefits of operative 
fetoscopy was lacking, and the clinical experience present in the late 1990s was 
limited and scattered.

The Eurofoetus project was intended as the European answer to these problems. 
Within the Biomed programme, the European Commission wanted to stimulate 
 research and development in biomedicine. A consortium was proposed that would 
bridge the gap between early experimental procedures and safe and routine clinical 
implementation of operative fetoscopy. Most European expertise available at that 
time was merged and leading-edge medical centres were connected with the relevant 
biomedical industry. Clinical partners complementing each other and a world leading 
manufacturer of endoscopic equipment were brought together. Purpose-designed 
miniature fetoscopic instruments and devices were built and tested. A number of 
embryoscopes and fetoscopes, with their appropriate sheaths and a range of instru-
ments were released to production. Being the only available purpose-designed tools 
for the fetal medicine specialist, they are and will continue to be a reminder of the EC 
support for this project far outside European borders.

The consortium has also deployed a registry to monitor safety of fetoscopy, and initi-
ated clinical studies, that are run over the website of the project. One condition, twin-
to-twin transfusion syndrome, is amenable to fetoscopic therapy. This has become 
the most common fetoscopic operation today. A clinical study showing that laser 
 coagulation of anastomoses by fetoscopy was superior to serial amnioreduction in the 
treatment of transfusion syndrome was initiated by the consortium and is  expected to 
be published in early 2004. The website of the project hosts information to the public, 
and particularly for patients to whom fetoscopy is offered. The group was further able 
to provide the experimental basis for a technique of sealing the surgical defect in the 
fetal membranes following fetoscopy. This could prevent the adverse consequences 
of rupture of the fetal membranes as a complication of fetoscopy. It will now need a 
preclinical evaluation and clinical study. New instrumentation also allowed the group 
to accomplish the first percutaneous fetoscopic procedure resulting in the successful 
treatment of a baby with congenital diaphragmatic hernia.

By 2002, and in part thanks to the Eurofoetus project, the fetus has become the 
 patient who benefits the most of minimally invasive surgery. As it can stay in its  natural 
environment during the procedure, chances for survival dramatically improve. The 
needed instruments and the experimental basis for their application were laid down 
by the consortium, and fetoscopic surgery has therefore become a clinical reality. The 
group continues its work after obtaining a new grant dedicated to research into the 
topic of monochorionic twin pregnancy (Euro-Twin-2-Twin).

* Text dates from 2004
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Obituary on Umberto Nicolini (1952–2008) *
One of the most elegant figures in prenatal diagnosis and fetal medicine left us on 
4 January. Umberto Nicolini surrendered to a rapidly progressive illness at the age 
of 56. Umberto trained in obstetrics and fetal medicine at Clinica Mangiagalli in 
 Milan, Italy and, in the mid 80s, went to the UK to join Charles Rodeck firstly at King’s 
 College Hospital and then at Queen Charlotte’s Maternity Hospital. In 1988, Umberto 
first described fetal blood sampling from the intrahepatic portion of the umbilical 
vein as an alternative procedure in cases where cord needling was unsuccessful1. 
On returning to Italy, as head of the department at Buzzi Hospital in Milan, he con-
tinued to demonstrate his scientific expertise and capacity for innovation producing 
over 170 international publications, a selection of which are listed here1–9. He was 
the  mentor of many fellows and was always prepared to share his enthusiasm for 
novel and thoughtful strategies in the ever experimental field of fetal medicine. Gentle 
irony and generosity were the basis of his sophisticated sense of humor. Elegance 
applied to every aspect of this most British of Italian gentlemen’s life. He was cool 
and sophisticat ed, even when performing the most difficult invasive procedures. His 
creativity will be greatly missed in many scientific societies such as IFMSS, ISUOG, 
the Fetoscopy group and ECCI.

Corinne Hubinont and Yves Ville
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The EUROTWIN2TWIN Project *
Monochorionic (MC) twins are rare (3/1,000) but have a considerably higher peri-
natal mortality and more neurological sequelae than dichorionic twins or singleton 
 pregnancies. Furthermore, 10 % of MC twin gestations are complicated by the 
Twin-to-twin transfusion syndrome (TTTS). The cause of this poorer outcome lies in 
the ever present vascular connections in the placentas of MC twins. Although MC 
status can be identified early in pregnancy, this is often omitted due to unaware-
ness of its consequences. There are neither data to offer guidance on how to follow 
up these high risk pregnancies, nor how to treat TTTS. The EuroTwin2Twin project 
proposes clinical studies to provide an improved pathophysiologic rationale, so as to 
increase our understanding of the natural history of early diagnosed MC twins and to 
determine the exact risk factors that contribute to the development of TTTS or other 
complications. We will evaluate the incidence and nature of long term sequelae in 
 survivors of TTTS. A prospective study will be conducted to determine which is the 
best therapy for TTTS, neurological morbidity in survivors being the  primary  variable. 
In those patients, we will determine the placental angio architecture, correlate it to 
clinical pregnancy outcome and use this information to establish a computer model 
for the disease. In addition instrumental innovations are proposed to improve therapy 
of TTTS and abnormal MC twin pregnancy. 

The partners of this project are listed on page 4 of this brochure. 
www.eurotwin2twin.org

The EuroSTEC Project**

The aim of this project is to use tissue engineering techniques in the treatment of 
children with structural birth defects, such as spina bifida, urogenital defects, gastros-
chisis, diaphragmatic hernia and esophageal atresia. The research involves different 
areas:

  development of biomatrices suitable for tissue engineering,
  cell culture systems and biomatrix interactions,
  animal models for congenital birth defects
  clinical studies on innovative therapies for congenital birth defects,
  ethical and regulatory aspects of registries and clinical studies.

The goals and work programme of this project can be looked up at the website 
of the project www.eurostec.eu. Of immediate relevance to this document are the 
clinical studies  relating to in-utero therapy for diaphragmatic hernia. A number of new 
 instruments were developed for that purpose. These are currently being tested in 
 clinical studies which are part of this project. The project is coordinated by the Radboud 
University Nijmegen Medical Centre (Wout Feitz, Urologist). The partners involved 
in the instrument development are as follows: Katholieke Universiteit  Leuven (Jan 
Deprest, Gynaecologist), University of Barcelona Hospital Clinic (Eduardo  Gratacos, 
Gynaecolo gist) and King’s College of London (Kypros Nicolaides,  Gynaecologist) and 
KARL STORZ – Endoskope, Tuttlingen, Germany (Gérard Barki).

* Modified from project abstract dated 2002.
** Modified from project abstract dated 2007.
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1.0 Basic Principles of Operative Fetoscopy and 
Access to the Amniotic Cavity

 Chapter editors: Jan Deprest, Philipp Klaritsch and Gerard Barki

Fetoscopy has been reintroduced in fetal medicine, occasionally for  diagnostic, but 
mostly for therapeutic procedures on the placenta and the cord, the membranes and 
even on the fetus. Obstetricians are often unfamiliar with the principles of  modern 
video-endoscopy, therefore some additional information on this technique may 
be useful. Minimal investments include a good quality light source, video camera, 
purpose -designed fetoscopes and energy sources. We use a Xenon light source, 
a three-chip digital camera, and a video display with integrated “picture-in-picture” 
mode allowing ultrasound and video-endoscopic images to be shown simultaneously 
at a  variable magnification according to the surgeon’s needs. The endoscopes are 
quite different from their hysteroscopic or laparoscopic counterparts. In Europe, 
 considerable investments by the European Commission in its “Biomed 2 Programme” 
have been made to allow instrument  development by the partner in the Eurofoetus 
research  consortium (KARL STORZ, Germany). As a result of this project, a number 
of  fetoscopes with diameters of 1.0–2.0 mm and working lengths of 20–30 cm are 
now available. A remote eyepiece reduces weight and allows the operator to handle 
the instrument as (s)he would do with a needle steered by ultrasound guidance. The 
majority are semi-flexible fiberscopes, which can be used as delivered (with straight-
shaft design) or – depending on the indication – may be bent by gentle deflection of 
the sheath. A new generation of this type of scopes is now available, which come 
with a specific preformed curvature.1 HOPKINS® rod lens telescopes have also been 
manufactured, with directions of view of 30° or more. This is not feasible (yet) in 
semi-flexible fiber-endoscopes. Alternatively, steerable fiberscopes may be used.2, 3 
Steerable endoscopes are constructed in a different way to make them deflectable. 
The fibers inside are also different, and so far steerable endoscopes roughly have a 
lower number of pixels than semi-flexible fiber-endoscopes of a comparable diameter, 
which in turn restricts resolution and in terms of image definition reduces quality. This 
may obviously change in the future as these scopes may now have a chip on the tip.

The majority of scopes are used within a sheath, encasing the endoscope and any 
additional instruments, e.g.,  as a laser fiber in case of photocoagulation of placental 

Seldinger technique, using a guide wire, ( previously introduced through a needle) over which a dilator and cannula are advanced (a).
Percutaneous direct trocar insertion (b). Anterior placenta. Fetoscope in flexible  cannula (c) which has been introduced under vision via mini-
laparatomy. The latter mini-laparotomy access is to our knowledge no longer practiced today. 
All these modalities are intraoperatively  monitored by ultrasound.

c

ba

1.1
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or cord vessels. The upper part of the sheath may be narrower and in this way keeps 
the fiber in a stable position. Luer lock connections allow for irrigation or drainage of 
fluid. The sheath can either be introduced directly or through a cannula. For direct 
introduction, the sheath is loaded with its accompanying trocar, i.e., a sharp obturator. 
Under ultrasound guidance, the sheathed trocar is pierced through the abdominal 
wall, myometrium and membranes, and once inside, the obturator is withdrawn and 
replaced by the endoscope of interest. In the course of the subsequent procedure, 
the sheath and scope are moved back and forward according to the needs of the 
intervention, but cannot be withdrawn completely without giving up access to the 
amniotic cavity.

The most recent development is a new generation of fetoscopes with up to two 
 integrated working channels, irrigation port, atraumatic tip and improved vision.

Therefore, the authors have always preferred the use of formal cannulas, i.e., ports 
that are maintained throughout the entire procedure allowing instruments and scopes 
to be passed through repeatedly, just as in operative laparoscopy. This permits 
changing of the instruments and may reduce the risk of membrane dislodgement, 
since the cannula is moved less in relation to the membranes during the procedure, 
however, this is completely speculative. Cannulas can come in any size. Preferentially, 
they are thin-walled in order to keep the membrane trauma to a minimum.  Reusable 
rigid  cannulas made of stainless steel are also available for some instruments. We 
have rather used disposable thin-walled, and thus semi-flexible plastic cannulas 
that are  marketed today for vascular access. These come in a variety of sizes, and 
KARL STORZ has made  appropriate trocars for the entire range of interest.4 Another 
way of gaining access to the amniotic cavity is by puncture, the introduction of a guide 
wire, over which a dilator and cannula are advanced (Seldinger technique), as we first 
described in 1998.1 When working in a natural amniotic fluid environment, vision can 
be hampered by blood or debris and exchange of fluid may be needed. Less than 
optimal vision  is  described in around 5 % of fetoscopic laser procedures for TTTS. 
We use prewarmed Hartmann’s solution heated by a blood warmer or previously a 
special amnio-irrigator.5 The use of gaseous distension media has occasionally been 
described for fetal surgeries, such as spina bifida repair and a few other rare indica-
tions. For further technical details on endoscopes and ancillary equipment, we refer to 
more recent handbooks on fetal therapy and specialized articles.6–8, 13

Energy sources are needed to coagulate the vessels of interest. When using a laser, a 
unit with appropriate coagulation properties is needed. We use either a Nd:YAG laser 
(1064 nm) (minimal power requirements 60 – 100 W) or a diode laser (940 nm, 60 W) 
with fibers of 400 to 600 µm. Interstitial laser application has been described, but will 
be commented on later in the section on cord occlusion.9 Electrosurgery is obviously 
a more widely available tool. In 2000, we described the use of bipolar forceps to 
coagulate the umbilical cord, a procedure which can entirely be done under ultra-
sound guidance.10 Monopolar energy was first described by the team of Rodeck to 
coagulate intrafetal vessels.11 Also radio frequency generators have since been used 
for that purpose, which are devices often used in the percutaneous treatment of liver 
or lung metastases and renal lesions.12
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Steps for insertion of the endoscope. After 
local anesthesia, a small skin incision is made 
(a), the trocar is inserted under ultrasound 
guidance (b), and finally the fetoscope is 
advanced through the cannula (c).

c

b

a
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2.0 Embryo-Fetoscopy*
 Chapter editors: Yves Ville and Yves Dumez

2.1 Introduction
The first attempt to visualise the fetus with a panendoscope was performed in 1954.1 
Embryoscopy and fetoscopy were developed in the 1970s. They were introduced as a 
diagnostic tool to visualise external malformations of the fetus in the first,  second and 
third trimesters of pregnancy as well as to obtain fetal tissue for diagnostic  purposes2,3 
and perform fetal intravascular transfusion.4–6

Diagnostic fetoscopy during the second and third trimester was abandoned in the late 
80s due to the invasive nature of the technique and the development of high  resolution 
ultrasound imaging. Percutaneous access to fetal blood and tissue sampling under 
continuous ultrasound guidance also became possible in the late eighties.7

For a while, there was renewed interest in embryo-fetoscopy due to the increasing 
use of ultrasound in the first trimester and accompanied by the development of 
new  equipment, especially miniature fiberscopes, which were enhanced in terms of 
 image resolution while being less invasive. Anomalies suspected in the first trimester 
often call for a rapid and complete fetal evaluation and microendoscopy allows for a 
sono-endoscopic assessment of fetal anatomy.8 This may help a couple to decide 
whether to carry on with the pregnancy or to opt for early termination of pregnancy 
(TOP). Meanwhile, improved image resolution of modern ultrasound equipment has 
obviated the need for embryoscopy. Potentially, there may still be some indications 
for embryoscopy allowing to gain access to the fetal circulation at an early stage.

2.2 Technique
Since the early days of endoscopy the technical characteristics of the endoscopes 
have undergone dramatic change, both in terms of quality and size. Thanks to the 
progress in fiberoptic technology, very thin endoscopes with diameters ranging from 
0.5 to 2.0 mm have been developed. 

For embryo-fetoscopy, we selected a semi-rigid endoscope (diameter 1  mm, 
length 20 cm) with a remote eyepiece as the best compromise between image quality 
and minimal invasiveness.

Embryoscopy is a term that is appropriate only before 12 weeks of gestation while 
 fetoscopy may be used for procedures at a later gestational age.10 Thin-gauge 
embryo- fetoscopy was developed in the mid 1990’s.13 Under ultrasound guidance, 
a thin 18 G-sheath, loaded with a sharp pyramidal tip trocar, is introduced into the 
amnio tic cavity. The trocar is removed and the small 1 mm-semi-rigid fiber- endoscope 
with remote eyepiece and coupl ed video camera is passed through the lumen of the 
sheath. 

The technique was first used on women undergoing TOP.23,24 It was used to exclude 
external malformations in ongoing pregnancies.25,26 Human data are still limited but 
infants born after first trimester embryoscopy did not demonstrate any visual impair-
ment.17 The exact risk of abortion following the procedure is unknown. It is  probably 
not much greater than that of first trimester amniocentesis, though some  studies 
published recently suggest a fetal loss rate of up to 5 % for procedures performed 
before 14  weeks of gestation.30,31

Intra-amniotic embryofetoscopy can be offered to:

  selected families for the diagnosis of congenital malformations and genetic 
 conditions10 where the fetal anomaly may not be amenable to early ultrasound 
diagnosis but could be detected by direct external examination.

  First trimester ultrasound is being widely introduced to screen for fetal  aneuploidies 
by measurement of nuchal translucency.22 Diagnosis of a number of structural ab-
normalities is also possible at this gestation.20,21 Transabdominal fetoscopy may be 
indicated when external fetal abnormalities are strongly suspected and a detailed 
morphological assessment is not immediately possible by ultrasound.

* Text dates from 2004
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Local anaesthesia with 10 cc of 1% xylocaine is given down to the myometrium 
through an i.m. injection needle. The needle path is continuously visualised by US 
and helps planning the introduction of the trocar. Under direct ultrasound vision a 
trocar and cannula are introduced into the amniotic fluid. The sharp trocar tip must 
be inserted with a precise but well-controlled forward pressure to avoid pushing and 
tenting of the membranes, especially because amnion and chorion are not always 
fused at this stage. Since only a partial view of the fetus is obtained, the entry site 
of the needle needs to be carefully planned to visualise the relevant parts. Once in 
the amniotic cavity, only gentle movements are performed with the tip of the scope 
under continuous ultrasound guidance. Prior to the procedure the picture should be 
adjusted for sharpness by short-distance focusing.

