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Preface 

Analysis of chromosomes and specific alterations on 
DNA sequences, detection of infections or alterations 
in biochemical and histological parameters from organs, 
tissues or cells obtained by ultrasound-guided sampling 
procedures has important applications in many areas 
of medicine. In the medical care of women, there has 
been a wide development of ultrasound-guided tech- 
niques with roles in the diagnosis and sometimes treat- 
ment of conditions directly related to her reproductive 
and urinary systems. Thus far, applications of these 
techniques have already broken ground, by broadening 
the horizon for ultrasound morphologists and many 
other professionals. Ultrasound-guided techniques have 
allowed precise intracavitary studies as well as sampling 
from alternative sites of the uterus, ovaries, breast or 
products of conception. As described in this volume, 
interventional ultrasound has also allowed for mini- 
mally invasive surgical treatment of a variety of diseases 
related to the woman's reproductive system or the 
fetus. 

In this book, the major indications and variations of 
the ultrasound-guided techniques as they refer to the 
field of obstetrics and gynecology are described. Each 
chapter has been written by an expert in the field of 
ultrasound and related techniques. The authors have 
had considerable experience in establishing and per- 
forming the procedures. Their experience in the ultra- 
sound room is particularly valuable for those who intend 
to perform these techniques. This book is organized to 
give detailed methods for the preparation and use of 
these techniques. The emphasis of this book, however, 
is not on theory, but on practical techniques, and it is 
anticipated that by following the methods described 
here, you too will be able to practice interventional 
ultrasound successfully! 

I am indebted to the contributing authors who have 
shared their expertise and time to make this book 

possible. I am also grateful to Ms Anupama Kushwaha 
for her excellent copyediting work and to Dr Joaquin 
Diaz Recasens, Dr Umberto Nicolini and Dr Antonio 
Scommegna for their invaluable input throughout my 
medical career. 

Joaquin Santolaya-Forgas 

Thirty years: the real beginning of an independent and 
mature professional life for any doctor after medical 
school, residency and fellowship. How many young 
obstestricians remember that the very first acts in 
interventional fetal medicine are as old as they are. How 
many can remember that Sir William Liley performed 
the first fetal transfusion 30 years ago using X-rays while 
they have known only ultrasound. 

Lead by fetal medicine, interventional ultrasound has 
been widespread in all the fields of women's medicine 
during the past twenty years. Nowadays minimal 
invasive procedures can be performed because of the 
help of real-time high-definition ultrasound. Ultrasound 
is now merging with endoscopy to create new concepts 
in fetal medecine or surgery. Would William Liley have 
imagined such evolution thirty years ago? 

Interventional ultrasound can initiate and build up a 
new friendship. When Joaquin Santolaya and I met in 
Chicago in 1992 it became obvious that the hours and 
days (and sometimes nights) of discussions we had 
about our common passion would link us for a long 
time. Even if the initiation of this book is mine, I would 
like to thank him for the major part of editing work he 
did for this book. 

Interventional ultrasound procedures cannot be im- 
provised thus we had a common problem: how to teach 
it well . . . . We had had a dream: what a chance it would 
have been for us if we could have learnt each procedure 
with one of the best specialists. It would have been 
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necessary to travel all over the world for half a life or to 
have had all these experts around us . . . . 

This is the reason why we decided to convince some 
our friends and colleagues, known worldwide for their 
techniques, to help us in realizing our project. We 
wanted a handbook of techniques covering in one book 
all the fields of a woman's reproductive life. All the 
contributors have made every effort to share with the 
reader all details, descriptions, traps and tricks about 
the techniques they know best. We hope this book will 

be a tool to which any OB-GYN or radiologist can refer 
to before performing or learning a new ultrasound- 
guided invasive procedure. 

The pregnancy of this book has lasted long, delivery 
was difficult, we hope the baby will be successfull. 
Finally, for Sylvie, Nicolas, Marie and Emmanuelle: 
whatever would be the events of life, thank you for being 
mine. 

Didier Le'rnery 
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Chapter 2 5 ~Interventional ultrasound 
of the breast 

P H I L I P P E  P E E T R O N S ,  A N N E - F R A N C O I S E  D E  P O E R C K  
and A N N I E  V E R H A E R E N  

There are many situations where the diagnostic tools, 
including X-ray mammography, diagnostic ultrasound, 
eventually even colour-coded Doppler, are not accurate 
enough to determine the nature of breast masses. More- 
over, it is often necessary to have a cytological analysis 
to avoid unnecessary biopsy and to avoid undue delay 
prior to any conservative or aggressive therapy. 

There are many indications for needle puncture under 
ultrasonic guidance [I+]: 
I aspiration of cysts; 
2 cytological analysis of solid masses; 
3 wire localization (harpooning) or dye injection for 
the localization of subclinical masses prior to open 
surgery; 
4 core biopsy of solid masses. 
The puncture procedure will first be explained since 
it differs little for any of these indications. The few 
differences between them are detailed later. 

Probe characteristics 

Linear-array probes are much easier to use than any 
other system, including mechanical or phased array. The 
absence of any distortion of the ultrasonic beam, 
focusing in the near field of investigation, the shape of 
the probe itself and the possibility of seeing the needle 
immediately are all reasons to use only linear-array 
probes. We currently use probes of 7.5 MHz but higher 
frequencies are now commercially available and give 
very valuable information about the soft tissues, 
including the breast. 

Ultrasonic pad 

An ultrasonic pad is neither required nor is it advised. 
The nearer the puncture point is to the probe, the better. 

Patient position 

The supine position, as for diagnostic ultrasound, is 
required. Sometimes, oblique decubitus is better when 
the mass is located externally. In all cases, the lesion 
must be readily accessible for puncture. 