Intra-amniotic bleeding occurs in as much as 10–15 %, and is more frequent when 
the needle is introduced through the placenta; however, the trophoblast and / or the 
membranes can bleed even when avoiding to enter the trophoblast. This is clearly a 
limitation of the technique.13

Amniotic fluid can be exchanged with Hartmann or normal saline at 37°C.32 However, 
once mixed in amniotic fluid, plasma will cause a cloudy aspect of the fluid and the 
procedure will have to be abandoned in 75 % of the cases.
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2.4 Embryoscopy in Pregnancy Failure
 Editors: Anne Pexsters, Veronika Beck and Jan Deprest

Recently, transcervical embryoscopy has been revived in the evaluation of missed 
abortion prior to 12 weeks, in particular in recurrent miscarriages or fertility treatment 
programmes1, 5. In the latter, those pregnancies that have a higher risk to fail, might 
be biochemically identified very early in their course, and as such, could be assessed 
electively. In that case, endoscopic equipment is introduced through the cervix and 
the procedure may be completed with evacuation of the products of conception. 
For this purpose, specialized instrumentation is often used, consisting of a 0° or 30° 
hysteroscope, housed within a continuous-flow irrigation sheath providing a constant 
exchange of irrigation fluid (at body temperature and a pressure of 40–120  mmHg)2, 6 
and allowing for insertion of instruments (Bettocchi operating sheath, outer diameter 
3.6  mm, 5 Fr., 26152 BI/BO with 30° scope 26008 BA of 2 mm diameter; KARL STORZ 
GmbH, Tuttlingen, Germany). The operator first localizes the gestational sac, and 
 surgically opens the chorionic membrane. At that stage of the procedure, the embryo 
can already be seen through the amnion. By further opening the  amniotic membrane 
with micro-scissors, a closer look can be taken at the different fetal elements and 
from different sides. Similarly, the yolk sac and umbilical cord are inspected. Normal 
or anomalous embryogenesis is usually described and dated in function of the crown-
rump length (CRL) as measured on ultrasound or described in the Carnegie stages.3 
After that, direct sampling of chorionic villi is possible, as well as directed embryonic 
biopsies. Prior to 7 weeks, the embryo can usually be removed in toto. One can use 
ultrasound guidance, which in the authors’ experience facilitates localization of the 
gestational sac and the structures inside. In summary, apart from external or pheno-
typic description, embryoscopy allows specimens of pure embryonic material to be 
obtained for subsequent genetic testing, ruling out the presence of maternal con-
taminating  material. Collection of specimens can be part of the scheduled evacuation 
of products of conception, and usually lengthens the duration of the procedure only 
by 10 minutes. Also, the procedure-related complications are similar, i.e. bleeding, 
infection and perforation. 

Paschopoulos et al. leave the amnion intact and reported on 42 patients with first 
 trimester miscarriage.4 Ferro et al. work intra-amniotically and published data on 
68  patients presenting with missed abortion in an IVF programme. Compared to 
 material obtained from curettage, cytogenetic analysis of embryoscopic specimens 
was more informative in 22% of cases.2 Philipp et al. reported abnormal standard 
karyotyping with G-banding in as many as 75% of 233 missed abortions. 18% had 
a variety of abnormal phenotypic features, despite a normal karyotype.8 In 7% no 
 phenotypical or cytogenetic abnormalities could be found.7 The same group described 
the typical phenotype of triploidy with severe cranio-facial malformations, retarded 
limb development, delayed retinal pigment development and neural tube defects.6 
Monosomy 45X is associated with microcephaly, encephalocoele and limb retarda-
tion.7 Obviously, those defects would not be detected on curettage specimens, nor 
would they be typically seen on routine high-definition ultrasound.

Robberecht et al. (2012) reported on genetic findings in patients with recurrent 
pregnancy loss. Chromosomal aberrations were identified in 65.6% (21/32) of mis-
carriages and in 89% (8/9) of anembryonic cases. Interestingly, 4/11 chromosomally 
euploid embryos contained regions of loss of heterozygosity > 5 Mb, suggesting the 
miscarriages might be due to an underlying lethal recessive disease.9

Various Steps of Embryoscopy. 
Hysteroscopic view of the gestational sac (a); 
Surgical opening of the chorionic membrane (b); 
Transamniotic membrane view of the  embryo 
(c); Forceps retrieval of the embryo (d); Intra-
amniotic view of an embryo with a cleft lip 
(e); The embryo in figure (e) had translocation 
dup(4q32.3-qter), dup(10pter-q11.22), XY; View 
of the yolk sac (f); Gastroschisis in a trisomy 16 
embryo (g).
© UZ Leuven, reproduced, with permission 
of the authors and Gynaecologic Surgery 
 published by Springer Berlin – Heidelberg.1
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3.0 Twin-to-Twin Transfusion Syndrome (TTTS)
  Chapter editors: Liesbeth Lewi, Tim Van Mieghem, Yves Ville, Kurt Hecher 

and Jan Deprest.

3.1 Pathophysiology
Monochorionic (MC) twins account for 20% of twin pregnancies. In all of them, 
 placental vascular anastomoses are found and in about 10% twin-to-twin-transfusion 
syndrome (TTTS) arises as a consequence.12 Specific angioarchitectural patterns 
cause a net blood flow from one fetus (donor) to the other (recipient). Arterio-venous 
anastomoses are responsible for blood volume alterations. The two branches –  artery 
and vein – come from different umbilical insertions and disappear only a few milli-
meters from each other in the placenta so that the anastomosi(e)s is(are) limited to the 
area of one (or more) cotyledon(s). In other words, a “shared” cotyledon is a  capillary 
anastomosis, fed by an arterial branch from one co-twin while being drained by a 
venous branch of the other co-twin (Figs. 3.1–3.3).

As a consequence, the donor twin is hypovolemic and has oliguria leading to oligo-
hydramnios, whereas the recipient twin shows hypervolemia, leading to polyuric poly-
hydramnios. The diagnostic criteria for TTTS used in Europe are a deepest  vertic al 
pocket (DVP) of amniotic fluid for the donor of <  2 cm, whereas this parameter in the 
recipient should measure ≥ 8 cm before 20 weeks and ≥10 cm beyond 20 weeks of 
gestation. In the USA, a threshold of 8 cm at all points of time in gestation is used. 
The disease is staged by ultrasound features, depending on the presence (stage I), 
or absence of bladder filling in the donor (stage II), Doppler abnormalities in any fetus 
(stage III) or hydrops (stage IV).21 Even though stage is related to outcome, it has no 
proven consequences in terms of management.9 

Schematic drawing of placenta of a monochorionic twin pair with different types of anastomo-
ses (arterio-arterial, arterio-venous, veno-venous).  

3.2

View from the placenta. Normal cotyledon with 
paired vessels, from and to the same fetus (a). 
Shared cotyledon, with artery and vein 
belonging to different fetus (b). 
Superficial unpaired vessels, that do not 
connect closely (c). Some researchers have 
suggested the presence of deep anastomoses.

a

c

b

c

3.3

Monochorionic placenta harvested after an 
uncomplicated pregnancy. Vessels have been 
catheterized and injected with different dyes 
(By courtesy of Liesbeth Lewi, University 
Hospitals Leuven, Belgium).  
Several anastomoses can be visualized (red 
circles). The vascular equator does not neces-
sarily coincide with the intertwine membrane. 

3.1
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Data is given as % of pregnancies (95% confidence interval) and (number of pregnancies with 
given number of survivors / total number of pregnancies at this Quintero stage).

Table 1: Stage-related Outcome after Laser Therapy for TTTS (adapted from Huber A et al., 2006)8

Quintero 
Stage 0 survivors 1 survivor 2 survivors at least 1 survivor

Stage I
(n = 29)

6.9 (0.8–22.8) (2/29) 17.2 (5.9–35.8) (5/29) 75.9 (56.5–89.7) (22/29) 93.1 (77.2–99.2) (27/29)

Stage II
(n = 81)

17.3 (9.8–27.3) (14/81) 22.2 (13.7–32.8) (18/81) 60.5 (49.0–71.2) (49/81) 82.7 (72.7–90.2) (67/81)

Stage III
(n = 80)

17.5 (9.9–27.6) (14/80) 28.7 (19.2–40.0) (23/80) 53.8 (42.2–65.0) (43/80) 82.5 (72.4–90.1) (66/80)

Stage IV
(n = 10)

30 (6.7–65.2) (3/10) 20 (2.5–55.6) (2/10) 50 (18.7–81.3) (5/10) 70 (34.8–93.3) (7/10)

The currently known stage-related outcomes of laser therapy for TTTS in  a European 
series by Hecher and co-workers are presented in Table 1. TTTS typically occurs 
between 16 and 26 weeks of gestation.29,30 The natural history of the disease is disas-
trous, with a pregnancy loss rate of 80% or more.4 Until the late 1990s, the standard 
of care was serial amnioreduction, reducing the loss rate to around 50%.25 Drainage 
does improve placental perfusion,2 but mainly reduces the risk of preterm delivery. 

A more causative approach is fetoscopic inspection of the placenta and laser 
 coagulation of chorionic plate anastomoses (Figs. 3.2–3.5). The goal is to  bichorionize 
the monochorionic placenta. This arrests the TTTS, but also prevents exsanguination 
of one twin into the other after single intra-uterine fetal death (IUFD). Insufficient or 
incomplete coagulation may leave one or more anastomoses open, and lead to recur-
rent TTTS (10–14%) through remaining anastomoses, reversed TTTS, IUFD or twin 
anemia polycythemia sequence (TAPS). Persistent anastomoses may occur more 
frequently than anticipated, yet this is probably technique and operator-dependent, 
as well as – subject to clinical working conditions – determined by placenta location 
and visibility.11, 13, 23, 26 For that reason, the patient needs to be screened for recurring 
twin oligo-polyhydramnios sequence (TOPS) or elevation of peak systolic  velocity 
in the middle cerebral artery, indicative of anemia.7,14 Given the fact that persistent 
anastomoses are frequently found,13 an effort was made to improve the technique, 
as will be explained in section “3.2 Technique”.31,32 IUFD is not uncommon, and this 
may affect both the donor and the recipient twin. In the donor, fetal demise is related 
to preoperative umbilical artery (UA) Doppler abnormalities, whereas in the recipient, 
postoperative UA Doppler abnormalities were found to increase the risk of IUFD.18 
Research into risk prediction models is ongoing, as it would be clinically very relevant 
to determine whether a given fetus is susceptible to IUFD.

The procedure is completed by amnioreduction to normal levels. Complications are 
peritoneal irritation by amniotic fluid leakage through the uterine entry point, iatrogenic 
preterm prelabour rupture of the membranes (PPROM) (7% within one week, 28% 
before 34 weeks), placental abruption (1%) as well as infection and haemorrhage in 
rare cases.25, 27 An earlier drainage or stained liquid may hamper visualization, as well 
as an unfavourable placental location. For patients with anterior placentas, special 
techniques and dedicated instrumentation have been developed. Among the special 
features are a deflecting mechanism that has been integrated in the sheath,8 side -firing 
laser fibers that may be used through an additional insert,19 use of a laparoscopic- 
assisted  posterior uterine access17 and, as first described by the authors, use of the 
cannula to rotate the placenta and to improve the angle of coagulation, while prevent-
ing the fiber from getting into contact with the placenta (for additional information, 
see ref.  10,  20). So far, none of these techniques has been shown to provide an added 
 benefit, and for that reason the authors have maintained the practice of mostly  using 
curved scopes of the same diameter and lateral trocar insertion. This is facilitated by 
the introduction of a novel curved scope with two integrated working channels and 
improved image quality. Other groups achieve similar results by the consequent use 
of other techniques.8



Endoscopy in Fetal Medicine 17

Schematic drawing of two different membrane positions on a placenta with identical angioarchitecture as in Fig. 3.2. By the combination of 
oligo- and polyhydramnios the membrane is folded, but its insertion remains fixed. This, together with the presence of a fetus, may hamper the 
visualization of the entire vascular equator from within the sac of the recipient.

3.4

Arterio-venous anastomosis 
(from donor to recipient).

a

3.5

Arterio-arterial anastomosis.

b

Veno-arterial anastomosis.

c

Intertwin membrane. 

d

Photographic documentation (Figs. 3.5a–d) 
of all types of vascular anastomoses and the 
intertwine membrane (Courtesy: University 
Hospitals Leuven). 
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3.2 Technique*
Full video-endoscopic hardware is needed, such as a high quality light source, 
 video camera, and video monitor, optionally with extended functionality including 
 “picture-in-picture” capability for simultaneous projection of ultrasound and endo-
scopic images. The fetoscopes and accompanying sheaths need to be adapted to 
the actual presentation of the case. We typically use first a KARL STORZ  2.9-mm 
HOPKINS® diagnostic rod lens endoscope or fiberendoscope for vascular  mapping; 
some more unusual conditions and purpose-designed equipment are described 
below. The fetoscope’s accompanying sheath has an instrument channel for the laser 
fiber; more recently, this has been superseded by an integrated system accomodat-
ing the fiberendoscope and allowing for the use of two operative channels, facilitating 
irrigation. The laser energy source typically is either a Nd:YAG or a 940 nm diode laser 
with 400 or 600 µm laser fibers. Procedures are obviously done under strict aseptic 
conditions.

The entry site and hence that of the local anesthesia is determined on the basis of 
following  criteria:

1. Identification of the fetuses and placenta. Ideally the scope should enter the 
 amniotic cavity of the recipient in the polyhydramnios sac, and directed at a 90° 
angle to the longitudinal axis of the donor. This will increase the likelihood, that a 
perpendicular position in relation to the inter-twin membranes can be obtained as 
well.

2. The entry site should enable a maximum overview of the placental surface in 
 between the two cords, however with minimal angulation of the scope. This is 
 indeed where the vascular equator of the placenta will most likely be. The placen-
tal cord insertions of the twins must therefore be carefully searched and mapped.

3. Avoiding the placenta, fetal parts and major maternal vessels. The 
 placenta is  often flattened by the poly hydramnios and the edges cannot always 
be  dis criminated with certainty before amnioreduction. Additional important 
 landmarks are the  position of the cord insertion and the position of the donor twin. 
If the  placenta assumes an  anterior position and is amenable to a lateral access 
only, one should not take the risk of  maternal injury to the uterine or broad  ligament 
vessels. These should be identified by using colour Doppler sonography. In these 
cases, the scope should rather be directed towards the placenta, and possibly 
through the edge of it, avoiding richly vascularized areas. In order to  provide 
 adequate visualization of the  placental surface, purpose-designed  semi-rigid, 
curved or other type of endoscopes will be used. The wider 2.9-mm diameter 
HOPKINS® endoscope (26120  BA, 30°) may be used to map the placenta.

4. Local anesthesia and trocar insertion: The sonographic transducer is ideally 
held in the left hand of a right-handed operator to monitor the entire introduction 
process of needles or any other instruments. The needle must be inserted 3 cm 
away from the transducer at an angle of 45° with the horizontal probe. These are 
the prerequisites for directing the needle accurately towards the target area with 
a clear visualization of the entire length of the needle throughout injection. The 
anticipated track of the trocar should be calculated avoiding any interposition of 
the bowels or other vital structures. The local anesthesia (we use 1% lidocaine) is 
injected down to the myometrium. A skin incision is made and the trocar is inserted 
with short and sharp pushes in different steps, first to penetrate the abdominal wall 
layers. Thereafter, the  trocar is re-aligned and its position checked with ultrasound. 
A second sharp push is used to advance the trocar into the amniotic sac of the 
recipient. The use of sharp instruments and pushing without hesitation are of key 
importance to prevent  membrane tenting and dissection.

5. Accurate Identification of Anastomotic Vessels. At this time, the endoscope 
replaces the sharp  trocar within the introductory sheath. If a cannula was used, 
the appropriate endoscope and sheath is slipped down through it and directed at 
the intertwin membrane. The latter, along with the cord insertions are utilized as 
fixed landmarks within the uterus. Alternatively, or as an additional step, one can 
work from the donor cord (if visible) or follow the vessels leaving the donor sac 
under the membrane. Indeed, from the cavity of the recipient, the dividing amnio-
tic membrane and its placental insertions are easily detectable as a white line. 
This is from where the blood vessels, leaving the donor and crossing below the 
membrane in the direction of the recipient, can be traced and monitored for any 
communication with the opposite side. The aim of the procedure is to coagulate all 
anastomoses. Arteries are distinguishable from veins, their desoxygenated blood 
having a darker color than the lighter red of the veins. In addition, the arteries are 
usually found crossing over the veins. 

* as practiced in several European centers.

a

Anastomosis before (a) and after (b) laser 
coagulation. The impact of laser exposure 
becomes noticeable by blanching of the 
vessel and surrounding tissue. 

b

3.6
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6. In some instances, vessels are encountered where it proves impossible to 
 determine whether they anastomose or not, because of the position of the inter-
twin membrane, fetal position, inclination angle or other physical limitations. In 
that case, we  recommend that these also be coagulated. If any difficulty arises 
during this step of the procedure, we recommend to inspect the placenta with 
a HOPKINS® rod lens endoscope, which offers a high quality image owing to its 
larger diameter, albeit, in this case, one should bear in mind that simultaneous 
laser application is not feasible.

7. Laser coagulation is performed at a distance of approximately 1 cm, and ideally at 
an angle of 90°, preventing the laser fiber at all times from coming into contact with 
the vessel. Shots of about 3 to 4 sec, according to tissue response, are delivered 
to sections of about one cm. Laser energy should be set according to the source 
used, the diameter of the vessels and the tissue  response. Typically, a Nd:YAG 
laser would be set at 50 to 70 W or a 940  nm diode laser at 20 to 40 W. Covering 
amnion will immediately go blanching which does not mean that the coagula-
tion of the vessel has been efficient. Large vessels (>  3 mm) can be  approached 
at different locations and with various angles to progressively obtain narrowing, 
and ultimately, coagulation of the vessel. Large-sized  vessels are  susceptible to 
the risk of iatrogenous perforation when treated at excessive  laser power levels, 
as was demonstrated in experiments.33 Once all vessels have been  coagulated, 
the operative sites are reinspected to ensure that coagulation has been  effective 
(Fig. 3.7). Again, a HOPKINS® rod lens endoscope may be used for that purpose.