Puncture procedure 

Antiseptic solution (alcohol, chlorhexidine) is spread 
over the skin and over the part of that probe in contact 
with the skin. Chlorhexidine (Hibitane) is preferred over 
alcohol because of damage to the probe with repetitive 
applications of alcohol. In addition, chlorhexidine will 
also act as a conductive agent for the ultrasonic beam. 
The quantity of liquid applied must be sufficient to last 
for the entire puncture procedure. 

No anaesthesia is required for cytological aspiration, 
harpooning or dye injection. However, when a core 
biopsy is required, injection of lignocaine is advisable. 

The needle is a common intramuscular 21 gauge, 4- 
5 cm long, short (or long) bevel. Short bevel, if available, 
is preferred because of the somewhat larger destruction 
of tissue due to the inclination of the bevel. It is normally 
not necessary to use more sophisticated (and more 
expensive) needles for cytology. However, core biopsies 
need small Trucut or, in our experience, Bauer needles 
with automatic gun. 

The guidance technique depends on the localization 
of the lesion and the skill of the operator. The easiest 
and most frequently used technique is to puncture the 
skin at the short end of the transducer, pushing the 
needle obliquely exactly in the axis of the probe, from 
right to left for a right-handed person and conversely 
for a left-handed person. When the extremity of the 
needle reaches the ultrasonic beam, it produces a strong 
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'metallic' echo, called tip echo. The metallic origin of 
the echo gives rise to characteristic reverberation echoes, 
distal to the tip echo. The progression of the needle 
towards the target is seen on the screen in real time. 
This technique, called 'hand-free', allows the operator 
to slightly change the direction of the needle tip before 
reaching the nodule. If the needle tip is not seen, rotation 
of the needle is advised to offer the biggest obstacle to 
the progression of the beam. The orientation of the bevel 
can sometimes be not reflective enough; by rotating the 
needle, it can be seen more obviously on the screen. If 
the needle is still not seen, it means that the needle is 
not in the correct plane. The needle must be retracted 
just under the skin and a new attempt carried out, 
checking that the axis of the puncture is the same as the 
axis of the transducer. In all cases, it is advisable that 
the needle is firmly and directly introduced for I or 
zcm, depending on the depth of the target, instead of 
introducing the needle millimetre by millimetre and then 
trying to see the needle tip. If the target is on the screen, 
if the introduction point on the skin is in the axis of the 
transducer and if the needle is introduced in the same 
axis, there is absolutely no reason to perform a slow 
and delicate introduction that makes the entire 
procedure longer than normal. Once again, to reach 
the target immediately with one pass of the needle is 
the goal. 

Some manufacturers provide a dedicated puncture 
device, linked to the probe and depicting on the screen 
the route of the needle. Although this system seems very 
easy and accurate to beginners, it does not embrace all 
the possibilities of hand-free punctures, e.g. reaching 
different parts of the nodule, changing orientation if 
the nodule slips away, etc. 

In some rare cases, puncture at the short end of 
the transducer may be impossible due to some medially 
or inferiorly located lesions, or some skin retractions. 
In some other cases, like wire localization (harpooning), 
the surgeon sometimes asks, for aesthetic reasons, which 
is the shortest route from the skin to the lesion. In these 
cases, it could be advisable to use another kind of 
technique, called middle axis technique. Here the lesion 
is depicted exactly in the middle of the transducer and 
the puncture site is along the long side of the transducer, 
caudal to it, as near as possible to the middle of the 
probe itself. The obliquity of the needle depends on the 
depth of the lesion: the deeper the lesion, the less 

obliquity and vice versa. The entire needle cannot be 
seen on the screen using this route, only the tip echo 
being depicted. This kind of puncture procedure is 
somewhat more difficult for beginners, who should be 
trained beforehand with phantoms. Indeed, when the 
needle crosses the ultrasonic beam, the tip echo rises 
(Fig. 25.1); however, if the needle is pushed forward, 
the tip of the needle can progress distal to the lesion 
and aspiration can be ineffective, in the normal tissue 
distally surrounding the lesion. 

In the particular case of wire localization, it is 
advisable that the tip of the needle is placed at the distal 
end of the lesion, eventually crossing both borders of 
the lesion. Then, the wire is slightly pushed forward 
while taking the needle away. This allows the hook end 
of the wire to go through the target. The surgeon will 
then be able to find the lesion more easily by following 
the wire. 

In the particular case of core biopsy by means of an 
automatic gun, the patient must be in lateral decubitus, 
so that the tip of the needle does not penetrate the 
thoracic wall, which is clearly not recommended. 
However, the indications for core biopsies under 
ultrasonic guidance are very few compared with the 
stereotaxic technique. 

Aspiration (Fig. 25 .r) 

When the tip of the needle is within the target, aspiration 
is performed with a syringe of zoml coupled to the 
needle. This could be difficult for a single operator, 
looking at the screen, holding the transducer and 
aspirating with the syringe. Mechanical guns are often 
used, allowing aspiration with one hand only. Other 
authors recommend not to aspirate and to wait until 
tumoural cells fill the needle by capillarity. However, 
filling by capillarity is often not accurate enough 
when dealing with fibrous tissue as found in some 
fibroadenomas or some squamous carcinomas. We 
recommend aspiration of all the lesions, with help from 
a second operator in some cases, where any movements 
of the needle must be totally avoided, e.g. in very small 
targets. In the case of larger tumours, the needle can be 
slightly pushed, pulled and rotated to obtain more 
material. 