8. Bichorionization by lining of the placenta (“Solomon technique”). Notwith-
standing the above procedure, residual anastomoses were detected after birth. 
Therefore, it was speculated that small-caliber vessels could have been missed 
between the laser coagulation points, or that new anastomoses could have 
formed later on (even though it has never been proven that this is possible). To 
overcome this, several operators proposed to “line” the placenta, i.e., that the 
laser be used to draw a line along the imaginary vascular equator – in effect result-
ing in a connection of all laser impact points – and to extend it to the borders of the 
placenta (Fig. 3.8). In a randomized trial, this technique was shown to be superior, 
i.e., associated with less problems from residual anastomoses.32

9. Amnioreduction completes the procedure until levels at or just below the normal. 
Suboptimal drainage may cause further leakage after removal of the cannula and 
is a source of peritoneal irritation.

10. The cannula is removed while monitoring the area with ultrasound, to track 
 significant bleeding from the uterine wall. Postoperative surveillance includes the 
observation of pulse and blood pressure. Potential complications are haemor-
rhage from the entry point or persistent fluid leakage as well as abruptio placentae. 
 Clinically  relevant maternal morbidity was observed in 5 out of our more than 
400 cases in a 10-year-period, including one case of placental abruption, three 
amni otic fluid leakages with clinical signs of peritonitis, and one intra-abdominal 
bleeding that required transfusion of two units of blood. A more remote complica-
tion may be infection.25

Shown is the actual process of laser 
coagu lation of an arterio-venous anastomosis 
 (Courtesy of University Hospitals Leuven). 

b

a

3.7

Schematic drawing of monochorionic placenta after selective coagulation of anastomoses (a); 
in (b), all coagulation points are connected and that should divide the placenta along the 
vascular equator.

3.8

a b

Injection study after complete coagulation: no 
residual anastomoses were found (Courtesy of 
Liesbeth Lewi, University Hospitals Leuven).

3.9



Endoscopy in Fetal Medicine20

3.3 Results
The superiority of laser coagulation over amniodrainage was proven in the Euro foetus 
randomized trial.25 Laser treatment resulted in a later delivery (33.3 versus 29 weeks), 
a better survival rate at 6 months of age (at least 1 survivor in 76% compared to 
51%) and less neurological impairment (intraventricular hemorrhage grade III or IV: 
1% versus 6%; cystic periventricular leukomalacia: 6% versus 14%; infants alive 
without major complications at 6 months: 52% versus 31%). A recent Cochrane 
review confirmed that laser therapy is the current first-line standard of care and is 
widely recommended.22,34

Recently, a multicenter European randomized controlled trial, comparing “con-
ventional” laser surgery to complete coagulation of the vascular equator (Solomon 
technique), demonstrated improved outcomes.32 The primary outcome was a com-
posite of the incidence of TAP-sequence, recurrence of TTTS, perinatal mortality and 
severe neonatal morbidity. This compound outcome measure occurred in 94 (34%) 
of 274 fetuses in the Solomon group versus 133 (49%) of 270 in the conventional 
technique group (OR 0.54; 95% CI 0.35–0.82). The Solomon technique was asso-
ciated with a reduction in twin anaemia polycythaemia sequence (3% vs 16% for 
the standard treatment; OR 0.16, 95% CI 0.05–0.49) and recurrence of twin-to-twin 
transfusion syndrome (1% vs 7%; 0.21, 0.04–0.98). Perinatal mortality and severe 
neonatal morbidity did not differ significantly between the two groups. No serious 
adverse events occurred. On injection studies, the percentage of placentas with 
residual anastomoses in the Solomon group and standard group was 19% (14/74) 
and 34% (26/77), respectively (P = 0.04).35 What may be even more important is that 
despite the improved technique, injections studies demonstrate that there may still be 
anastomoses, meaning that careful follow-up remains mandatory.

With regard to long-term follow-up, a follow up study on survivors from cases 
managed in Hamburg (age between 14 and 44 months), neurologic problems were 
observed in 22% of survivors,1 of which 11% were mild and 11% were severe. In a 
later series by the same group, 7% of infants showed minor and 6% showed major 
neurologic abnormalities.6 The reduced neurologic impairment in the second report 
may be  explained by increased operator experience. These results are significantly 
better than the 16% minor and 26% major abnormalities observed in a cohort treated 
with amnioreduction.5 Another series treated with fetoscopic laser coagulation by the 
Leiden group reported a 17% incidence of neurodevelopmental impairment and a 
7% cerebral palsy rate at 2 years of age,15 which is significantly lower than the 26% 
cerebral palsy rate after amnioreduction in an earlier report by the same group.3 In all 
of these series, neurologic impairment affected donors as frequently as recipients. 
The outcomes of long-term neurodevelopmental follow up from the Eurofoetus trial 
has now also been published, albeit with mixed results on children up until the age 
of six. The number of children lost to follow up was low (n = 10). There were no 
differences in the rate of cerebral palsy between those who received fetoscopic 
selective laser coagulation (9/69, 13%) and those who received amniodrainage (6/41, 
15%). Neurodevelopmental assessment using Ages and Stages Questionnaires were 
better in the laser group at age five only, however by age six there were no longer 
any differences when children were assessed by the Wechsler Intelligence Scale for 
Children Test (WISC). It has been suggested that this discrepancy with the previous 
(non-randomised) studies may be due to underestimation of neurodevelopmental 
 impairment in the amniodrainage group of this follow up study. In the original Euro-
foetus study, more neonates in the amniodrainage group had been diagnosed with 
severe neurological anomalies leading either to neonatal death or the withdrawal of 
intensive care. If this group of children had survived, a much greater difference in 
neurodevelopmental outcome at age six would be expected. If this is indeed true, 
then fetoscopic laser therapy continues to afford the best short and long term neuro-
developmental outcomes compared with alternative treatment options.16, 24
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Schematic drawing showing the use of a straight fetoscope in a patient with anterior placenta: suboptimal conditions for visualization and laser 
coagulation as the scope is in parallel with the placenta (a). The percutaneously inserted curved fetoscope is now more perpendicular to the 
target on the placenta (b). Historically, a high transfundal access was realized through mini-laparotomy (c). To our knowledge, this is no longer 
practiced today.
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a b

c

3.4 Fetoscopic Placental Surgery  
in Case of Anterior Placenta

 Chapter Editors: Jan Deprest, Kurt Hecher and Yves Ville

Successful laser coagulation of chorionic vessels for treatment of severe twin-to-twin 
transfusion syndrome depends on appropriate visualization of the structures of inter-
est to the operation. This involves, that the following conditions must be met:

1. there should be an adequate view within the amniotic fluid, 

2. it must be possible to visualize the vascular anatomy of intertwin vessels, and 
preferentially, also the landmarks of interest to this operation, such as the intertwin 
membrane and/or umbilical cords

3. it must be possible to inclinate the laser fiber at an angle towards the vessel as 
close as 90°, in order to obtain maximal effectiveness of coagulation.

When the placenta is located posteriorly, these conditions are easily met. In case of 
an extensive anterior placenta this may be more difficult, if instrumentation does not 
offer that degree of adaptability needed for modifications on a case-to-case basis 
(Fig. 3.10a).

In this section, we describe some technical solutions to perform the operation under 
more optimal working conditions. Although we earlier proposed a transfundal can-
nulation technique through mini-laparotomy, we have abandonded its use.3 With 
laparotomy one indeed creates a more appropriate access point to direct the endo-
scope towards the placenta, but recent improvements have made it possible to avoid 
laparotomy at all. We have posted a video on tips and tricks as a supplement to a 
review on fetoscopic instruments.5

Curved Endoscopes
As a personal preference (J.D.) we strive to use a formal introductory port (can-
nula) to  access the amniotic cavity rather than a direct introduction of the fetoscopic 
sheath.  Using  cannulas has some advantages, since they reduce the friction between 
 moving  instruments or scopes and the fetal membranes, and offer the possibility to 
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change instruments without losing access. On the other hand it (marginally) adds 
to the  diameter of the access point. We have become very familiar with the use of 
thin-walled, semi-flexible cannulas, that are commercially available in any diameter 
 between 4 and 15 Fr (1.6 to 5 mm – Check Flo Performer, COOK®, Belgium). The 
diameter to be used is choosen  according to the largest instrument to be used dur-
ing the operation. They can be inserted  under ultrasound guidance either with the 
 Seldinger technique (see Chapter 1), which involves that the myometrial and mem-
brane stab wound is gradually expanded up to the desired diameter, or directly by use 
of purpose-designed pyramidal-tipped trocars. It is essential for the use with curved 
instruments, that these  cannulas be flexible. The endoscopes are semi-flexible fiber 
endoscopes,  either 1.3 mm or 2.0 mm in diameter, with a 0° direction of view, and an 
opening angle of 70–80°. For use with the 1.3-mm endoscopes, curved sheaths are 
available. Even though the manufacturer does not recommend bending the  2.0-mm 
endoscope, we managed to deflect the sheath carefully about 20° to 35° from the 
midline axis. In order to avoid damage to the sheath, this should be performed without 
the obturator initially placed inside.

This is now elegantly solved by a fetoscope that has recently been introduced on the 
market. It features a better image quality and two operative channels (3 and 4 Fr) that 
are integrated in a significantly precurved shaft. The scope is introduced through a 
cannula of the same diameter (10 Fr).

With these curved sheaths, a more perpendicular angle of the scope and laser fiber in 
relation to the chorionic plate is achieved (Figs. 3.10b, 3.11). The rest of the operation 
is performed as described above. Ancillary use of the cannula may also aid in rotating 
the placenta to reduce the flow by compression and to prevent inadvertent contact 
of the laser fiber with the placenta (see video link* in online version of: Klaritsch et al.)5 
We have also tried steerable fiberscopes, but were, so far, not impressed with image 
quality and had insufficient  illumination (also demonstrated in Klaritsch et al.)5

* http://onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2008.02021.x/suppinfo

Alternatives
Quintero recently described the use of larger laser fibers with side-firing capabilities.8 
These fibers are too large to be inserted through the currently available working 
channels and therefore require a second introduction port. They are also quite ex-
pensive. The Eurofoetus Group has worked on yet another alternative. An “operative 
fetoscope” – very much resembling an operative hysteroscope – is used, but was 
down-sized for this indication. The set consists of:

  a 2.0-mm fetoscope with either 12° (26008 FUA) or 30° (26008 BUA) directions of 
view. This requires the use of a HOPKINS II® rod lens telescope. Its length is limited 
to 26 cm because longer scopes would be extremely fragile and would not provide 
an adequate level of illumination. This shorter length will occasionally be a limiting 
factor to span the total length of a polyhydramniotic sac.

  The fetoscope is housed in a double sheath. On top of the inner sheath (26161 UH), 
there is a working channel for the laser fiber. The distal tip of the sheath is equipped 
with an Albarran deflecting mechanism, that allows to deflect the laser fiber  towards 
the target (Fig. 3.12).

  An external sheath (26161 UF) protects the Albarran mechanism and working 
channel. Today, the total diameter of the scope and sheaths is 13 Fr. The external 
sheath comes with a sharp obturator for direct introduction but can be introduced 
as well through a cannula of appropriate diameter.

At present, there is no evidence that one or the other type of endoscope or technique 
is better than the other. Moreover, in published series it was shown that the results in 
patients with anterior and posterior placentas were comparable.4 Nevertheless, most 
surgeons struggle with operative conditions in patients with an anterior placenta and 
are looking for technical improvement. The group continues to work on this issue.

Close up view of the curved fetoscope 
11508  AAK, with two integrated working 
channels. 

3.11
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Distal tip of the 30°-fetoscope with Albarran steering lever and actively deflected laser fiber (a). 
Lateral view of the fetoscope with Albarran steering lever and laser fiber in rest (b). 
Steering lever deflected. Note the fetoscope’s 30° angle of view (c). 
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4.0 Cord Occlusion
 Chapter Editors: Jan Deprest, Liesbeth Lewi, Yves Ville, Kurt Hecher and 

Eduardo Gratacos

4.1 Selective Fetocide in Monochorionic Twins
In monochorionic (MC) twins, conventional selective reduction techniques using 
intracardiac potassium chloride injection are not acceptable since the product by 
definition can embolize to the other fetus via the ever present anastomoses in a MC 
placenta. In addition,  patent intertwin vessels may lead to acute post mortem feto-
fetal hemorrhage after IUFD of one twin,  putting the surviving twin at risk for central 
nervous system or other organ damage or IUFD. Therefore, appropriate techniques 
are needed to arrest both arterial and venous flow in the cord of the target fetus 
completely and permanently.1 In this section, we will first discuss the indications for 
such intervention followed by an overview of techniques.6

4.2 Indications
Selective Growth Restriction in MC twins
About 11% of MC twins will display intra uterine growth restriction (IUGR), which 
usually affects one, more rarely both fetuses. When this occurs early in gestation, 
the situation becomes a diagnostic and therapeutic challenge. In dichorionic (DC) 
twins expectant management is preferable, as intra-uterine fetal death (IUFD) of one 
twin does not compromise the other fetus. In MC twins, this is clearly different for the 
reasons given above. Close surveillance to timely detect impaired fetal well-being is 
compulsory.

At the time of imminent IUFD, three options are available:

1. Scheduled delivery at viability;

2. Surgical bichorionisation4 of the placenta when the fetus is preterminal; this can 
also be done prophylactively in elective conditions;

3. Selective fetocide. Critical in the decision-making is to determine when exactly 
the condition of the involved fetus is that poor that  selective fetocide would be 
justified.

Discordant Structural Anomalies in MC Twins
Despite the fact that all MC twins are by definition monozygotic and thus  identical, 
MC can have discordant structural anomalies. Structural anomalies are actually more 
frequent than expected and only 20% are concordant. An anomaly unique to MC 
twins is the twin-reversed arterial perfusion sequence (TRAP), which is the most 
 extreme manifestation of TTTS and complicates about 1% of MC twin pregnancies. 
In TRAP, blood flows via an arterio-arterial (AA) anastomosis from an umbilical artery 
of the pump twin, in a reversed direction into the umbilical artery of the perfused 
twin. The  perfused twin’s blood supply is by definition deoxygenated and results in 
variable degrees of  deficient development of the upper trunk structures. The TRAP 
sequence can  develop when two conditions coincide. The first is the presence of an 
AA anastomosis, and the  second is discordant development or IUFD in one of MC 
twins, allowing for post mortem  reversal of blood flow via the AA anastomosis. TRAP 
puts the pump twin at risk for in-utero congestive heart failure and hydrops. At least 
50% of pump twins will die due to congestive heart failure or severe preterm delivery 
as a consequence of polyhydramnios. The proportional size of the perfused twin in 
relation to the pump twin and a rapid increase in growth of the perfused twin are 
considered predictive factors, with a twin weight ratio of above 70% indicating poor 
prognosis. Additionally, a large  difference in umbilical artery Doppler values between 
the pump twin and perfused twin may indicate a favourable outcome with less flow 
reaching the perfused twin. Indicators of pregnancy loss early in gestation are poorly 
defined, so it remains unclear what action should be taken when the condition is 
diagnosed early in pregnancy.
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Discordant Chromosomal Anomalies in MC Twins
Chromosomal abnormalities usually affect both fetuses but discordant phenotypic 
expression of nearly all common human aneuploidies (trisomy 13, trisomy 21, mono-
somy 45,X) have been reported. This rare phenomenon is called heterokaryotypic 
 monozygotism and is related to postzygotic mitotic events (non-disjunction or ana-
phase lag) and/or prezygotic meiotic errors. We refer to the literature addressing the 
underlying genetic susceptibility to these rarities; their diagnosis is made prenatally, 
e.g.,  by amniocentesis of both amniotic sacs. Counselling is difficult because it is not 
possible to exclude hidden, but phenotypically relevant mosaicism in the twin with 
normal karyotype on amniotic fluid cells. Options are again expectant management, 
selective fetocide or pregnancy termination. One needs to realize that discordant 
aneuploidy is associated to a high risk for spontaneous IUFD, so that active manage-
ment appears to be warranted.7

Selected Cases of Twin-to-Twin Transfusion Syndrome (TTTS)
Selective fetocide was suggested earlier on in an attempt to salvage one twin in 
 advanced cases of TTTS. This concept is currently revived for the treatment of stage 
III/IV of TTTS (fetuses with abnormal Doppler observations and/or hydrops).5 The 
rationale is that in advanced stages laser coagulation has such a high chance for 
single IUFD, that it acts (nearly) as a selective fetocide. Therefore, it is presumed that 
cord occlusion is a better way to perform controlled fetocide and that it may protect 
the surviving twin better. This approach is at least debatable and inevitably leads to 
some difficult  decisions. First, laser therapy has shown to be able to rescue fetuses 
in advanced stages of TTTS.11 The survival rate in stage IV is still higher than after 
selective fetocide. It is neither easy to determine which fetus will have the worst prog-
nosis.  Intuitively, one would opt for the donor, especially if abnormal umbilical artery 
Dopplers are present, but these can indeed normalize after coagulation. Access to 
the donor is also more challenging and an amnio-infusion may be needed. Recipients 
have been shown to be at higher risk for neurological and cardiac sequelae and could 
as well be targeted. Obviously, a major drawback is the theoretical maximum rate of 
50% overall survival, which in reality is lower taking account of the inherent complica-
tions of cord occlusion. It is suggested to reserve this technique for cases where 
death of one of the twins is clearly imminent, or associated with structural problems, 
or if  technical  issues indicate that the positive outcome of laser therapy will be limited 
only. It remains to be demonstrated what the exact loss rates of selective fetocide in 
this situation are and whether morbidity is indeed kept to a minimum.

4.3 Technique for Selective Fetocide 
 in  Monochorionic Twins

Umbilical cord embolization as an ultrasound-based technique has been discouraged, 
because overall survival rates were only at about 30%. Fetoscopic cord ligation has 
meanwhile become a historical technique, although it certainly caused immediate, 
complete and permanent interruption of both arterial and venous flow in the umbilical 
cord and is successful in achieving this at any cord size. Survival rates were over 
70%, but the operations were cumbersome and had a very high risk for PPROM and 
preterm delivery.9

Fetoscopic laser coagulation of the umbilical 
cord (a). Ultrasound image of interstitial laser 
coagulation of a TRAP-mass (b). 

a

b

4.1

Ultrasound image of bipolar forcpes about to 
grasp the umbilical cord.

a

4.2

Fetoscopic image of bipolar coagulation. 

b
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Early in pregnancy laser coagulation of the cord is simple and straightforward; the 
 instruments for that are the same as for treating TTTS patients (Fig. 4.1). At later 
 gestational ages, it may be difficult to coagulate the umbilical cord and alternatives 
are necessary (see below). Interstitial laser has been applied in a few cases relatively 
early in gestation (Fig. 4.2).2 This method involves essentially an ultrasound-guided 
insertion of a 17-G needle into the fetal abdomen close to the vitelline artery, intra-
hepatic vein or the fetal pelvic vessels. Through this needle a laser fiber is advanced 
to protrude up to 4 mm beyond the needle tip, coagulating surrounding tissues 
until arrest of flow. The procedure may have its limitations: in one of the few cases 
reported, the flow was not completely arrested but this did not have any adverse 
outcome. Very similar to interstitial laser is the technique of monopolar coagulation. 
Early in gestation, the needle is inserted into the fetus, but at later gestational ages the 
umbilical cord has also been targeted. Published experience includes so far 11 cases, 
only in case of TRAP-sequence.8 Two procedures failed at first attempt (18%), but in 
both cases re-intervention was  successful. Total survival rate was 73% (8/11). The 
risk for failure may be increased at later gestational ages: all  procedures that required 
re-intervention failed or were complicated by IUFD were done later than 20 weeks. 
Anecdotal  observations show that monopolar coagulation carries a higher failure rate 
in normal or hyperdynamic circulatory conditions, such as discordant anomalous 
fetuses or in case of TTTS.3 Radiofrequency ablation is a more sophisticated thera-
peutic modality used for this purpose.12–15

Because of failure of laser coagulation in some instances, we explored the use 
of  bipolar energy (Fig. 4.1). Purpose-designed devices of 3 mm and less are now 
 available, as well as adapted cannulas and trocars. Most procedures can be done 
with one port under ultrasound guidance only, but occasionally we use fetoscopy 
and/or  laser,  significantly reducing the operation time and probably the risk of unin-
tentional  collateral damage.

A more recent development is the optical bipolar forceps, which allows fetoscopic 
control of the blades.10 

Owing to the fact, that an ancillary port needs to be  established for that purpose – 
inherently involving the risk of access-related  complications – we only do so when 
the procedure is difficult and when one can work within the sac of the target fetus. 
We today quote a near to 80% survival, and long-term follow-up confirms  excellent 
results, if PPROM prior to 26 weeks does not occur.5 Amnioinfusion prior to vessel 
 coagulation may be required to create sufficient workspace. Perforation may occur 
when excessive energy is applied, leading to immediate or delayed (at the time of 
removal of the blades) perforation or even cutting through the cord. Of interest is 
that bipolar cord coagulation can be done late in pregnancy, i.e., beyond the typical 
28 weeks, where normally ex utero management is offered. We have used the 3 mm 
forceps successfully beyond 32 weeks of gestation.

4.4 Conclusion
Currently, it is not possible to say what is the optimal method for selective fetocide 
in MC pregnancies. Different techniques are applicable at different gestational ages 
and for different indications. Early on, needle thermocoagulation (either using laser 
or  monopolar or radiofrequency) is effective in TRAP, but later in pregnancy, bipolar 
 coagulation has been shown to be more successful, and apart from that, has been 
 studied more extensively. Besides, the technique is effective for both TRAP and for 
MC twins with  normal hemodynamics. The surgeon should ideally be familiar with 
several techniques in  order to tailor therapy to the individual requirements of each 
case. In our experience on a consecutive series, all developed normal, except for one 
baby born after early preterm PROM and delivery. Once again, PPROM seems to 
remain the Achilles heel of these invasive  procedures in fetal  medicine; despite that, 
results are very acceptable and survivors have good long-term outcomes.

Optical forceps being used for cord 
 coagulation. 

c

b

a

4.3
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5.0 Fetal Shunting Set and Fetal Cystoscopy
 Section editors: Yves Dumez, Yves Ville

5.1 Fetal Shunts
Recognition of fetal obstructive diseases by prenatal ultrasound examination has 
made it possible to consider in-utero derivation of the obstructed cavity / organ into 
the amniotic cavity. Fetal shunting, like any other fetal surgical intervention, should 
only be contemplated for conditions associated with significant mortality and morbid-
ity and when there is sufficient evidence from both animal and human data that the 
natural history can be altered by the procedure.

Fetal shunting has been performed for a variety of conditions including obstructive 
uropathies, hydrocephalus, pleural effusion, pulmonary cysts and ascites. To date 
however, only 3 diseases still leave some scope for antenatal shunting in carefully 
selected cases: obstructive uropathy, macrocystic congenital cystic adenomatoid 
malformation (CCAM) of the lung or compressive pleural effusions when complicated 
by fetal hydrops.

Permanent irreversible renal damage can only arise from bilateral ureteral obstruc-
tion or lower urinary tract obstruction such as posterior urethral valves or urethral 
 atresia. The only condition whereby unilateral obstruction could warrant invasive 
 renal  assessment and drainage is severe pyelo-ureteral junction obstruction with 
contralateral renal agenesis. In these situations ultrasound alone has a low diagnostic 
 sensitivity. This can be increased by assessment of urine concentrations of calcium 
and sodium which have the best sensitivity and specificity, respectively. 

Beta-2-microglobulin concentration in the fetal plasma is another useful marker 
for  obstructive uropathies. Urine biochemistry should not be assessed by a  single 
 evaluation, but repeated at 1–2 weeks intervals. Documentation of renal  function is 
an essential step in the determination of any indication for bladder shunting.  Fetuses 
with persistent megacystis who have ultrasound and biochemical evidence of 
 adequate renal function are the group most likely to benefit from shunting. However 
close  follow-up of this group should be done in order to refine indications for shunt-
ing  fetuses with obstructive uropathy, mainly when the obstruction is severe and 
 biochemically assessed, renal function is normal at a gestation still remote from term.

Thoracoamniotic shunting in CCAM or in pleural effusions should only been  attempted 
in cases with severe compression. In other words the fetus should be hydropic and 
additional signs of thoracic compression should be present with at least one of the 
following: polyhydramnios, severe mediastinal shift, eversion of the diaphragm and 
venous and cardiac compression as documented by a reverse flow in the ductus 
venosus Doppler waveform during a trial contraction.

Shunting should result in immediate and nearly complete drainage. Incomplete drain-
age with failure of the lungs to expand and to fill the chest following pleuro-amniotic 
shunting, although technically satisfactory, should raise the hypothesis of pulmonary 
hypoplasia. Complete drainage of the fetal bladder may not lead to complete  re solution 
of hydronephrosis or ureteral dilatation because of bladder wall hypertrophy in turn 
causing bilateral lower ureteral obstruction, massive reflux, ureterocele or a combina-
tion of these.

5.2 Techniques
Extensive counselling by an experienced operator and consultation with a neonatolo-
gist and most often a paediatric surgeon are essential.

The procedure can be performed on an outpatient basis. Mild maternal sedation  
 (Diazepam or Rohypnol 10 mg given orally), prophylactic tocolysis with Indomethacin 
(50 mg suppository) and antibiotics can be recommended for maternal and operator 
comfort although there is no evidence that this has an impact on the outcome.
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Fetal analgesia should be given (Sufentanyl 0.5 µg/kg) in the umbilical circulation and 
Pancuronium may also be administered for fetal paralysis (10µg/kg). This involves 
performing a cordocentesis.

The most widely used catheter in Europe is the Rocket catheter (Rocket Medical, 
Watford, UK) developed by Rodeck et al. in 1982. It is made as a double-pigtail si-
lastic catheter with an external diameter of 2.1 mm, with radio-opaque stainless steel 
inserts at each end and lateral perforations around the coils, which are  preformed at 
right angle to each other. This makes dislodgement less likely. It is introduced down 
a cannula loaded with a sharp triangular trocar. The external diameter of the 20 cm 
long trocar is 3.0 mm. 

The best transverse section of the fetal target is obtained without magnification and 
the expected site of entry in the fetus is placed in the centre of the screen. Local 
 anaesthetic is given as previously described. 

If there is oligohydramnios a 20-gauge needle is first passed into the amniotic cavity 
and an amnio-infusion given with 150–200 ml of normal saline at body temperature. 
This may improve the image and allow the anomaly scan to be completed, but its 
main purpose is to facilitate the deposition of the intra-amniotic end of the catheter.

The trocar and cannula are introduced into the amniotic cavity and then inserted 
through the fetal cavity to be drained. Once the correct position of the cannula is 
confirmed, the trocar is removed and the end of the catheter is blocked with the 
 operator’s finger. The fetal catheter is strengthened out on its wire and inserted into 
the cannula. The guide wire is removed and the obturator pushes half of the  cat heter 
out (as marked on the obturator) which coils up in the fetal fluid collection. The cannula 
is carefully drawn back into the amniotic cavity where the other half of the catheter 
is deposited by pushing the entire length of the obturator. This requires fluid in the 
amniotic cavity.

In bladder shunting, the shunt should be inserted in the suprapubic area and away 
from the midline. In thoracic shunting, the shunt should be inserted in the mid- thoracic 
region below the scapula and posterior to the axillary midline in order to minimise the 
risk of catheter dislodgement by the fetus. If drainage from the contralateral region is 
also needed, fetal curarisation will usually allow to rotate the fetal body with the tip of 
the cannula once the trocar has been removed.

Ultrasound image of fetal bladder shunt in situ. The outlined arrow points to the fetal hand. 
By courtesy of M.P. Johnson, Children’s Hospital of Philadelphia, PN, USA.

5.1
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5.3 Complications
Fetal loss or premature delivery rate can be roughly estimated to range between 
5–15%, often preceded by rupture of the membranes and/or  chorioamnionitis, 
 depending on the operator’s experience and the gestational age at which this is 
 performed. Other complications are more frequent such as inadequate drainage (20%) 
or shunt dislodgement. This can occur either spontaneously or by the fetus itself in 
up to 25% of the cases. Most dislodgements will be associated with externalisation 
of the catheter in the amniotic fluid. This should be checked at the time of delivery. 
Occasionally a shunt may be drawn into the cavity it was meant to drain and and this 
should be removed surgically post-natally.

Some complications are rare, but could cause technical and clinical management 
dilemmas. Urinary ascites is usually associated with vesico-amniotic shunt dislodge-
ment and can indicate peritoneo-amniotic drainage. Amniotic fluid leakage to the 
maternal peritoneal cavity can occur through the path of the trocar, causing painful 
maternal peritoneal irritation often demanding for morphin administration but this 
normally resolves spontaneously within hours.

References:
1. RODECK CH, NICOLAIDES KH. Ultrasound guided 

invasive procedures in obstetrics. Clin Obstet 
Gynaecol. 1983;10(3):515–539.

Schematic drawing of insertion of a shunt into the thorax (By courtesy of University Hospitals Leuven, Belgium).
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5.4 Delivery and Shunt Removal
Mode of delivery should not be influenced by the presence of the shunt. An experi-
enced neonatologist should be present at delivery. A vesical shunt should be left in 
situ and be used for post-natal drainage until surgical correction of the problem. There 
is no consensus with regards to pleural shunts; however immediate clamping is a 
reasonable option, followed by gentle ablation once respiratory assistance has been 
started. The main risk is for pneumothorax to develop.

When the shunt cannot be found at birth, both the neonate and the mother should 
undergo X-ray to locate the radio-opaque steel-tips of the shunts.

5.5 Conclusion
Selection of cases of obstructive uropathies is a difficult process and there are no 
 randomised trials nor detailed long-term studies to re-assess the benefit of vesico-
amnio tic shunting. A major concern is that by shunting one transforms a group of 
 neonates, who would have died without shunt placement, into a group of severely 
chronically ill survivors. There seems to be a strong incentive to drain early in the 
 obstructive process, which could be picked-up in the late first trimester.  However 
such policy would mandate the development of adapted instruments and the 
 randomization of cases.

Shunting for thoracic fluid is less controversial when cases are selected in the 
 presence of hydrops due to thoracic compression and the benefit can be assessed 
in-utero and soon after birth.

Schematic drawing of insertion of a shunt into the thorax (By courtesy of University Hospitals Leuven, Belgium).
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6.0 Fetal Endoluminal Tracheal Occlusion (FETO)
 Section Editors: Jan Deprest, Gerard Barki, Eduardo Gratacos and 

Kypros Nicolaides(FETOTaskForce)

Congenital diaphragmatic hernia (CDH) occurs sporadically with an incidence of 
1/2,500 to 1/5,000 of newborns. The vast majority of cases are left sided (LCDH), the 
rest are right sided (RCDH; 13%), bilateral lesions, complete diaphragmatic agenesis 
and other rarities. Forty percent of CDH fetuses have associated anomalies, the 
prognosis being determined by the nature of the anomaly. In isolated cases, several 
tertiary centers report a rate of survival till discharge of 70% and more (see review14) 
In isolated cases, the leading cause of death remains pulmonary hypoplasia and pul-
monary hypertension. Survivors may have significant morbidities, of which the leading 
ones are pulmonary and gastrointestinal. 

6.1 Prenatal Assessment of Prognosis
CDH is diagnosed in the prenatal period in at least two out of three cases offering 
the opportunity to refer the patient for experienced assessment and further perinatal 
management. A comprehensive differential diagnostic work up and an individual-
ized prognostic assessment provides the information needed by the parents in the 
decision-making process. Primary evaluation tool is ultrasound to estimate lung size 
and  the position of the liver. Today, this may also involve Magnetic Resonance Imag-
ing (MRI) and assessment of the pulmonary circulation can complement this. The 
combined use of these methods can help to improve the predictive accuracy of the 
anticipated outcome.3, 7–9 (see review5). However, to date, no definite proof has been 
provided to confirm the superiority over ultrasound,22 a recent meta-analysis demon-
strated that the side of the defect, the position of the liver, and the observed/expected 
total fetal lung volume (TFLV) as determined on MRI were predictive of outcome.35, 36 

So far, the most extensively validated prediction method remains the use of the so-
called Lung-to-Head Ratio (LHR).32, 38 At the level of the four chamber view of the 
heart, the area of the lung contralateral to the lesion, is measured. The lung area 
is divided by the head circumference measured in the standard biparietal view. The 
most accurate method for measurement of lung size is by tracing the lung contours 
rather than using its transverse or longest diameters, both in normal lungs as well as 
in fetuses with CDH.26, 39 As the 16-fold increase in lung area is accompanied by a 
4-fold increase in head circumference between 16 and 32 weeks, the LHR is gesta-
tional age-dependent. To discount for that, the LHR of the index case is expressed 
as a function of what is expected in an appropriate-for-gestational age control group 
(observed [O]/expected [E] LHR), using formulas that are specific for the measuring 
technique and the side of the lesion.5, 10, 39 The FETO task force has posted an elegant 
calculator on the website of the clinical trial on tracheal occlusion.* 

* www.totaltrial.eu

Image sequence taken during a CDH 
procedure with Prof. Deprest at University 
Hospitals Leuven.
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The prognostic value of the O/E LHR later was validated by CDH antenatal registry 
 collaboration in 354 fetuses with unilateral isolated CDH. These were evaluated 
 between 18 and 38 weeks of gestation, both in terms of mortality and morbidity 
(Table 1).25, 28 One must also realize that prediction is more accurate later in gestation, 
though in some countries not all options may be open in the third trimester.24. Mean-
while, the relationship between O/E LHR and mortality was independently validated 
by the Toronto group.1 

Liver herniation is another marker, which in several studies including a meta-analysis, 
has been shown to be an independent predictor.32 Though identifiable by ultrasound, 
fetal MRI can be used to quantify the degree of liver herniation.28 Interestingly, the 
amount of herniated liver may be independent of lung volume. It remains uncertain 
whether liver herniation should be used as a single stratifier. In summary, in today’s 
clinical decision making, we take into account both the LHR and the position of the 
defect when predicting the outcome (Table 1). 

 

6.2 Prenatal Intervention for CDH
Since it is possible to prenatally detect which fetus is very likely to succumb in 
the neonatal period, offering fetal intervention that is suited to induce lung growth, 
would make sense. Today, the procedure used in clinical practice is percutaneous 
fetoscopic endoluminal tracheal occlusion (FETO). Tracheal occlusion is believed to 
work because it prevents egress of lung fluid, increasing airway pressure, causing 
proliferation, increased alveolar airspace and maturation of pulmonary vasculature.31 
Because in experimental conditions, sustained tracheal occlusion reduces the 
number of type  II pneumocytes hence surfactant expression, prenatal release has 
been advocated (“plug-unplug sequence”).20 The possibility to do this procedure 
by percutaneous access, and the use of an endoluminal balloon, which grows with 
the trachea and which can also be punctured, has made fetal intervention clinically 
acceptable.13 Over time, we moved away from loco-regional to local anesthesia with 
fetal pain relief and immobilization.29 The FETO task force strived to insert the balloon 
at 26–28 weeks, and reverse the occlusion at 34 weeks. Apart from an expected 
effect on lung maturation,20 it makes vaginal delivery possible and facilitates transfer 
of the patient to other tertiary centers.  