Cystic lesions must be totally emptied. The emptying 
of the cyst is clearly seen in real time on the screen. 
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(a) 

Fig. 25.1 Small 11 mm diameter neoplasm: (a) before 
puncture; (b) tip echo within mass. 

Fig. 25.2 Emptying a c 

ultrasonic guidance. 
:yst under 
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Fig. 25.3 Tip echoes within the mass (arrows). 

Table 7-5.1 Pathological diagnosis of 220 successive 
punctures. 

Final diagnosis No. Palpable Non-palpable 

Cancer 5 7 3 4 7-3 (40%) 
Lymph node 3 2 I 

Cyst 99 58 41 (41%) 
Fibroadenoma 42 19 23 (55%) 
Dystrophic lesion I 5 4 I I 

Haematoma 2 I I 

Abscess z I I 

spread over glass and fixed with an appropriate fixing 
solution obtained from the pathology department. The 
fixation must be immediate, avoiding desiccation of the 
cells. Commercially available hair sprays can be very 
effective for fixing the material. 

Indications for puncture 

Cysts are punctured on rare occasions. We only puncture 
large, unaesthetic cysts or lesions with internal echoes 
or non-homogenic structure. 

Solid lesions are almost always punctured (Fig. 25.3). 
The only exceptions are calcified lesions on X-ray 
mammography, typical of old fibroadenomas, and ovoid, 
mobile, longer than thicker lesions in patients younger 
than 30, typically described as fibroadenomas (Fig. 25.4). 

Microcalcifications on X-ray mammography are, of 
course, not an indication for ultrasonic-guided puncture 
but for stereotaxic core biopsy. 

Ultrasonic-guided punctures are clearly superior to 
palpation-guided procedures. The rate of insufficient 
material is reduced to 7% in our series [3,4]. Moreover, 

Fig. 25.4 Fibroadenoma in a young patient (see text). a negative result means nothing when the puncture is 
guided by palpation. If the tip of the needle is clearly 
within the lesion during ultrasonic-guided aspiration 

Total emptying is said to avoid local recurrence of the biopsy, a negative result (normal galactophoric cells) is 
cyst (Fig. 25.2). much more reliable. In our previous series, I of 60 

(1.6%) malignancies was classified as benign by the 

Spreading of the material pathologist (Tables 25.1 & 25.2) compared to 7-22% 
by palpation-guided procedure, as reported in the 

As in any other cytological aspiration, the material is literature [s]. 
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Table 25.2 Final vs. cytological 
Final diagnosis in 220 successive 
diagnosis Cytology Malignant Dubious Benign Inaccurate punctures. 

Malignancy 60 53 (88%) 6 I (1.6%) o 
Benign lesion 160 I (0.6%) I I43 (89%) IS 

Total 220 5 4 7 144 1 5 

Concllusions 

Interventional procedures in breast pathology using 
ultrasound are very safe and very accurate techniques. 
We would recommend that every physician involved in 
breast pathology and in mammography coupled with 
ultrasound becomes familiar with these techniques as 
soon as possible. Aspiration biopsy of a suspicious breast 
lesion should be offered to every woman as a normal 
additional diagnostic tool. The numbers of unnecessary 
and inaccurate open biopsies will be dramatically 
reduced this way. The delay between the discovery of a 
lesion and eventual surgical removal will also be 
reduced, allowing the best possible management of 
breast malignancies. 
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Chapter 261The place of X-rays and ultrasound 
in interventional mastology 

A L A I N  I S N A R D ,  A R M E L L E  T R A V A D E  and F R A N C O I S  S U Z A N N E  

The detection rate of breast lesions has progressively 
increased with the development of breast screening pro- 
grammes and improvement of mammographic images. 
A diagnosis can sometimes be made immediately but 
in a large number of cases the images are ambiguous 
and could represent benign, borderline or neoplastic 
lesions. To avoid performing too many surgical biopsies 
for benign lesions and overlooking malignant ones, 
preoperative diagnosis of mammographic lesions must 
be refined using complementary techniques such as 
ultrasound, cytology and, more recently, automated 
needle-core biopsy. If the lesion is visible by ultra- 
sound, cytological or histological samples may be 
obtained under ultrasound guidance. If the abnormality 
is purely mammographic, the only alternative is the use 
of X-ray guidance. Both methods are also used for 
preoperative localization of masses, guiding the surgeon 
to impalpable lesions that would be otherwise difficult 
to excise. In cases where both localization techniques 
are possible, the choice between them will depend on 
several factors that are reviewed in this chapter. The 
shortcomings of one technique can often be made up 
for by the other if we think of them not as opposed but, 
on the contrary, as complementary. 

X-ray guided fine-needle aspiration 
cytology and needle-core biopsy 

Indications and technique 

Needling of breast masses can be done whether they 
are stellate, nodular, irregular, form clusters of micro- 
calcification or are mixed in nature with dense masses 
accompanied by microcalcifications. It is important 
to define the lesions under investigation very clearly 
because this may explain some of the discrepancies 
found by different authors. Ultrasonography now elim- 

inates typical cystic masses that generally do not need 
to be punctured. Artefacts must also be ruled out to 
eliminate pseudomasses produced when the two stereo- 
taxic pictures are not concordant for the lesion. It must 
be remembered that unlike the standard localization 
methods using two orthogonal projections, the advantage 
of stereoataxis is that it can still be used when the lesion 
is visible from a single projection. Although several 
X-ray techniques for fine-needle aspiration biopsies have 
been described [I,z], in this chapter we only describe 
the stereotaxic method because its reliability and safety 
have been confirmed by a large number of studies [I ,3,4]. 
The technique allows localization and performance of 
either fine-needle aspiration cytology (FNAC) or large 
needle-core biopsy in impalpable mammographic lesions 
using stereotaxic devices derived from the Nordenstrom 
apparatus (Sweden). A computer allows the stereotaxic 
identification of an infraclinical radiological lesion and 
the positioning of a needle within I mm of the lesion. 
Calculation of the coordinates to puncture a point are 
based on two mammographic views centred on the 
lesion: (i) with the X-ray tube inclined to one side and 
(ii) according to an angle set by each manufacturer. 
This angle (on average 3 0 ' )  enables the geometry to be 
reconstructed in three dimensions. The position for the 
aspiration guide is then selected by the software. 