Survival rates of fetuses with isolated left-sided congenital diaphragmatic hernia, depending on 
measurement of the observed/expected lung-to-head ratio (O/E LHR) and position of the liver 
position as in the antenatal congenital diaphragmatic hernia registry. Adapted from Deprest et al.15 
with permission of the authors and Elsevier, publishers of Seminars in Fetal & Neonatal Medicine.

Table 1: Survival Rates of Fetuses with Isolated Left-Sided Congenital Diaphragmatic Hernia
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The curved sheath, 3 mm in diameter, is 
loaded with the 1.3-mm fibre-fetoscope with 
deported eyepiece, and balloon catheter (e.g., 
BALT, Montmorency, France) carrying an 
inflated balloon (e.g., GVB 16, Cathnet 
Science, Paris, France) exiting at the tip. There 
are two additional inlets that allow for insertion 
of a needle as well as for irrigation (a). 
Close-up view of the same sheath, fetoscope 
and balloon catheter, now with deflated 
balloon (b). 
Fetoscopic view of inflated balloon after 
detachment from the catheter in the fetal 
trachea (c). 
Courtesy: UZ Leuven. Reproduced, with 
permission from the authors and the 
publishers of Gynecologic Surgery (Springer 
Verlag). 
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6.3 Technique of Fetal Endoluminal Tracheal Occlusion
We use a 1.3-mm fiberoptic endoscope within a 30° curved operating sheath, 3.3 mm 
in diameter, with blunt and echogenic tip. It has one central channel with two LUER 
lock side ports and one Luer lock connector for irrigation. The two side ports allow 
for insertion of the catheter and additional instruments such as a forceps (for retrieval) 
or a needle and stylet. This leaves sufficient space for effective irrigation. The current 
occlusion method involves off-label use of a latex balloon originally manufactured for 
endovascular occlusion. The only one available on the market today is the detach-
able latex balloon marketed by Balt (Montmorency, France). The dimensions of the 
Goldballoon 2 are designed to meet the clinical needs after filling with isotonic saline. 
Initially, the balloon is filled with a Luer-lock syringe connected to a blunt needle which 
is advanced beyond the integrated one-way valve. The filled balloon is then guided 
over the mandrel and the catheter tip, which has prior been inserted through the 
fetoscopic sheath. The balloon will then empty into the micro-catheter, which has 
been shortened for our needs (BALTACCI-BDPE catheter, off-label use). 

Fetal tracheoscopy is done no different from fetoscopic laser surgery on the placenta. 
The flexible cannula, loaded with a trocar is inserted under ultrasound guidance 
towards the fetal mouth. Occasionally, the need for an external version may arise to 
enable a safe and effective entry. First, the fetus needs to be medicated with  fentanyl 
(15 µg/kg, for pain relief) and a muscle relaxant (e.g. pancuronium 0.2 mg/kg). Then, 
local anesthesia is injected at the site of trocar insertion. The fetoscope is  advanced 
under ultrasound guidance towards or into the mouth. The philtrum and lips, the 
alveolar ridges and the ciliated upper part of the tongue, the raphe of the palate, the 
uvula and epiglottis, and the vocal cords are consecutive fetoscopic landmarks. The 
balloon is positioned between the carina and vocal cords, which is the narrowest part 
of the trachea (Figs. 6.2, 6.3). At the end of the procedure, any redundant amniotic 
or  infusion fluid is drained. In our experience, the mean operative time was 10 min. 
Longer operative times are typically associated to a less than ideal position of the 
fetus. In total, we failed to position a balloon during the first procedure in 4%; some 
patients may accept a second attempt.

Schematic drawing of the procedure, (reproduced with permission of the authors, ISUOG and 
Wileys).
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In our clinical experience, we were no longer able to visualize a balloon during the  follow 
up period in 8.1% of cases, and this was at a median of 28 days (range 1–63). In a few 
cases, we had all reasons to assume that this was due to dislodgment of an intact bal-
loon, but probably spontaneous deflation was more frequently the cause. When used 
as an endovascular occlusion device, this is without further consequences, because 
the vessel is clotted by then. For this “off-label” indication, deflation obviously leads 
to a loss of the intended biologic effect of the procedure. In such a case, reinsertion 
should be considered, if the pulmonary response seems insufficient. 

6.4 Techniques for Reversal of Tracheal Occlusion
In our experience, scheduled prenatal reversal of occlusion in our experience was 
achieved by fetoscopy (50%) or ultrasound guided puncture (19%). We try to do so in 
the prenatal period because we observed increased survival rates when the balloon 
was removed earlier than 24 hours prior to birth.14 In two other series, the balloon was 
systematically removed at the time of birth.21, 42 The numbers are too low and the case 
mix may be too variable to allow for a reasonable comparison. Technically, fetoscopic 
balloon puncture is done with a sharp stylet. Inadvertent over introduction of the stylet 
is avoided by sizing the instrument prior to its use by a mini-torquer. Holding the tail 
with a forceps allows later withdrawal of the punctured balloon. In those patients 
subjected to ultrasound-guided puncture (19%), the balloon can be washed out by 
the fluid coming from the lungs. 

Prenatal removal may actually not always be feasible. This is more likely to be the case 
when the membranes are ruptured or preterm labour sets on earlier than  expected. 
When this occurs, we still attempt prenatal removal, but there may be technical 
 limitations precluding this. In that situation, the fetal airways need to be liberated 
at the latest at the time of delivery. We feel most comfortable to do this when the 
fetus remains on placental circulation (21%). Though it is often referred to as balloon 
extraction during ex-utero intrapartum treatment (EXIT), in reality this is not a formal 
EXIT.34 An EXIT procedure requires deep inhalational general anesthesia with uterine 
relaxation to allow the surgical team to work on the upper airways, for instance in the 
case of head and neck tumors. In the case of balloon occlusion of the trachea, both 
the site and type of airway obstruction is known, and appropriate instruments are 
available for balloon retrieval. For that reason, we perform the reversal of the occlusion 
during standard cesarean section under loco-regional anesthesia, thus avoiding the 
added morbidity of an EXIT procedure. We inject pain relief and muscle relaxation into 
the fetus prior to the procedure.  During the cesearean, we first deliver only the head 
and torso of the baby, so that the umbilical circulation can be maintained. The fetal 
head is deflected to allow laryngoscopy and insertion of the bronchoscope (Fig. 6.4) 
into the trachea. A purpose-designed bronchoscope has been equipped with side 
openings for suction and ventilation. Another design feature are the additional work-
ing channels for irrigation, use of forceps and insertion of a stylet. Once the balloon 
has been removed, the baby is fully delivered, the cord is clamped and handed over 
to the neonatal team for resuscitation. 

We avoid, at all price, postnatal balloon extraction. This happened in 7% of cases 
in the entire European experience, most of them at other centers. The technical 
 challenges of this procedure should certainly not be underestimated. Technical 
 difficulties with balloon removal were reportedly encountered in 10 cases, typically 
when delivery took place at a facility not readily prepared for this, either because of the 
timing or missing / limited experience with bronchoscopy. This may be a contributing 
or causative factor for neonatal death, so it seems to us that this must be avoided at 
all price.14, 29, 43 For that reason, we routinely ask patients to stay close to the FETO 
center, where there is an on-call system for such a situation. Alternatively, we make 
sure that the referral center is able to offer a 24h/7 day service for management of the 
fetal airways. From our point of view, both patients and physicians need to take their 
responsibilities seriously. 

 

Fetoscopic removal of the balloon using a 
forceps (a). A stylet can be used to puncture 
the balloon first, facilitating its extraction.
Alternatively, one can puncture the balloon by 
ultrasound guidance (b). 
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6.5 Results and Complications
Based on our experience (n=210), PPROM occurred within three weeks after FETO 
in 16.7% of cases; the rupture rate prior to 34 weeks was 25%. Delivery took 
place at a median of 35.3 weeks, but it was before 34 weeks in 30.9% of cases. 
The  latter finding clearly suggests the urgent need for balloon retrieval, if it has not 
been removed yet. Considering the observations from the antenatal CDH registry 
as a point of reference, FETO can increase survival in severe cases of left-sided 
CDH from 24.1% to 49.1%, and in right-sided CDH from 0% to 35.3% (p<0.001).23 
Short-term morbidity in  survivors is also better than expected. It is close to that of 
cases with moderate  pulmonary hypoplasia, who are managed expectantly during 
 pregnancy.17, 18  Obviously, fetal intervention does not alter the size of the defect so 
that the  requirement for postnatal patch repair remains high. Similar observations were 
made in two other Brazilian case series.40, 42 Scheduled tracheal occlusion has also 
been performed later in gestation, which obviously leads to a later delivery in case 
of preterm birth.33 We have not been implementing this because we documented a 
reduced lung response with late  occlusion.4, 11 Properly controlled studies are needed 
to elucidate this dilemma. 

Based on the FETO task force experience, survival is dependent on the observed/
expected LHR prior to the procedure.29, 30 This is explained as follows. Smaller lungs 
have a reduced airway epithelial surface, and as a consequence, a reduced ability to 
produce lung liquid, therefore inducing decreased airway pressure following occlu-
sion. Some other predictors are determined by the procedure itself, and many are 
interdependent. Survival is improved with increased length of gestation at delivery, 
the absence of PPROM and the feasibility to remove the balloon earlier than 24 hours 
prior to birth.14

Balloon occlusion increases tracheal dimensions after birth. This is referred to as 
 tracheomegaly.2, 12, 27 Tracheomegaly does not seem to have an obvious clinical 
 impact, except for a barking cough on effort.19 Over time, the widening also becomes 
less important.2 This is in line with the observations made in animal experiments. For 
that reason, the cohort of prenatally treated children needs to be cautiously followed 
and records should include their lung function on the long term.37 

6.6 The TOTAL Randomized Trials
Immediately after the FETO programme started in Europe, the results of the single-
center N.I.H. sponsored randomised controlled trial (RCT) were published.21 Survival 
rate after FETO was over 75%, which was no different from the (unexpectedly high) 
survival rate in the expectantly managed group. At closer look, the vast majority of 
patients had moderate pulmonary hypoplasia. With only three patients with an LHR 
<  1.0 (corresponding around 26–29 weeks to an O/E LHR 25–27%), the trial was not 
conclusive for foetuses with severe pulmonary hypoplasia, which were the subject of 
the clinical study at that time ongoing in Europe. For that reason, we felt comfortable 
going on with our programme. However, the claimed increase in survival can only be 
substantiated by a randomized trial comparing expectant management during preg-
nancy and FETO, followed by standardized neonatal care.16 We may have taken (too) 
long to define and agree on rigorous selection criteria, surgical technique,  required 
skills, acknowledging and organizing the permanent availability of emergency airway 
management. However, it allowed a wide range of European centers to reach an 
agreement on standardized postnatal management, which is currently also used in a 
postnatal management trial.41 

By the year 2009, we were able to set up a first randomized controlled trial under the 
acronym TOTAL (Tracheal Occlusion To Accelerate Lung Growth).* This trial, compar-
ing expectant management during pregnancy to late (30–32 weeks) FETO in case of 
moderate pulmonary hypoplasia, followed by standardized postnatal management 
was started in 2009.** More recently (2011), the TOTAL trial addressing severe cases, 
comparing FETO at 27–30 weeks to expectant management during pregnancy, was 
started.*** The trial is at the time of writing approved in Leuven and Barcelona, while 
being reviewed in other European and North American centers. There are strict criteria 
for centres doing FETO, based on current activity in fetoscopy, as well as having done 
a sufficient number of FETO procedures under supervision prior to embarking on the 
trial. We also organize special courses for those centers. To enrol in this trial, patients 
need to be evaluated at the FETO centers prior to inclusion, to have consistency in 
measurements hence a homogeneous population.6 

* www.totaltrial.eu
** www.clinicaltrials.gov; NCT00763737
*** NCT01240057

Direct bronchoscopic view of the neonatal 
trachea with balloon in place (a) and after its 
removal (b). 
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7.0 Amniotic Band Syndrome (ABS)
 Section Editors: Jan Deprest and Yves Ville

7.1 Pathophysiology
Amniotic band syndrome (ABS) refers to amputation of fingers and/or limbs, 
and a wide spectrum of associated anomalies involving trunk and craniofacial 
anomalies. The pathogenesis of ABS remains controversial. One theory is based on a 
 developmental anomaly of the embryonic germinal disc,6 and the amniotic band would 
be a  by-product rather than the cause of fetal anomalies. The second theory claims 
that the primary problem is rupture of the amniotic membrane, and its detachment 
from the chorion.7 Exposure of the fetus, or cord, to the morphologically abnormal 
 membranes in some way induces mesodermic fibrous strings which entangle and 
entrap different fetal elements like a “guillotine”, leading to constriction and amputa-
tion. This theory has become widely accepted, despite the small number of cases and 
inconsistent  findings.1 Moerman et al. have reconciled both theories, and accepts that 
both entities exist, and are just of different origin.3 
On ultrasound, amniotic bands are typically picked up by secondary changes, such 
as fetal immobility or structural changes. In progressive cases, obvious constriction 
and vascular changes can be documented. 3D ultrasound with surface rendering may 
depict the situation more clearly.

7.2 In-utero Lysis of Amniotic Bands
Even though the consequences of ABS are dramatic, they are not necessarily life-
threatening. Despite that, it would seem logic to try to arrest the process when it is 
progressive, and prior to the point at which full amputation has taken place. The proof 
of concept of this hypothesis has been demonstrated in an ovine model. Cromble-
holme et al. demonstrated that constrictive limb edema and dysfunction could be 
reversed by the release of the constriction.2 
The clinical in-utero release of amniotic bands has been pioneered by Quintero et al., 
using sono-endoscopic guidance.4 Fetuses treated at 22 and 23 weeks had restored 
blood flow distal to the obstruction with limb preservation, and mild or minimal limb 
dysfunction at birth. Since then, several cases of successful intrauterine release of 
amniotic bands have been reported, demonstrating the feasibility of the fetoscopic 
procedure, and outcomes were usually favourable (see review7). In all cases, release 
of fetal limbs was involved. The common denominator of indication for surgery was 
the presence of progressive changes that must be documented. 
In a review of 10 cases, Richter et al. reported a preterm prelabour rupture of the 
membranes (PPROM) of 78% prior to 34 weeks.5 In 67% of cases, an early delivery 
was also observed. High PPROM rates following fetoscopic band release may be 
 related to the inherent membrane problem to start off with. In about 90% of cases 
(8/9), the band could be cut to some extent, but only in 3 cases (33.3%) a complete 
release was possible. Reduction of the edema and restoration of blood flow improved 
both to a variable degree. In essence, fetoscopic release can reverse the cascade 
of flow impairment leading to amputation. Functional salvage of the limb was only 
possible in 6/9 cases (67%). In the other three, secondary postnatal amputation (n=1) 
was required and in 2 cases, there was persistent reduction of mobility.
The instrumentation should be chosen on a case-to-case basis. In the presence 
of marked membrane separation, vision may be difficult. Under sono-endoscopic 
 guidance, the instrument is advanced to the area of constriction. Release of the 
limb at its interface with the band is usually not a challenging maneuver, performed 
either by laser or use of optical parrot beak scissors. It remains questionable whether 
the deeper constricted part therefore is untethered. Identification and release of the 
membrane constriction deep within edematic tissue – as if this would be done after 
birth – may turn out to be problematic (Fig. 7.1). Use of thermal energy, as with laser 
application, may cause collateral damage, therefore the use of optical scissors may 
be more advisable. Floating membranes may further compromise good visualization. 
After the procedure, partial to full remission of signs, restoration of flow and/or func-
tional recovery may be obtained, however the need for postnatal surgery frequently 
arises. In the postoperative period, recovery can be demonstrated, using Doppler as 
well as grey scale ultrasound (Fig. 7.1).

Top: Ultrasound (US) image of the right forearm 
at 23 weeks (a): significant edema at the distal 
part and visualization of two notches created 
by the amniotic band (arrows). US image of the 
right arm and hand one month after fetoscopic 
band release (b). There is a decrease of the 
edema, with still two notches visible due to the 
amniotic band (arrows).
View of the fetal forearm at the left and the 
amniotic band tissue at the right side (c). 
 Sectioning of the band with a diode laser. The 
arrows mark the band region already cut (d).
At birth, amniotic band tissue is still constrict-
ing the arm and infiltrating into the subcutis (e). 
One month after birth, the area of constriction is 
still visible, but there is no edema, and the hand 
and fingers have a normal range of motion (f). 
Reprinted with permission of the authors5 and 
S. Karger AG, Basel, Switzerland.

7.1
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8.0 Chorionic Villus Sampling (CVS)
 Section editors: The-Hung Bui and David Liu

8.1 Transcervical Chorionic Villus Sampling 
in the First Trimester

8.1.1 Introduction
Both mid-trimester amniocentesis and first-trimester chorionic villus sampling 
(CVS) are now well-established techniques for conditions that require the analysis 
of a  fetal sample.1,  9 The major advantage of CVS is that results are obtained at an 
earlier  gestational age than with midtrimester amniocentesis, allowing the option of 
 earlier termination in the event of an abnormal result. Also, the ability to achieve early 
 diagnosis by CVS is a significant step towards the future goal of fetal therapy of a 
few genetic disorders because it can be proffered before irreversible damage has 
occurred.2

8.1.2 Indications for Chorion Villus Sampling
As the field of prenatal diagnosis is advancing rapidly, contact should be taken 
with a medical genetics unit or other specialised laboratories to inquire into current 
 possibility of prenatal diagnosis whenever there are any doubts about a potentially di-
agnosable disorder. The indications for CVS fall generally into three broad categories: 
cytogenetic, metabolic and molecular disorders.