Currently there are two types of devices available on 
the market. Some are relatively simple, inexpensive and 
compact. They are attached to the usual mammography 
equipment at the time of examination and therefore 
do not limit its normal use. Others include a complete 
examination table that integrates an X-ray source and 
localization computers: they are only used for this 
type of examination. The former devices, upright add- 
on stereotactic equipment, require a seated patient 
with her breast compressed in the same type of position 
as that usually used during ordinary breast diagnostic 



Interventional mastology 

procedures [TI. With the latter devices the patient is 
in prone position with the breast protruding through 
an opening in the table. Each of these methods has 
advantages and disadvantages [6,7]. The technique used 
by these authors for the stereotaxic guidance procedure 
relies on the upright add-on stereotaxic mammography 
equipment. The patient is seated and her breast im- 
mobilized within the aperture of the compression 
plate located at the level of the area to be identified. It 
is important to prepare the patient psychologically 
because, although the aspiration itself is not very painful, 
it is unpleasant to have to remain motionless with the 
breast compressed for the duration of the examination 
(about ~c-zomin). Choice of needle incidence is crucial 
and is selected according to the position of the lesion 

Fig. 26.1 Stereotaxic guidance localization procedure. (a) 
Choice of the best incidence. (b) First view: the lesion is 
localized in the window of the compression plate. (c) The 
X-ray tube is inclined right then left (30'): two stereotaxic 
views on the same film, to calculate the point to puncture 
(the centre of the mass) (GE Medical Systems, stereotaxic 
device). Well-circumscribed mass in a 62-year-old woman; 
impalpable; fine-needle aspiration cytology: fibroadenoma. 

so that there is a minimum amount of tissue to cross 
and the patient's position is as comfortable as possible. 
Selection between more than one path for the same 
lesion will depend on which will later yield the best 
localization of the centre of the lesion on two small 
stereotaxic views. In addition, if the procedure is to be 
completed by needle-core biopsy using an automatic 
biopsy gun, care must be taken to avoid hitting the 
Bucky with the needle [8]. The practical sequence of 
events includes an initial view correctly centred over 
the lesion to be punctured by inclining the tube-holder 
arm to one side and then to the other. Based on the two 
points selected by the radiologist and the two stereotaxic 
views on a single film, the computer's software will 
calculate where the aspiration guide should be placed 
(Fig. 26.1). The point to be targeted by the needle 
will be calculated by the two small stereotaxic views 
and must lie in the centre of the radiological anomaly 
whether it is a cluster of microcalcification or a mass. 
The needle is then inserted through the guide and 
two further stereotaxic views made to confirm the 
correct location (Fig. 26.2). Three possible alternatives 
then follow: (i) FNAC; (ii) needle-core biopsy using 
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an automated biopsy gun; and (iii) positioning of a 
hookwire for preoperative localization of breast masses. 

For FNAC the needle is a lumbar puncture-type 
needle with a stilet. The sample is taken by capillarity 
or aspiration. It is impossible to move the needle laterally 
but the depth can be changed by moving the micrometric 

screw 'Z'. Sufficient aspiration is provided using a 
20-ml syringe, which must be released before the needle 
is removed from the breast [ g ] .  Several punctures can 
be made at the same point or after choosing another 
point in the lesion. The number of punctures may also 
explain the discrepancy in results obtained by different 
authors [IO,I I]. 

FNAC may fail to obtain cells and cause false-negative 
results [12,13]. Therefore, several authors have used 
the same stereotaxic conditions to complete or even 
replace FNAC by histological sampling using needle- 
core biopsy with an automatic biopsy gun (Figs 
26.3 & 26.4). This technique has allowed significant 
improvement in the sensitivity and specificity of needling 
stereotactic techniques [2,14,15]. The automatic biopsy 
gun enables very fast movements of the cutting needle, 
thus protecting the histological sample when it is 
reintroduced automatically into the device: the speed is 
impossible to reproduce manually. Furthermore, this 
high speed makes it possible to punch out a piece of 
tissue with sharp edges and avoids pushing tumours, 
such as mobile fibroadenomas, with the needle. There 
is also less curving of the needle in fibrous tissues. The - 

sample is taken at the exact level of the chosen target 
and damage to surrounding tissues and patient 
discomfort is minimal [16,17]. Two or three samples 
can be taken. Local anaesthesia is necessary to allow a 
cutaneous incision, which avoids contamination of the 
sample by shreds of skin. Before and after firing under 
stereotaxic view, the correct positioning of the biopsy 
needle, fitted into the automatic biopsy gun, should be 
determined. The biopsy needle has a notch and comes 
in various diameters, 20, 18 or even 14 gauge. The 
choice of needle depends on the type of lesion. However, 
a large calibre improves the reliability from the 
histological point of view but is also associated with a 
greater risk of bleeding [18,19]. The distance to travel 
will determine the set-up of the biopsy gun. Naturally, 
this set-up must be taken into account when choosing 
the initial position so that the needle does not hit the 
film-holder. 