The most common indication for invasive first and second trimester prenatal 
 diagnosis is chromosome analysis for advanced maternal age. However, a positive 
aneuploidy screening test such as nuchal translucency thickness of the first-trimester 
fetus  measured by ultrasound or biochemical maternal serum test, may become the 
 major indication for chromosome analysis on villi tissue in places where first-trimester 
screening tests for Down syndrome are offered.5,  8

After sampling, the chorionic villi must be carefully dissected away from the maternal 
 decidual tissue and can be examined by a variety of laboratory techniques. The yield 
of cells and DNA from a chorionic villus sample is much greater than that obtained 
from 20 ml of  amniotic fluid. Hence, biochemical or DNA analysis can usually be car-
ried out directly on chorionic villi obviating the need and delay of a cell culture as is 
generally required after mid-trimester amniocentesis.

8.1.3 Timing of Chorion Villus Sampling
First-trimester CVS is optimally performed between 10 and 13 weeks of gestation 
to avoid the high background spontaneous miscarriage rate occurring in earlier 
 gestation but still allowing results to be available within the first trimester. Additionally, 
by this gestational age, the chorion frondosum is easily identified as an  hyperechoic 
 homogenous area on ultrasound scan. Earlier sampling has been suspected to 
 increase the risk for fetal abnormalities due to disruptive damage and is associated 
with a higher fetal loss rate.3
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8.1.4 Techniques of Chorion Villus Sampling
The CVS techniques can be used for both singleton and multiple pregnancies.10 CVS 
uses continuous abdominal ultrasound guidance and can be performed by either the 
transcervical or the transabdominal route. The vast majority of pregnant women can 
be sampled by either technique. Patient or physician preference will dictate which 
approach is used. Occasionally, clinical findings will  support one approach over the 
other. Operators need therefore to be proficient in both sampling methods to improve 
procedure safety and provide increased  patient choice. At least 10 mg of chorionic 
villus tissue (wet weight) should be  retrieved  depending on the indication for prenatal 
diagnosis (cytogenetic, biochemical or  molecular).5 The use of antibiotic prophylaxis 
without any maternal risk factors is controversial.  Rh-prophylaxis is given as indicated.

8.1.5 Transcervical Chorion Villus Sampling
In the first trimester (10–13 weeks) and occasionally within the early second trimester, 
the transcervical route for CVS offers a welcomed approach. Clinicians find  readily 
access to the sampling site, particularly if placentation is posterior. Women too find 
passage of sampling implements through the cervix readily acceptable and any dis-
comfort felt compared favourably with mid-trimester amniocentesis.7

The lithotomy position allows introduction of a speculum for access to the cervix. The 
cervix and vaginal walls are cleaned with an antiseptic solution before insertion of 
the catheter or biopsy forceps. Scanning with 3.5–5 Mhz curvilinear or similar probe 
defines the best placental site for sampling. Continued scanning is maintained to 
guide the chosen instrument to the desired sampling area. An anterior placenta is 
approached by pulling the speculum downward while directing the tip of the instru-
ment upward. When the placenta is posterior, the tip of the instrument is rotated 180° 
downward after passing the internal os of the cervix as the speculum is lifted to aid the 
manoeuvre. Aspiration is the most widely used technique for collection of  chorionic 
villi. This process is facilitated by moving the instrument gently back and forth to 
enhance capture of the villus sample.

Occasionally, two consecutive attempts may be needed to obtain adequate villous 
material. This is particularly likely when a considerable amount of villi is needed for 
metabolic studies. Two consecutive samplings have not been shown to increase fetal 
loss rate in over 2,000 procedures (Liu et al., unpublished). If more than  2  attempts 
are required, it is advisable to delay further sampling until after an interval of a week. 
If  miscarriage did not follow sampling within 3 weeks, the subsequent course of 
 pregnancy is similar to that of the general population. Varying concentrations of 
venous lakes or lacunae are found in many early placentas.6 These areas are best 
avoided since entry into them can result in blood-stained samples or contribute to 
spotting after diagnosis. There are two fundamental types of instruments, which 
depend upon aspiration to collect villi.

The Liu Sampler
This is a closed cannula of about 14 gauge and 2 mm in diameter with a calculated 
curve to facilitate intrauterine manoeuvre. A rounded and blocked end enhances 
safety. The upper part of the cannula tip is flattened to reflect sound and assist tip 
localisation. The collection inlet (1.5 x 2.0 mm) is placed at either the left or right side 
to ensure that the delicate amniotic sac will not be exposed to suction pressure. The 
inlet is also bevelled with the cutting point away from the tip. When suction is applied, 
villi will be cut to assist collection and reduce trauma. The cannula can be reused to 
reduce cost.

Disposable Plastic Catheters
There are various designs of these cannulas all employing the design principle of a 
flexible polyethylene tube which is armoured by a malleable metal trocar to provide 
rigidity and shape. The stainless metal trocar is also echogenic to assist ultrasound-
guided placement. Removal of the trocar prior to aspiration, however, will cause 
distortion to the shape of the plastic tube. This will cause trauma and dislodgement 
of the catheter. Furthermore, localisation is more difficult once the metal trocar is 
removed because plastic is less echogenic than metal.

Rigid straight or curved biopsy forceps have also been employed by both routes.4 
The end of these metal forceps can be fashioned to provide a suitable curve for 
 transcervical sampling. The forceps are guided to the sampling site by ultrasound 
scanning. Chorion villi are collected by opening and closing a small set of jaws. Villi 
are avulsed when the forceps are withdrawn. Since the forceps are sizeable  compared 
to a cannula or needle, more trauma and placental disruption may result.
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8.1.6 Conclusion
Over the last decade, large collaborative studies on chorionic villus sampling during 
the first trimester have shown, that it its safety and accuracy are similar to mid-
trimester amniocentesis, and does not carry the risks of early amniocentesis (which 
has been abandoned). There remain some controversies regarding its usefulness in 
multiple gestations, the clinical significance of confined placental mosaicism, and 
possible teratogenicity of CVS. However, nowadays, first trimester CVS is considered 
an established alternative to mid-trimester amniocentesis for prenatal diagnosis.
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Recommended Sets for Fetoscopy 
Transabdominal Embryoscopy and Fetoscopy Set

It is recommended to check the suitability of the product for the intended procedure prior to use.

1 11510 A  Miniature Straight Forward Telescope 0°, semirigid, remote eyepiece,  
rotating and locking LUER-Lock adaptor, fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 70° 
Working length: 20 cm 
Outer diameter: 1 mm

2 11510 KC  Puncture Needle, diameter 0.6 mm, length 26.5 cm, for single use package of 6, 
for use with Operating Sheaths 11510 KD/KE/KI

3 11510 KE  Operating Sheath, straight, size 5.6 Fr., pointed tip, 2 obturators, 0.8 mm working channel for laser fibers 
up to 400 micron-core (maximum outer diameter 700 micron) or Puncture Needle 11510 KC,  
2 LUER-Lock adaptors, package of 2, for use with Miniature Straight Forward Telescope 11510 A

4 11510 KI  Operating Sheath, curved, size 5.6 Fr., pointed tip, 2 obturators, 0.8 mm working channel for laser fibers 
up to 400 micron-core (maximum outer diameter 700 micron) or Puncture Needle 11510 KC, 
2 LUER-Lock adaptors, package of 2, for use with Miniature Straight Forward Telescope 11510 A 

5 11510 KA  Examination Sheath, straight, diameter 1.3 mm, pyramidal obturator, 1 LUER-Lock adaptor, package of 2, 
for use with Miniature Straight Forward Telescope 11510 A

6 11510 L Biopsy Forceps, semirigid, single action jaws, 3 Fr., length 25 cm
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Transabdominal Fetoscopy Set for Twin-to-Twin  
Transfusion Syndrome – 15 to 18 weeks

1 11510 A  Miniature Straight Forward Telescope 0°, semirigid, remote eyepiece, 
rotating and locking LUER-Lock adaptor, fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 70° 
Working length: 20 cm 
Outer diameter: 1 mm

2 11510 KD  Operating Sheath, straight, size 6.5 Fr., pointed tip, 2 obturators, working channel 1.1 mm for laser fibers 
up to 600 micron-core (maximum outer diameter 900 micron) or Puncture Needle 11510 KC, 
2 LUER-Lock adaptors, package of 2, for use with Miniature Straight Forward Telescope 11510 A

3 11510 KE  Operating Sheath, straight, size 5.6 Fr., pointed tip, 2 obturators, 0.8 mm working channel for laser fibers 
up to 400 micron-core (maximum outer diameter 700 micron) or Puncture Needle 11510 KC,  
2 LUER-Lock adaptors, package of 2, for use with Miniature Straight Forward Telescope 11510 A

4 11510 KI  Operating Sheath, curved, size 5.6 Fr., pointed tip, 2 obturators, 0.8 mm working channel for laser fibers 
up to 400 micron-core (maximum outer diameter 700 micron) or Puncture Needle 11510 KC,  
2 LUER-Lock adaptors, package of 2, for use with Miniature Straight Forward Telescope 11510 A
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Transabdominal Fetoscopy Set for Twin-to-Twin  
Transfusion Syndrome – 17 to 20 weeks

1 11540 AA  Miniature Straight Forward Telescope 0°, semirigid, remote eyepiece, autoclavable, 
fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 90° 
Working length: 30.6 cm 
Outer diameter: 1.3 mm

2 11540 KB  Operating Sheath, curved, pointed tip, size 8 Fr.,  2 obturators, 
working channel size 1 mm, 
1 stopcock and 1 LUER-Lock adaptor,  
for use with Miniature Straight Forward Telescope 11540 AA

3 11540 KA  Operating Sheath, straight, pointed tip, size 8 Fr., 2 obturators, 
working channel size 1 mm, 
1 stopcock and 1 LUER-Lock adaptor,  
for use with Miniature Straight Forward Telescope 11540 AA
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Set for CDH – Congenital Diaphragmatic Hernia – 
in utero balloon insertion and removal

2
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4

1 11540 AA  Miniature Straight Forward Telescope 0°, semirigid, remote eyepiece, autoclavable, 
fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 90° 
Working length: 30.6 cm 
Outer diameter: 1.3 mm

2 11540 KEK  Operating Sheath, curved, with obturator with conical tip, size 3.3 mm, with 2 channels, 
for use with Miniature Straight Forward Telescope 11540 AA

3 11510 C Grasping Forceps, double action jaws, 3 Fr., length 35 cm

4 11506 P  Sharp Stylet, movable torquer, length 50 cm, sterile, package of 10,  
for use with Miniature Straight-Forward Telescope 11506 AA and 11508 AA
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Neonatal Direct Bronchoscopy Set

1 10040 AA  Miniature Straight Forward Telescope 0°, semirigid, with remote eyepiece, 
autoclavable, fiber optic light transmission incorporated, 
Direction of view: 0° 
Working length: 18.8 cm 
Outer diameter: 1.3 mm

2 10338 H  Foreign Body Forceps, double action jaws, flexible, diameter 1 mm, working length 19 cm

3 10338 LCI Telescope Bridge

4 10315 RV  Blanking Plug, to close the prismatic-light-carrier adapter at the Bronchoscope or Esophagoscope

5 10339 F DOESEL-HUZLY Bronchoscope, length 18,5 cm, size 2.5

6 10338 S Guiding Piece, short, for suction catheter for children and suckling bronchoscope

7 10924 SP  Suction Plug

2
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5

6
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C-MAC® for Neonatal Direct Bronchoscopy Set

2

1

1 8403 ZX  C-MAC® Monitor for CMOS Endoscopes, screen size 7" with 1280 x 800 pixel resolution,  
two camera inputs, a USB and a HDMI port, optimized user interface, video and image capturing in real 
time on SD card, playback of recorded video clips and still images, data transfer from SD card to USB 
flash drive possible, splash-proof according to IP54, suitable for wipe disinfection, shock-resistant ABS 
plastic housing, intelligent power management with rechargeable Li-Ion batteries, VESA 75 mounting 
 option, power adaptor for EU, UK, USA and Australia, power supply 110 – 240 VAC, 50/60 Hz, 
for use with CMOS video endoscopes,

  including:
  C-MAC® Monitor
  Protection Cap
  VESA 75 Quick Clip
  Power Supply Set

2 8401 DXC  MILLER C-MAC® Video Laryngoscope, CMOS technology, size 0, suitable and validated for the following 
low-temperature reprocessing methods up to a max. of 60 °C, manual/mechanical cleaning and disinfection, 
sterilization with Steris® AMSCO V-PRO 1, Sterrad® 50S, Sterrad® 100S, Sterrad® 200, Sterrad® NX,  
Sterrad® 100NX and EtO gas, for use with Electronic Modules 8401 X and 8402 X

3 8402 X  Electronic Module, for C-MAC® Monitor 8402 ZX/8403 ZX, suitable for manual and mechanical disinfection 
up to 60 °C; Steris®; Sterrad®; High Level Disinfection (HLD) acc. to US standards, for use with C-MAC® video 
laryngoscopes (not illustrated)
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Accessories for C-MAC®

8403 YD  Protective Bag, blue, for C-MAC® system,  
made of water-resistant and sturdy material, washable, 
separate compartments for the monitor and three 
C-MAC® video laryngoscope blades with electronic module,  
for use with C-MAC® Monitor 8401 ZX/8402 ZX/ 8403ZX,  
Electronic Module 8401 X/8402 X, power supply and three 
C-MAC® video laryngoscopes

8401 YH  Holder for C-MAC®, consisting of two parts:  
1 holder for five C-MAC® video laryngoscope blades 
and 1 holder for one electronic module, 
made of thermoplastic material, wipe disinfection, 
to be fixed to a tray for use with basket

8401 YA  Stand, for C-MAC® monitor, height 120 cm,  
rollable with five feet and antistatic castors,  
crossbar 25 cm x diameter 25 mm,  
for positioning the monitor, with tray for laryngoscopes,  
dimensions (w x d x h): 30 x 20 x 10 cm
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Transabdominal Fetoscopy Set in the Second Trimester – 
Anterior Placenta – Deflecting Mechansim

2

3

1

1 26008 BUA  HOPKINS® Forward-Oblique Telescope 30°, diameter 2 mm, length 26 cm, autoclavable, 
fiber optic connector on opposite side, fiber optic light transmission incorporated, 
color code: red

2 26161 UH  Working Insert,  steering lever, for use with Operating Sheath 26161 UFK

3 26161 UFK  Operating Sheath, straight, with Pyramidal Obturator 26161 UFO, size 11.5 Fr.,  
with working channel for laser fibers up to 400 micron-core (maximum outer diameter 700 micron),  
with 1 stopcock and 1 LUER-Lock adaptor, for use with Working Insert 26161 UH 
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Transabdominal Fetoscopy Set in the Second Trimester – 
Anterior Placenta – Curved Scope

n

11508 AAK Miniature Straight Forward Telescope 0° Set, curved, diameter 3.3 mm, length 30 cm, 
30,000 pixels, autoclavable, irrigation connector, central working channel 4 Fr.,  
lateral working channel 3 Fr., remote eyepiece, fiber optic light transmission incorporated,

  including:
 Seal, for working channel, package of 10
 2x LUER Adaptor, seal
 Cleaning Brush
 Case
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Transabdominal Fetoscopy Set in the Second Trimester – 
Posterior Placenta – Straight Sheaths

11506 AAK Miniature Straight Forward Telescope 0°, straight, diameter 3.3 mm, length 30 cm, 
30,000 pixels, autoclavable, irrigation connector, central working channel 4 Fr.,  
lateral working channel 3 Fr., remote eyepiece, fiber optic light transmission incorporated,

 including:
 Seal, for working channel, package of 10
 2x LUER Adaptor, seal
 Cleaning Brush
 Case
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Transabdominal Fetoscopy Set in the Second Trimester – 
Posterior Placenta – Straight Sheaths (Alternatively)

2

1

1 11630 AA  Miniature Straight Forward Telescope 0°, semirigid, autoclavable, 
remote eyepiece, fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 95° 
Working length: 30 cm 
Outer diameter: 2 mm

2 11630 KH  Operating Sheath, straight, blunt tip, size 9 Fr., 2 obturators, working channel size 1 mm, 
1 stopcock and 1 LUER-Lock adaptor, for use with Miniature Straight Forward Telescopes 11630 AA

3 11630 KF  Operating Sheath, straight, with pointed tip, 9 Fr., with 2 obturators, with working channel size 1 mm, 
with 1 stopcock and 1 LUER-Lock adaptor, for use with Miniature Straight Forward Telescope 11630 AA

3
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Transabdominal Fetoscopy Set for Cord Occlusion 
from 20 Weeks Onwards

2

1

bipolar

1 26184 HLS TAKE-APART® Bipolar Grasping Forceps, flat jaws, serrated, size 3 mm, length 30 cm, 
  including: 
  Handle
  Outer Sheath 
  Forceps Insert

2 30114 GKL  Trocar, pyramidal tip, LUER-Lock connector for insufflation, size 3.5 mm, working length 10 cm, 
color code: green-yellow, 
for use with instruments size 3 mm,

  including: 
  Cannula
  Trocar only
  Silicone Leaflet Valve
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Transabdominal Fetoscopy Set for Cord Occlusion 
from 20 Weeks Onwards (Alternatively)

2 1

For use with Miniature Straight Forward Telescope 11540 AA

1 11540 HLS Bipolar Optical Grasping Forceps, flat jaws, serrated, size 3 mm, length 24.5 cm, 
  including: 
  Handle, with outer sheath
  Working Insert, serrated