Fig. 26.2 Stereotaxic views. Two stereo views are obtained Pitfalls 
to document that the needle is in the lesion. Asymptomatic 
45-year-old woman; ill-defined 8-mm mass; fine-needle Small stereotaxic control views may not allow visu- 
aspiration cytology (a) and needle-core biopsy (b): invasive alization of the tip of the needle within the lesion. If the 
ductal carcinoma. error is small, the difference in positioning may be 



Interventional mastology 

with biopsy needle (BIP USA Inc., 
Niagara Falls, New York, USA). 

! 
i 

Two penetration depths, long i 
throw, short throw, several 
diameters. 

Fig. 26.4 Penetration of the biopsy needle, with biopsy gun 
(pre fire, post fire). 

acceptable for preoperative localization because surgery 
is usually fairly ample. However, in FNAC the procedure 
must be repeated. Reasons for calculation errors may 
include the following. 
I Incorrect calibration of the instrument and faulty 
handling. The technique used must be very strictly 
followed and this is achieved by training and experience. 
z Patient movements. These can be considerable and 
are generally due to poor cooperation or faulty com- 
pression. There may also be micro-movements, which 
are both very difficult to prove and sometimes difficult 
to avoid. The patient is seated in a position that is often 
uncomfortable and the mammary compression may 
not be well tolerated. Some cases of vasovagal reaction 
have been noted [zo]. This type of problem can be 

kept to a minimum by 'psychological' support with 
clear explanations given at repeated intervals about the 
course of the examination and what is to be expected. 
Once again, this type of problem can be avoided by a 
dedicated team. 
3 Flexibility of the needle. This problem can be partly 
solved if stiffer needles are used with a double puncture 
guide. However problems will still remain in very fibrous 
breast tissues. 
4 Poor indication caused by the type of radiological 
image. Some mammographic images are difficult to use 
for this type of exploration because a point corresponding 
exactly to the same anomaly is not found on each 
stereotaxic view. Polymorphous clusters of microcalcifi- 
cation can easily be identified because one calcification 
with a recognizable shape is chosen. Similarly, well- 
defined dense masses, such as stellar lesions, stand out 
clearly from the surrounding parenchyma and present 
no problem. However, it can be extremely difficult to 
locate the same point on both stereotaxic views when 
dealing with disorganized masses with monomorphous 
calcification and with subtle architectural distortion. 
It must be remembered that the quality of stereotaxic 
views, spatial resolution and kinetic blurring are inferior 
to those used diagnostically with no grid or 0.1-mm 
focusing. Diagnostic applications provide enlargement 
possibilities and less compression, explaining the prob- 
lems experienced with minimal stereotactic images. We 
hope that progress in digital imaging technology will 
lead to the end of this problem. 

Prepectoral deep lesions, opposite to the window 
in the compression plate, may not allow needling [y ] .  
Superficial lesions and those lying near the nipple may 
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also present difficulties in sampling because correct 
compression cannot be applied if the aperture overlaps 
with the edge of the breast. In these cases an alternative 
technique should be used. For example, deep lesions 
are best explored using an examination table with a 
dedicated prone equipment. 

Complications 

If proper aseptic and technical conditions are observed, 
there is no risk of infection or dissemination of malignant 
cells. There are several large studies proving the safety 
of FNAC for neoplastic tumours. Only one case of 
dissemination along the needle trajectory has been 
reported after a core-needle biopsy with a 14-gauge 
needle [zI]. When malignancy is diagnosed, treatment 
should not be delayed. 

Bleeding is sometimes seen but is self-limiting or 
resolves by local compression. 

Other possible disadvantages include discomfort due 
to prolonged breast compression during the procedure 
as well as due to an awkward position of the neck, 
especially in patients with cervical arthritis. 

Summary of results obtained with FNAC 

S M A L L  U N R E C O G N I Z E D  C Y S T S  

Typical cystic masses are ruled out ultrasonographically. 
However, small and suspicious masses, due to their 
irregular shape or long-term follow-up with mammo- 
grams, may be missed by ultrasonography. These masses 
may be hypoechoic and atypical lesions with no proof 
of fluid content. In a number of cases, aspiration enables 
the diagnosis of an ordinary cyst or cyst with thick 
contents to be established, thus avoiding repeated check- 
ups or unnecessary surgery (Fig. 26. s).  

S M A L L  D E N S E  T I S S U L A R  L E S I O N S  

If the cytological result is benign, this is as reliable as 
that obtained in palpable lesions and with the same false- 
negative rate. Therefore, in specific cases such as round 
masses with a large number of perfectly identifiable 
cells, radiological follow-up may be sufficient (e.g. small 
fibroadenomas or certain benign intramammary lymph 

nodes with atypical configuration from a radiological 
point of view). 

If the cytological result in stellate or more-or-less 
regular circumscribed masses proves to be malignant, 
the reliability of the result is very high. The accuracy of 
the technique has allowed detection of malignancies of 
3-5 mm within these mammographic lesions. 

The cytological result may be inconclusive in up to 
one-third of cases due to technical problems at sampling, 
type of radiological image or histological nature of the 
lesion in question. Because cells may not be obtained 
or the result may represent a false-negative, FNAC 
has almost been replaced by needle biopsies using an 
automatic biopsy gun. 

Results obtained with an automatic core biopsy gun 

The rate of positive results depends on the number of 
samples taken, the size of the lesion and its histological 
type. Comparison of results from various studies [14] 
demonstrates that failure occurs more frequently with 
small lesions (e.g. < I cm, clusters of microcalcification 
or in situ carcinoma). 