2 11519 AS  Trocar, pyramidal tip, drop-shaped profile, LUER-Lock connector, size 3.6 x 5.4 mm,  
working length 10 cm, for use with Bipolar Optical Grasping Forceps 11540 HLS, 
color code: blue,

  including:
  Trocar only
  Cannula
  Silicone Leaflet Valve
  5x Sealing Cap

bipolar
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Transabdominal Fetoscopy Set for Amniotic Bands

2

1

3

1 11540 AA  Miniature Straight Forward Telescope 0°, semirigid, remote eyepiece, autoclavable, 
fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 90° 
Working length: 30.6 cm 
Outer diameter: 1.3 mm

2 11540 OS  Optical Scissors, single action jaws, size 3.3 mm, 
for use with Miniature Straight Forward Telescope 11540 AA

3 30114 GKL  Trocar, pyramidal tip, LUER-Lock connector for insufflation, size 3.5 mm, working length 10 cm, 
color code: green-yellow, for use with instruments size 3 mm,

  including:
  Cannula
  Trocar only
  Silicone Leaflet Valve
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Feto-amniotic Shunting Set

2

3

1

11660 Shunting Set
 including:
  1 Outer Sheath, diameter 3 mm, length 19.5 mm
 2 3x Obturator, pyramidal tip
 3 Pusher

For use only with „KCH Fetal Bladder Drainage Catheter“ 
(R57405; Rocket Medical PLC, Great Britain).
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Set for Fetal Cystoscopy

2

3

1

1 11510 A  Miniature Straight Forward Telescope 0°, semirigid, remote eyepiece,  
rotating and locking LUER-Lock adaptor, fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 70° 
Working length: 20 cm 
Outer diameter: 1 mm

2 11510 KI  Operating Sheath, pointed tip, curved, size 5.6 Fr., 2 obturators, 0.8 mm working channel for laser fibers 
up to 400 micron-core (maximum outer diameter 700 micron) or Puncture Needle 11510 KC,  
2 LUER-Lock adaptors, package of 2, for use with Miniature Straight Forward Telescope 11510 A

3 11510 V Tuohy-Borst Y-Connector, rotating, one-way stopcock, sterile, package of 5
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Set for Fetal Cystoscopy (Alternatively)

2

3

1

1 11540 AA  Miniature Straight Forward Telescope 0°, semirigid, remote eyepiece, autoclavable, 
fiber optic light transmission incorporated, 
Direction of view: 0° 
Angle of view: 90° 
Working length: 30.6 cm 
Outer diameter: 1.3 mm

2 11540 KB  Operating Sheath, pointed tip, curved, size 8 Fr., 2 obturators, working channel size 1 mm,  
1 stopcock and 1 LUER-Lock adaptor, for use with Miniature Straight Forward Telescope 11540 AA

3 11510 V  Tuohy-Borst Y-Connector, rotating, one-way stopcock, sterile, package of 5
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Set for Chorionic Villus Sampling

1 11650 FC CVS Biopsy Forceps, curved, LUER-Lock adaptor for cleaning, size 2.2 mm, length 22 cm

2 11650 FS  Same, straight

3 11650 L CVS Biopsy Cannula, opening to the left, 1 LUER-Lock adaptor, size 2 mm, length 22 cm

4 11650 R  Same, opening to the right

3

4

1

2

Telescope for Mapping

26120 BA  HOPKINS® Forward-Oblique Telescope 30°, 
diameter 2.9 mm, length 30 cm, 
autoclavable,  
fiber optic light transmission incorporated, 
color code: red

26120 BA
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11540 KD Puncture Needle, diameter 0.9 mm, length 35 cm, for single use, package of 6, 
for use with Operating Sheath 11540 KE

For use with Sheath 26161 UK, 26161 UFK and 26161 UH
26008 AA HOPKINS® Straight Forward Telescope 0°, diameter 2 mm, length 26 cm, autoclavable, 

fiber optic light transmission incorporated, color code: green
26008 FUA HOPKINS® Telescope 12°, diameter 2 mm, length 26 cm, autoclavable, 

fiber optic connector on opposite side, fiber optic light transmission incorporated, color code: black

For use with HOPKINS® Telescopes 26008 AA, 26008 FUA and 26008 BUA
26161 UK Operating Sheath, straight, with Pyramidal Obturator 26161 UO, size 9 Fr., 

with working channel for laser fibers up to 400 micron-core (maximum outer diameter 700 micron), 
with 1 stopcock and 1 LUER-Lock adaptor, for use with HOPKINS® Telescope 26008 AA

 including:
 Operating Sheath
 Obturator
 LUER-Lock Tube Connector, with stopcock
 LUER-Lock Tube Connector, male
 Sealing Cap, for use with HOPKINS® Telescope 26008 AA

For use with Miniature Straight Forward Telescope 11630 AA
11605 FK Operating Sheath, straight, with Pyramidal Obturator 11605 FO, size 9 Fr., 

with working channel size 1 mm for laser fibers up to 400 micron-core (maximum outer diameter 600 micron), 
with 1 stopcock and 1 LUER-Lock adaptor, for use with Miniature Straight Forward Telescope 11630 AA

 including:
 Operating Sheath
 Obturator for Sheath 11605 F
 LUER-Lock Tube Connector
 LUER-Lock Tube Connector, for use with Miniature Straight Forward Telescope 11630 AA
11605 KC Examination Sheath, straight, with pyramidal obturator 11605 KCO, diameter 2.7 mm,  

with 1 stopcock and 1 LUER-Lock adaptor, for use with Miniature Straight Forward Telescope 11630 AA

TAKE-APART® Bipolar Grasping Forceps
26167 FG TAKE-APART® Bipolar Grasping Forceps, flat jaws, serrated, size 2.4 mm, length 26 cm,
 including:
 TAKE-APART® Bipolar Handle
 TAKE-APART® Outer Sheath
 TAKE-APART® Working Insert, package of 5, for single use

Bipolar Optical Forceps for use witch Miniature Straight Forward Telescope 11540 AA
11540 FG Bipolar Optical Grasping Forceps, flat jaws, serrated, size 2.4 mm, length 24.5 cm,
 including:
 Handle, with outer sheath
 Working Insert, serrated, package of 5, for single use

Further Instruments and Scopes available
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30114 FG

30114 FG Fetoscopy Trocar, with LUER-Lock connector, 
size 3.2 mm, length 10 cm

Size 3.2 mm
for use with TAKE-APART Bipolar Grasping Forceps 26167 FG

Trocars for Fetoscopy

with insufflation connector 

Silicone Leaflet ValveCannula

Trocar only

Trocar, with pyramidal tip
 including:
  Cannula, 

with LUER-Lock connector
 Trocar only
 Silicone Leaflet Valve

11516 CS

11516 C1 

11516 S
11603 L1

11516 CL

11516 C2 

11516 L
11603 L1

10 cm
black-yellow

13 cm
black

Working length:
Color code:

Size 2.6 mm
for use with TAKE-APART Bipolar Grasping Forceps 26167 FG
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Trocars for Fetoscopy

with insufflation connector 

Silicone Leaflet ValveCannula

Trocar only

Trocar, with pyramidal tip
 including:
  Cannula, 

with LUER-Lock connector
 Trocar only
 Silicone Leaflet Valve

30114 GKL

30114 G2 

30114 C
30114 L1

10 cm
green-yellow

Working length:
Color code:

Size 3.5 mm
For use with TAKE-APART Bipolar Grasping Forceps 26184 HLS

Trocar, with pyramidal tip
 including:
  Cannula, 

with LUER-Lock connector
 Trocar only
 Silicone Leaflet Valve

11517 BS

11517 B2 

11517 S
30117 L1

11517 BL

11517 B1 

11517 L
30117 L1

10 cm
red-green

13 cm
red

Working length:
Color code:

Size 3.9 mm
for use with Operating Sheaths 11630 KF/KH
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Trocars for Fetoscopy

with insufflation connector

Silicone Leaflet ValveCannula

Trocar only

Trocar, with pyramidal tip
 including:
  Cannula, 

with LUER-Lock connector
 Trocar only
 Silicone Leaflet Valve

11518 AS

11518 A2 

11518 S
30118 L1

10 cm
blue

Working length:
Color code:

Size 4.7 mm
for use with Operating Sheath 26161 UF

11519 AS 
 

11519 A2 

11519 S
30160 L1
6127490

Working length:
Color code:

10 cm
blue

11520 AS 
 

11520 A2 

11520 S
30160 L1
6127490

10 cm
blue-white

Trocar, with pyramidal tip,  
drop-shaped profile
 including:
  Cannula, 

with LUER-Lock connector
 Trocar only
 Silicone Leaflet Valve
 Sealing Cap

Size 3.6 x 5.4 and 3.2 x 4.95 mm
for use with Bipolar Optical Grasping Forceps 11540 HLS (11519 AS) 
and Bipolar Optical Grasping Forceps 11540 FG (11520 AS)
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Trocars only, for Fetoscopy
For use with flexible trocars

11650 TD Trocar only, 7 Fr., diameter 2.5 mm, 
length 16 cm, package of 2

11650 TG Trocar, 10 Fr., diameter 3.3 mm,  
length 17 cm, package of 2

11650 TH Same, 11 Fr., diameter 3.6 mm
11650 TI Same, 12 Fr., diameter 3.9 mm

11650 TD

Please note:
Products 11650 TD, 11650 TG, 11650 TH and 11650 TI are designed for use with the flexible trocars offered by the 
company Cook (CHECK-FLO®  PERFORMER®  INTRODUCER SETS: RCF–x.x–38-J or RCFP–x.x–38-J).
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Accessories for Fetoscopy

8285490 Seal Bonnett, diameter 0.6 mm

26022 MA ALKEN Motion Control Device, 
for attachment to the working channel, 
for instruments up to 5 Fr., enables precision 
introduction and fixation of laser fibers or  
instruments, advanced in 1/10 mm steps

11510 V Tuohy-Borst Y-Connector, rotating,  
one-way stopcock, sterile, package of 5

27550 A Sealing Cap,  
diameter 0.8 mm, package of 10

27014 Y LUER-Adaptor, seal

6011590 Plug, for LUER-Lock connector

26040 BX Telescope Lock Plug, LUER-Lock 
for aspiration of liquid

495 EW Light Adaptor, angled 90°, diameter 4.8 mm, free 
rotatable, to connect with standard telescopes

27001 RA Cleaning Adaptor,  
for Instrument Ports 27001 G/GF/GH

27001 E  Insertion Aid, for guide wires in retero-renoscopy

27550 N Seal, for working channel, package of 10, 
single use recommended
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Wire Trays for Cleaning, Sterilization and Storage of Instruments

For use with Miniature Straight Forward Telescopes 11510 A, 11540 AA, 11630 AA, 11506 AA, 11508 AA

39360 BK Plastic Container for Sterilization and Storage 
of Variable Instrument Sets, perforated,  
with transparent lid, with silicone mat, 
single-level storage, (1 additional insert),  
external dimensions (w x d x h): 525 x 240 x 70 mm

 including:
 Snap-in Clip, package of 12
 Silicone Tie-Downs, package of 12
 Tool 

39502 Z Wire Tray for Cleaning, Sterilization and Storage 
of instruments, stackable, including hole plate walls  
and foldaway handles, external dimensions 
(w x d x h): 480 x 250 x 66 mm

39502 L Lid, for Wire mash tray 480 x 250 mm
39100 S Silicone Grid Insert “Large Diamond Grid”, blue, 

extra wide meshed, for the storage of instruments 
in standard wire trays, plastic and sterilization containers, 
external dimensions: (w x d): 470 x 240 mm

39100 PS Fixation Pin, includes washer and also screws to 
 position the instruments into the wire tray, height 38 mm, 
package of 12, for use with Silicone Tie-Downs 39360 AS

39360 AS Silicone Tie-Downs, package of 12, 
for use with Fixation Pins 39100 PS and 39360 AP

For use with Miniature Straight Forward Telescopes 11510 A, 11540 AA, 11630 AA

For use with Miniature Straight Forward Telescopes 11506 AA, 11508 AA

39502 ZL Long Wire Mesh Tray, for cleaning, sterilization  
and storage of instruments, stackable,  
including hole plate walls and foldaway handles, 
external dimensions (w x d x h): 535 x 250 x 66 mm

39502 LX Lid, with handles for Wire mash tray 535 x 250 mm
39100 SL Silicone Grid Insert, „Large Diamond Grid“, blue, 

extra wide mashed, for storage of instruments in wire 
baskets. External dimensions: 530 x 240 mm

39100 PS Fixation Pin, includes washer and also screws to 
 position the instruments into the wire tray, 
height 38 mm, package of 12,  
for use with Silicone Tie-Downs 39360 AS
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Unipolar and Bipolar High Frequency Cords

Unipolar High Frequency Cords

26002 M Unipolar High Frequency Cord, with 4 mm plug for 
models KARL STORZ,  Erbe type T,  older models and 
Ellman, length 300 cm

26004 M Unipolar High Frequency Cord, with 4 mm plug for 
models Berchtold and Martin, length 300 cm

High Frequency 
Electrosurgical Unit

KARL STORZ 
Instrument

26006 M Unipolar High Frequency Cord, with 8 mm plug for 
models KARL STORZ AUTOCON® II 400 SCB system 
(112, 116) and Valleylab, length 300 cm

26005 M Unipolar High Frequency Cord, with 5 mm plug for 
AUTOCON® II 400 SCB system (111, 115, 122, 125),  
AUTOCON® II 200, AUTOCON® II 80, KARL STORZ 
AUTOCON® system (50, 200, 350) and Erbe type ICC, 
length 300 cm

unipolar

Please note: All high frequency cords of this page are delivered with a length of 300 cm. If a length of 500 cm is 
requested please add letter L to the part number, e. g. 26002 ML, 26176 LVL.

Bipolar High Frequency Cords

26176 LE Bipolar High Frequency Cord, for AUTOCON® II 400 SCB 
system (111, 113, 115, 122, 125), AUTOCON® II 200, 
AUTOCON® II 80, KARL STORZ Coagulator 26021 B/C/D, 
860021 B/C/D, 27810 B/C/D, 28810 B/C/D, 
AUTOCON® system (50, 200, 350), Erbe-Coagulator, 
T and ICC series, length 300 cm

26176 LM Bipolar High Frequency Cord, for Martin and 
 Berchtold  coagulators, length 300 cm

26176 LV Bipolar High Frequency Cord, for KARL STORZ 
AUTOCON®  II 400 SCB system (112, 114, 116, 122, 125) 
 and Valleylab  coagulators, length 300 cm

bipolarHigh Frequency 
Electrosurgical Unit

KARL STORZ
Instrument
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Natural illumination
## LED high-performance light source

## Natural colour rendition close to sunlight with a 
colour temperature of 6400 K

## Lamp operating time of up to 30,000 hours

Ordering Information
TP100 EN TELE PACK X LED, endoscopic video 

unit for use with all KARL STORZ 
TELECAM one-chip camera heads 
and video endoscopes, incl. LED-light 
source on a similar niveau as the 
Power LED 175, with integrated digital 
Image Processing Module, 
15" LCD monitor with LED backlight, 
USB/SD memory module,  
color systems PAL/NTSC, 
power supply 100 - 240 VAC, 50/60 Hz,

 including: 
 USB Silicone Keyboard 

with Touchpad, with US character set

Unique benefits of the KARL STORZ TELE PACK X LED at a glance

Flexible storage possibilities
## SD card-slot allows high storage capacity

## USB-slot for external HDDs and flash drives

## Picture gallery for records 

## Playback of saved videos

## Print-ready patient report documentation

Crystal clear image
## 15" LCD monitor with LED backlight

## Rotatable image display

## 24 Bit color intensity for natural color  
rendition

## DVI video input for pristine picture quality

## DVI video output for connecting HD monitors

Easy control combined with highest safety
## Membrane keyboard approved for wipe  
disinfection 

## Hot-Keys assuring fast and direct adjustment

## Arrow keys for intuitive control

## Pedal control available

Additional information
## Sturdy, portable casing

## Ergonomic design allows comfortable transport 
## Universal power supply unit: 100 – 240 VAC, 
50/60 Hz

## Measurement (H x W x D):  
450 mm x 350 mm x 150 mm

## Weight: 7 kg

n
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Unique benefits of the KARL STORZ TELE PACK X LED at a glance
Compatible camera heads

20 2120 40 PAL TELECAM One-Chip Camera Head, autoclavable, with integrated 
Parfocal Zoom Lens, f = 14 – 28 mm (2x), 2 freely programmable 
camera head buttons, including plastic container for sterilization20 2121 40 NTSC

20 2120 30 PAL TELECAM One-Chip Camera Head, with integrated Parfocal 
Zoom Lens, f = 25 – 50 mm (2x), 2 freely programmable camera 
head buttons20 2121 30 NTSC

20 2120 34 PAL
TELECAM C-Mount One-Chip Camera Head, 2 freely  
programmable camera head buttons

20 2121 34 NTSC

20 2120 32 PAL TELECAM-B Beamsplitter One-Chip Camera Head with 2 freely 
programmable camera head buttons and rotating  
CCD sensor, f = 25 mm20 2121 32 NTSC

20 2120 31 PAL
TELECAM-B Beamsplitter One-Chip Camera Head with 2 freely 
programmable camera head buttons and rotating  
CCD sensor, f = 30 mm

20 2620 30 PAL
DCI® II One-Chip Camera Head, f = 16 mm, for use
with DCI® HOPKINS® telescopes

20 2621 30 NTSC

ENT

11101 VP PAL
Video Rhino-Laryngoscope

11101 VN NTSC

Pneumology

11900 BP PAL
Video Bronchoscope

11900 BN NTSC

Urology
11272 VP PAL

Video-Cysto-Urethroscope
11272 VN NTSC

11272 VPU PAL

11272 VNU NTSC

Compatible Video-Endoscopes
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20 2000 43 C-Mount Lens, f = 38 mm
20 2000 42 C-Mount Lens, f = 30 mm
20 2301 41 C-Mount Lens, f = 25 mm
20 2301 45 C-Mount Lens, f = 12 mm

20 0142 30 One-pedal-Footswitch, digital, two stage

20 0143 30 Two-pedal Footswitch, one step

Unique benefits of the KARL STORZ TELE PACK X LED at a glance
Accessories

29020 GM Adaptor for Machida fiberscopes

29020 GO Adaptor for Olympus fiberscopes, old type

29020 GN

29020 GO 29020 GP
29020 GP Adaptor for Pentax and Fujinon fiberscopes

29020 GN Adaptor for Olympus fiberscopes, new type
29020 GM

Fiberscope adaptors for other manufacturers
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Innovative Design
## Dashboard: Complete overview with intuitive  
menu guidance

## Live menu: User-friendly and customizable
## Intelligent icons: Graphic representation changes 
when settings of connected devices or the entire 
system are adjusted

## Automatic light source control
## Side-by-side view: Parallel display of standard 
 image and the Visualization mode

## Multiple source control: IMAGE1 S  allows 
the simultaneous display, processing and 
 documentation of image information from 
two  connected image sources, e.g., for hybrid  
operations 

Dashboard Live menu

Side-by-side view: Parallel display of standard image and 
Visualization mode

Intelligent icons

Economical and future-proof
## Modular concept for flexible, rigid and 
3D endoscopy as well as new technologies

## Forward and backward compatibility with video 
endoscopes and FULL HD camera heads

## Sustainable investment
## Compatible with all light sources

IMAGE1 S Camera System n
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Brillant Imaging
## Clear and razor-sharp endoscopic images in 
FULL HD

##  Natural color rendition

## Reflection is minimized
## Multiple IMAGE1 S technologies for homogeneous 
illumination,  contrast enhancement and color 
 shifting

FULL HD image CHROMA

FULL HD image SPECTRA A *

FULL HD image

FULL HD image CLARA

SPECTRA B **

* SPECTRA A : Not for sale in the U.S.
** SPECTRA B : Not for sale in the U.S.