In cases of neoplastic lesions, the quality of the sample 
taken usually enables an exact histological analysis with 
the possibility of ascertaining the SBR stage. Investigation 
of hormonal receptors and cell proliferation markers 
can also be carried out. 

If the histological result proves benignity, simple 
follow-up management is allowed, provided the following 
conditions are met. 
I The radiological image itself must also be clear. The 
histological result must be compared with the radiological 
appearance of the lesion. Images that are statistically 
unlikely to be neoplastic can be followed radiographically 
(e.g. the risk of carcinoma in rounded, well-circumscribed 
masses is 2-4%). Images that are far more likely to 
correspond to malignant lesions, such as stellate lesions 
and very suspicious clusters of microcalcifications, 
should be managed more aggressively. 
2 There must be proof that the sample was indeed taken 
from the lesion in question. This is why it is an advantage 
to have stereotaxic views with the needle in place. 
3 The various elements of histological analysis and the 
appearance of the radiological image must be coherent: 
calcification, fibrous tissue, etc. 



Fig. 26.5 Screening in a 50-year-old woman with familial 
history. Mammogram: a round 6-mm mass, not seen on 
previous mammogram. (a) Sonography: a small (6-mm) 
hypoechoic lesion with internal echoes. It is not a typical 
cyst. Stereotaxic guided fine-needle aspiration: fluid cyst. 
This is confirmed by pneumocystography (b). 

4 The patient must accept regular follow-up because a 
low risk of false-negative results still remains, especially 
in deep lesions located against the pectoral muscle where 

associated systematically because biopsy can overlook 
carcinoma in situ, whereas cytology, due to its aspirative 
nature, enables loose cells to be detached with improve- 
ments of the results [q]. As previously mentioned, a 
biopsy is unnecessary in previously unrecognized small 
cysts, especially if not seen by ultrasonography or are 
misleading in appearance. In this situation, aspiration 
cytology may be both diagnostic and therapeutic [u]. 

Finally, the cutting needle used for biopsy does not 
permit aspiration or pneumocystography. 

there is a risk of the breast slipping and thus affect the Preoperative localization of breast masses 
reliability of the biopsy sample. - .  

Accurate preoperative localization of breast masses 

Association of FNAC and needle-core biopsy 

- - 

provides a guide to the surgeon. This will allow the 
excision of the smallest amount of tissue, avoiding a 

Given that needle-core biopsy gives a histological result large and non-aesthetic quadrantectomy. In addition, 
and is thus more reliable than simple cytology, it the pathologist's task is easier because he or she can 
is questioned whether it is necessary to continue to multiply the number of sections over a smaller area. 
associate the two types of sample or if the fine-needle Localization of the mass is essential for the excision of 
phase should be eliminated. Some authors report a small, deep lesions in a large breast. 
curious paradox between cytology and histology, where 
false-negatives by needle biopsy have been demonstrated Classic localia.tion procedures 
by positive cytology. In the case of clusters of micro- 
calcification the two techniques must continue to be The usual mammographic views show the mammary 
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gland in just one plane. Therefore, two orthogonal 
images can locate the anomaly at the intersection of 
their two planes the third dimension being the missing 
depth. To localize the lesion the breast must be imagined 
as a graph with the nipple at point o. The horizontal 
coordinates ( x )  are measured from the front, with the 
lesion located by specifying internal or external relative 
to the nipple. The vertical coordinates (y) are measured 
on a strict profile incidence, specifying upper or lower 
sector relative to the nipple. With the x and y coordinates 
transferred to the breast the lesion is localized. The 
mammographic measurements are more important 
than the real measurements because of the compression 
and alterations secondary to the X-ray technique. The 
coordinates must therefore be interpreted before making 
the appropriate skin marking. How great a reduction 
must be applied depends on a number of factors, 
including the mammographic apparatus, the type of 
breast, its volume, density and the degree of compression 
and compressibility. Simple marks can be made on the 
skin, which constitutes a 'planimetry'. 

Several authors use modified compression plates 
consisting of multi-perforated plexiglass plates or 
plates with a rectangular aperture with radio-opaque 
centimetre graduations around the edges (coordinate- 
grid compression plate) [ I , L ~ , Z ~ ] .  

A fine needle can be guided to the intersection of 
the two selected planes, confirming the position by 

two additional orthogonal mammographic views. If 
the needle is more than 10-zomm away from the 
lesion, and depending on the volume of the breast, the 
procedure may need to be repeated. After confirmation 
of the correct location of the needle there are three 
alternatives: (i) the needle is left in place and the surgical 
excision performed immediately; (ii) injection of a 
colouring material such as methylene blue and surgical 
excision as the colouring material diffuses in the tissue; 
and (iii) introduction of a needle wire system that is 
hook-shaped. This localization can be carried out the 
day before surgery. 

Stereotaxic localization procedures 

As previously mentioned, stereotaxic localization enables 
three-dimensional identification of the lesion to be 
biopsied. After the needle is confirmed to be inside the 
lesion, the procedure can be ended either by injecting 
a colouring material or, more frequently, by implanting 
a hookwire. The latter case requires two additional 
orthogonal views to determine the correct position of 
the hook. The surgeon now has an overall view of the 
breast with the hook in place, improving evaluation of 
the relationships between radiographic images, opaque 
markers and mammary gland. There is, however, a risk 
for the hookwire to move and it must be carefully 
anchored to the skin. Compared with the classic local- 

Fig. 26.6 Specimen radiograph. 
X-shaped hookwire left in the 
lesion; 3-mm invasive ductal 
carcinoma. Mammogram: 
impalpable ill-defined 3-mm mass 
visible only on profile views, goo 

and oblique mediolateral 60°, too 
high to be seen on the craniocaudal 
view. Not seen with sonography. 
The only method for guidance is 
stereotaxic guidance. 
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ization procedure, preoperative stereotaxic localization 
has brought about a decrease in the volume of excised 
tissue (an obvious advantage), a drop in the number 
of repeat incisions and a reduction of the failure rate. 
Repeat incisions are required when intraoperative 
radiographic studies on surgical specimens demonstrate 
that all or part of the lesion has been left behind. Even 
the most experienced groups know how difficult this 
type of surgery can be and have witnessed a certain 
number of failures due to lesions remaining visible at 
the post-excisional evaluation (Fig. 26.6). 

Complementarity of ultrasound and X-ray 
for management of breast masses 

Ultrasound-guided techniques are reviewed elsewhere 
in this book. However, we would like to stress that 
ultrasonographic and X-ray techniques are not exclusive. 
Some abnormalities can only be visualized by one of 
the two methods of investigation. For example, clusters 
of microcalcification are rarely seen by ultrasonography 
and localization can only be made radiologically. Other 
lesions can be seen by ultrasound and have no equivalent 
visibility on mammography due to breast density or 
because of the type of breast. In the latter cases, 
localization may only be possible under ultrasound 
guidance. In general, and when there is a choice, 
FNAC under ultrasonography is the first option because 
it is a. simple procedure in trained hands [ 2 5 ] .  In 
small ultrasonographically detected lesions that are deep 
or have poor contrast, stereotaxy is the first option 
depending on breast volume, location of the lesion and 
the operator's experience or skill. 

Stereotaxic needle-core biopsy can be used initially 
or may be required after an aspiration if the cytological 
sample has insufficient or no cells. Ultrasound-guided 
methods of core biopsy are difficult to perform on a 
routine basis and do not permit visualization of the 
needle in real time. Stereotaxic techniques are more 
reliable and easy to implement by trained personnel. 
Furthermore, only relatively voluminous lesions (> 10- 
I 2 mm) can be punctured under ultrasound guidance, 
whereas stereotaxy enables images of only 5 mm to be 
punctured [26] .  

For preoperative localization ultrasound guidance 
may be the best alternative. However, in those cases 
where the lesions are small or difficult to visualize it 

may be desirable to confirm the concurrence of the 
ultrasound and X-ray images: a needle can be positioned 
under ultrasound and checked by two orthogonal 
mammograms before its removal. 
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Homer Mammalok Plus breast needle1 
wire localizer 246,247 
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complications 250, 25 I 
mammographic guidance 264-5 
ultrasound guidance 243, 245-7 

human chorionic gonadotrophin (hCG) 
P-subunit see P-human chorionic 

gonadotrophin 
in coelomic fluid 42 

hydrocephalus, congenital 109 
hydrogel implants, polyacrylamide 23 8 
hydronephrosis, fetal I 10-1 I, 140 
hydrops fetalis 

fetal shunting 108-9, I 12, I 13, I 17 
fetal transfusions 103, 105 
PUBS for evaluation 94 
umbilical venous pressure 13 8 

hydrothorax, fetal I I 2-1 3 
intrapleural pressure 140 
see also thoraco-amniotic shunting 

hyperthermia treatment, ectopic 
pregnancy I 9 3 

hypotension 
fetal, in halothane anaesthesia go 
maternal, adverse effects 34 
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hypoxaemia, fetal 
in polyhydramnios I 3 4 
PUBS 94-5 

hysterectomy, postoperative effusions 
I 87-8 

hysteroscopy, after transcervical 
metroplasty 209 

hysterosonography I 5 8, I 61 

immunodeficiencies, congenital 9 2 

immunoglobulin transfusion, fetal 
103-4 

implants, in urinary stress incontinence 
23 5-69 23 7-8 

India ink 248 
indigo carmine, fetal identification 72 
indocyanine green 248 
indomethacin 24, 3 5, I 3 2 

infections 
after CVS 5 5, 57 
after fetal shunting I I 6 
after ovum recovery 221 

congenital, diagnosis 92-3 
intra-amniotic see intra-amniotic 

infections 
transfusion risks 105 
see also microbial invasion of 

amniotic cavity 
infertility, septate uterus causing 206, 

209 
inhalational agents 

fetal anaesthesia 29, 30-2, 3 5 
maternal anaesthesia 25 
tocolytic effects 3 5 

interleukin-6 (IL-6), amniotic fluid 
80-3 

interstitial line 200 

interventional ultrasound 
breast 25 3-7 
cervix 161-4 
counselling prior to 5-7 
in daily gynaecological practice 

1 5 7-64 
ethical issues 7-10 
fallopian tube I 5 8-61 
in fetal medicine 20-2 

history of development I 5-1 6 
legal issues 10-1 I 

maternal abdomen entry sites 20 

new techniques 6, 7 
procedures 14-1 5 
risks 5-6, 104-5 
technical aspects I 5-19 
uterine cavity I 5 7-8 

intra-amniotic infections 
after amniocentesis 68 
amniocentesis for diagnosis 7 5-8 3 
amniotic fluid culture 75-8 
rapid diagnostic methods 78-83 

intracardiac route 

fetal blood sampling 91 
fetal transfusion 104 

intrafetal pressures I 3 7-40 
in body cavities 140 
in intrauterine transfusions I 3 8-9 
measurement methods I 29 
referencing techniques I 29 
sources of error 129-30 
vascular I 3 7-8 

intramuscular route, fetal anaesthesia 
7-99 33 

intraosseous route, fetal anaesthesia 29 
intraperitoneal pressure (IPP), fetal 

138-9,140 
intraperitoneal route 

fetal anaesthesia 29-30 
fetal transfusion (IPT) 21-2, 104, 

13 8-9 
intraumbilical pressure (IUP) I 3 8 
intraurethral ultrasonography 223 
intrauterine device (IUD) I 57, 159, 