IMAGE1 S Camera System n
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TC 200EN* IMAGE1 S CONNECT, connect module, for use with up to 
3 link modules, resolution 1920 x 1080 pixels, with integrated 
KARL STORZ-SCB and digital Image Processing Module, 
power supply 100 – 120 VAC/200 – 240 VAC, 50/60 Hz

 including:
 Mains Cord, length 300 cm
 DVI-D Connecting Cable, length 300 cm
 SCB Connecting Cable, length 100 cm
 USB Flash Drive, 32 GB, USB silicone keyboard, with touchpad, US

 *  Available in the following languages: DE, ES, FR, IT, PT, RU

Specifications:

HD video outputs 

Format signal outputs

LINK video inputs

USB interface 
SCB interface

- 2x DVI-D 
- 1x 3G-SDI

1920 x 1080p,  50/60 Hz

3x

4x USB, (2x front, 2x rear) 
2x 6-pin mini-DIN

100 – 120 VAC/200 – 240 VAC

50/60 Hz

I, CF-Defib

305 x 54 x 320 mm

2.1 kg

Power supply

Power frequency

Protection class

Dimensions w x h x d

Weight

TC 300 IMAGE1 S H3-LINK, link module, for use with 
IMAGE1 FULL HD three-chip camera heads, 
power supply 100 – 120 VAC/200 – 240 VAC, 50/60 Hz,  
for use with IMAGE1 S CONNECT TC 200EN
including:
Mains Cord, length 300 cm

 Link Cable, length 20 cm

For use with IMAGE1 S 
IMAGE1 S CONNECT Module TC 200EN

IMAGE1 S Camera System n

TC 300 (H3-Link)

TH 100, TH 101, TH 102, TH 103, TH 104, TH 106 
(fully compatible with IMAGE1 S) 
22 2200 55-3, 22 2200 56-3, 22 2200 53-3, 22 2200 60-3, 22 2200 61-3, 
22 2200 54-3, 22 2200 85-3 
(compatible without IMAGE1 S  technologies CLARA, CHROMA, SPECTRA*)

1x

100 – 120 VAC/200 – 240 VAC

50/60 Hz

I, CF-Defib

305 x 54 x 320 mm

1.86 kg

Camera System

Supported camera heads/video endoscopes 
 
 
 

LINK video outputs

Power supply

Power frequency

Protection class

Dimensions w x h x d

Weight

Specifications:

TC 200EN

TC 300

* SPECTRA A : Not for sale in the U.S.
** SPECTRA B : Not for sale in the U.S.
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TH 100   IMAGE1 S H3-Z Three-Chip FULL HD Camera Head, 
50/60 Hz, IMAGE1 S compatible, progressive scan, 
soakable, gas- and plasma-sterilizable, with integrated 
Parfocal Zoom Lens, focal length f = 15 – 31 mm (2x), 
2 freely programmable camera head buttons, 
for use with IMAGE1 S and IMAGE 1 HUB™ HD/HD 

TH 103

TH 103  IMAGE1 S H3-P Three-Chip FULL HD Pendulum Camera Head, 
50/60 Hz, IMAGE1 S compatible, with pendulum system and 
fixed focus, progressive scan, soakable, gas- and plasma-sterilizable,  
focal length f = 16 mm, 2 freely programmable camera head buttons, 
for use with IMAGE1 S and IMAGE 1 HUB™ HD/HD

IMAGE1 FULL HD Camera Heads

Product no.

Image sensor

Dimensions w x h x d

Weight

Optical interface 

Min. sensitivity

Grip mechanism

Cable

Cable length

IMAGE1 S H3-Z

TH 100

3x 1/3" CCD chip

39 x 49 x 114 mm

270 g

integrated Parfocal Zoom Lens, 
f = 15–31 mm (2x)

F 1.4/1.17 Lux

standard eyepiece adaptor

non-detachable

300 cm

IMAGE1 S H3-P

TH 103

3x 1/3" CCD chip

35 x 47 x 88 mm

226 g

pendulum system, 
fixed focus f = 16 mm

F 1.4/1.17 Lux

standard eyepiece adaptor

non-detachable

300 cm

Specifications:

For use with IMAGE1 S Camera System 
IMAGE1 S CONNECT Module TC 200EN, IMAGE1 S H3-LINK Module TC 300 
and with all IMAGE 1 HUB™ HD Camera Control Units

IMAGE1 S Camera Heads n

TH 100
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39301 PHTS Plastic Container for Sterilization and Storage 
of camera heads IMAGE1 H3-P, H3-ZI, 
IMAGE1 S H3-P and H3-ZI, autoclavable, 
suitable for use with steam, gas and hydrogen 
peroxide sterilization, Sterrad® compatible, 
external dimensions (w x d x h): 385 x 255 x 75 mm

 Please note: The instrument displayed is not  
included in the plastic container.

 Only camera heads marked “autoclave” can be 
placed in the tray for steam sterilization.

39301 Z3TS Plastic Container for Sterilization and Storage 
of camera heads IMAGE1 H3-Z, H3-ZA, H3-FA, 
IMAGE1 S H3-Z, H3-ZA  and H3-FA, autoclavable,  
suitable for use with steam, gas and hydrogen  
peroxide sterilization, Sterrad® compatible, 
external dimensions (w x d x h): 385 x 255 x 75 mm

 Please note: The instrument displayed is not 
included in the plastic container.

 Only camera heads marked “autoclave” can be 
placed in the tray for steam sterilization.

For use with IMAGE1 S Camera System 
IMAGE1 S CONNECT Module TC 200EN, IMAGE1 S H3-LINK Module TC 300 
and with all IMAGE 1 HUB™ HD Camera Control Units

IMAGE1 S Camera Heads n

TH 104

TH 104  IMAGE1 S H3-ZA Three-Chip FULL HD Camera Head, 
50/60 Hz, IMAGE1 S compatible, autoclavable,  
progressive scan, soakable, gas- and plasma-sterilizable,  
with integrated Parfocal Zoom Lens, focal length 
f = 15 – 31 mm (2x), 2 freely programmable camera head 
buttons, for use with IMAGE1 S and IMAGE 1 HUB™ HD/HD

IMAGE1 FULL HD Camera Heads

Product no.

Image sensor

Dimensions w x h x d

Weight

Optical interface 

Min. sensitivity

Grip mechanism

Cable

Cable length

IMAGE1 S H3-ZA

TH 104

3x 1/3" CCD chip

39 x 49 x 100 mm

299 g

integrated Parfocal Zoom Lens, 
f = 15 – 31 mm (2x)

F 1.4/1.17 Lux

standard eyepiece adaptor

non-detachable

300 cm

Specifications:
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9826 NB

9826 NB 26" FULL HD Monitor, 
wall-mounted with VESA 100 adaption, 
color systems PAL/NTSC, 
max. screen resolution 1920 x 1080, 
image fomat 16:9,  
power supply 100 – 240 VAC, 50/60 Hz
including:
External 24 VDC Power Supply
Mains Cord

9619 NB

9619 NB 19" HD Monitor, 
color systems PAL/NTSC, max. screen 
resolution 1280 x 1024, image format 4:3,  
power supply 100 – 240 VAC, 50/60 Hz, 
wall-mounted with VESA 100 adaption,
including:

 External 24 VDC Power Supply
Mains Cord

Monitors
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Monitors

Optional accessories:
9826 SF Pedestal, for monitor 9826 NB
9626 SF Pedestal, for monitor 9619 NB

26"

9826 NB

l
–

l
l
l
l

l
–

l
–

l

l
l
l
l
l

19"

9619 NB

l
–

–

l
l
l

l
l
l
l
–

l
l
l
l
l

KARL STORZ HD and FULL HD Monitors

Wall-mounted with VESA 100 adaption

Inputs:

DVI-D

Fibre Optic

3G-SDI

RGBS (VGA)

S-Video

Composite/FBAS

Outputs:

DVI-D

S-Video

Composite/FBAS

RGBS (VGA)

3G-SDI

Signal Format Display:

4:3

5:4

16:9

Picture-in-Picture

PAL/NTSC compatible

19"

optional

9619 NB

200 cd/m2 (typ)

178° vertical

0.29 mm

5 ms

700:1

100 mm VESA

7.6 kg

28 W

0 – 40°C

-20 – 60°C

max. 85%

469.5 x 416 x 75.5 mm

100 – 240 VAC

EN 60601-1,  
protection class IPX0

Specifications:

KARL STORZ HD and FULL HD Monitors

Desktop with pedestal

Product no.

Brightness

Max. viewing angle

Pixel distance

Reaction time

Contrast ratio

Mount

Weight

Rated power

Operating conditions

Storage

Rel. humidity

Dimensions w x h x d

Power supply

Certified to

26"

optional

9826 NB

500 cd/m2 (typ)

178° vertical

0.3 mm

8 ms

1400:1

100 mm VESA

7.7 kg

72 W

5 – 35°C

-20 – 60°C

max. 85%

643 x 396 x 87 mm

100 – 240 VAC

EN 60601-1, UL 60601-1, 
MDD93/42/EEC,  
protection class IPX2
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Data Management and Documentation
KARL STORZ AIDA® – Exceptional documentation

The name AIDA stands for the comprehensive implementation 
of all documentation requirements arising in surgical procedures: 
A tailored solution that flexibly adapts to the needs of every 
specialty and thereby allows for the greatest degree of 
customization. 

This customization is achieved in accordance with existing 
clinical standards to guarantee a reliable and safe solution. 
Proven functionalities merge with the latest trends and 
developments in medicine to create a fully new documentation 
experience – AIDA.

AIDA seamlessly integrates into existing infrastructures and 
exchanges data with other systems using common standard 
interfaces.

WD 200-XX*   AIDA Documentation System, 
for recording still images and videos, 
dual channel up to FULL HD, 2D/3D, 
power supply 100-240 VAC, 50/60 Hz 

  including:
  USB Silicone Keyboard, with touchpad
  ACC Connecting Cable
  DVI Connecting Cable, length 200 cm
  HDMI-DVI Cable, length 200 cm
  Mains Cord, length 300 cm 

WD 250-XX*   AIDA Documentation System, 
for recording still images and videos, 
dual channel up to FULL HD, 2D/3D, 
including SMARTSCREEN® (touch screen), 
power supply 100-240 VAC, 50/60 Hz

 including:
 USB Silicone Keyboard, with touchpad
 ACC Connecting Cable
 DVI Connecting Cable, length 200 cm
 HDMI-DVI Cable, length 200 cm
 Mains Cord, length 300 cm

*XX  Please indicate the relevant country code 
(DE, EN, ES, FR, IT, PT, RU) when placing your order.
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Workflow-oriented use

Patient

Entering patient data has never been this easy. AIDA seamlessly 
integrates into the existing infrastructure such as HIS and PACS. 
Data can be entered manually or via a DICOM worklist.  
ll important patient information is just a click away.

Checklist

Central administration and documentation of time-out. The checklist 
simplifies the documentation of all critical steps in accordance with 
clinical standards. All checklists can be adapted to individual needs 
for sustainably increasing patient safety.

Record

High-quality documentation, with still images and videos being  
recorded in FULL HD and 3D. The Dual Capture function allows for 
the parallel (synchronous or independent) recording of two sources. 
All recorded media can be marked for further processing with just 
one click.

Edit

With the Edit module, simple adjustments to recorded still images 
and videos can be very rapidly completed. Recordings can be quickly 
optimized and then directly placed in the report. 
In addition, freeze frames can be cut out of videos and edited and 
saved. Existing markings from the Record module can be used for  
quick selection.

Complete

Completing a procedure has never been easier. AIDA offers a large 
selection of storage locations. The data exported to each storage 
location can be defined. The Intelligent Export Manager (IEM) then 
carries out the export in the background. To prevent data loss, 
the system keeps the data until they have been successfully exported.

Reference

All important patient information is always available and easy to access. 
Completed procedures including all information, still images, videos,  
and the checklist report can be easily retrieved from the Reference module. 
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20 134001 Cold Light Fountain XENON NOVA® 300, 
power supply: 
100–125 VCA/220–240 VAC, 50/60 Hz

 including:
 Mains Cord
20 132028 XENON Spare Lamp, only, 

300 watt, 15 volt

Cold Light Fountain XENON NOVA® 300

Accessories for Video Documentation

495 NL Fiber Optic Light Cable,  
with straight connector, 
diameter 3.5 mm, length 180 cm

495 NA Same, length 230 cm

495 NT Fiber Optic Light Cable, 
with straight connector, 
diameter 2.5 mm, length 180 cm

495 NTA Same, length 230 cm

Cold Light Fountain XENON 300 SCB

20 133101-1 Cold Light Fountain XENON 300 SCB 

with built-in antifog air-pump, and integrated 
KARL STORZ Communication Bus System SCB 
power supply: 
100 –125 VAC/220 –240 VAC, 50/60 Hz

 including:
 Mains Cord
 SCB Connecting Cable, length 100 cm
20133027 Spare Lamp Module XENON 

with heat sink, 300 watt, 15 volt
20133028 XENON Spare Lamp, only, 

300 watt, 15 volt

20 1614 01-1 Cold Light Fountain Power LED 175 SCB, 
with integrated SCB, high-performance LED  
and one KARL STORZ light outlet, 
power supply 110–240 VAC, 50/60 Hz

 including:
 Cold Light Fountain Power LED
 Mains Cord
 SCB Connecting Cable, length 100 cm
20 1320 26 Xenon-Spare-Lamp, 175 Watt, 15 Volt

Cold Light Fountain Power LED 175 SCB
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UG 540 Monitor Swifel Arm,  
height and side adjustable, 
can be turned to the left or the right side, 
swivel range 180°, overhang 780 mm, 
overhang from centre 1170 mm, 
load capacity max. 15 kg,  
with monitor fixation VESA  5/100, 
for usage with equipment carts UG xxx

UG 540

Equipment Cart

UG 220

UG 220  Equipment Cart  
wide, high, rides on 4 antistatic dual wheels 
equipped with locking brakes 3 shelves,  
mains switch on top cover,  
central beam with integrated electrical subdistributors 
with 12 sockets, holder for power supplies,  
potential earth connectors and cable winding 
on the outside, 

 Dimensions: 
Equipment cart: 830 x 1474 x 730 mm (w x  h x d),  
shelf: 630 x 510 mm (w x d), 
caster diameter: 150 mm

 inluding:
 Base module equipment cart, wide
 Cover equipment, equipment cart wide
 Beam package equipment, equipment cart high
 3x Shelf, wide
 Drawer unit with lock, wide
 2x Equipment rail, long
 Camera holder
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Recommended Accessories for Equipment Cart

UG 310 Isolation Transformer, 
200 V – 240 V; 2000 VA with 3 special mains socket, 
expulsion fuses, 3 grounding plugs,  
dimensions: 330 x 90 x 495 mm (w x h x d), 
for usage with equipment carts UG xxx

UG 310

UG 410 Earth Leakage Monitor, 
200 V – 240 V, for mounting at equipment cart,  
control panel dimensions: 44 x 80 x 29 mm (w x h x d), 
for usage with isolation transformer UG 310

UG 410

UG 510  Monitor Holding Arm,  
height adjustable, inclinable, 
mountable on left or right, 
turning radius approx. 320°, overhang 530 mm, 
load capacity max. 15 kg,  
monitor fixation VESA 75/100, 
for usage with equipment carts UG xxx

UG 510
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