I 60 
intrauterine exchange transfusion 

(IUET) 104,105, 106 
intrauterine growth retardation (IUGR) 

nutrient supplementation I 25 
PUBS 92,94-5 

intrauterine pressure I 27-4 I 

manometric measurement system 
127-30 

materials/methods I 28-9 
sources of error 129-30 

see also amniotic pressure; intrafetal 
pressures 

intravascular transfusions, fetal (IVT) 
104, I39 

intravenous anaesthesia, fetal effects 
25, 32 

intravenous fluids, in fetal anaesthesia 
3 5 

intravenous route 
fetal anaesthesia 29, 3 3 
fetal transfusion 104 

intraventricular haemorrhage, fetal 
stress and 27 

introital ultrasonography 223, 224 
invasive procedures, ultrasound-guided, 

see interventional ultrasound 
in vitro fertilization (IVF) 216 

embryo transfer 221-2 

oocyte retrieval I 8 5-6, 2 I 6-2 I 

ovulation induction-ovarian 
stimulation 21 6 

isoflurane, fetal anaesthesia 30-1,3 2 

karyotyping (chromosomal analysis) 
amniocentesis for 60, 63 
coelocentesis for 43 
fetal blood sampling for 91-2 

kidneys 
dysplastic I I I 

pressures within 140 

see also renal function 
Kopans spring hook localizer needle 

246,247 

laboratory errors/misdiagnoses I I 

labour 
amniotic pressure during I 3 o 
preterm see preterm labour 

laparoscopic ultrasound technology 
211-15 

equipment 211,212,212,213 
gynaecological case histories 2 I 1-14 
other clinical applications 214-1 5 

laparoscopy 
diagnostic I 8 I 
in ectopic pregnancy therapy 172,174 

Laplace's law I 27, I 3 5 
laser therapy 

in fetal obstructive uropathy I 19 
in twin-reversed arterial perfusion 

sequence 148 
in twin-twin transfusion syndrome 

147-8 
lateral resolution I 3 
leak point pressure 230 
legal issues 10-1 I 

levator anii, effort of retention 23 I 
limb injuries, fetal 69 
limb reduction defects, after CVS 5 5-6 
liver 

biopsy, fetal I 5, 21 

cancer, laparoscopic staging 21 5 
local anaesthesia I 8-19 

for breast procedures 25 3, 260 
in fetal medicine 20, 24-5 
fetus 24-5, 30 
in multifetal pregnancy reduction I 5 3 
in oocyte retrieval 219 

local anaesthetics, fetal effects 24 
lung 

development, after amniocentesis 70 
hypoplasia see pulmonary hypoplasia 
liquid, in oligohydramnios I 3 6 

lymphocytes, cord blood 60,92 

magnesium sulfate 3 5 
malignant tumours 

breast 262 
laparoscopic staging 2 14-1 5 
pelvis 

interstitial brachytherapy 192 
laparoscopic staging 214-1 5 
management I 80, I 8 I 
ultrasound criteria 169, 179, 180 
ultrasound-guided puncture I 66-7 

malpractice, medical I 0-1 I 

Mammofix device 246, 247 
mammography 

complementarity with ultrasound 
265. 

for confirming lesion localization 
24 8-9 
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in interventional mastology 2 5 8-65 

complications 262 
indications 25 8 
pitfalls 261-2 
technique 25 8-60 
vs ultrasound guidance 262-3 

postoperative 250 
for preoperative localization 24 3, 

244,250,263-5 
surgical specimens 249-50 

manometry 
fluid-filled systems I 28-9, I 30 
intrauterine pressure measurement 

127-3 0 

pressure-tip systems 129, I 3 I 
sources of error I 29-3 o 
in urogynaecology 224 

maximum cough bladder hyperpressure 
230 

mechanical trauma, multifetal pregnancy 
reduction I 5 2 

megacystis I 10, I I I 

membranes, fetal 
injury in CVS 54, 57 
premature rupture see premature 

rupture of membranes 
metallic devices 

breast mass localization 24 5-7, 248, 
264-5 

choice 251 
complications 250, 25 I 

ring-down artefact I 3-14 
metastatic tumours, biopsy 191 
methadone 32 
methotrexate (MTX) injection 

in cervical pregnancy 202 

in cornuallinterstitial pregnancy zoo, 
20 I 

in ectopic pregnancy I 74, I 9 I 
local vs systemic (intramuscular) 173 
in tuba1 pregnancy 172-3,198-9,200 

methylene blue 
as breast mass marker 247, 251, 264 
breast pain after 250-1 
for fetal identification 72-3 

metroplasty, transcervical 205-10 
microbial invasion of amniotic cavity 

(MIAC) 
amniotic fluid culture 75-8 
diagnosis using amniocentesis 7 5-8 3 
rapid diagnostic methods 78-83 

micturition see urination 
middle axis technique, breast puncture 

254 
middle cerebral artery Doppler 

pulsatility index 28 
minimally invasive (MIS) cancer staging 

214-15 
minimum alveolar concentration 

(MAC), in fetal anaesthesia-30, 
31931 

mirror-image artefact 14 
miscarriage 

after amniocentesis 63-4,65, 66, 
67-8 

in multiple gestations 73-5, 146-7 
risk factors for 70-1 

after CVS 52, 53-4, 56 
after multifetal pregnancy reduction 

152-3 
after PUBS 98-9 
recurrent, in septate uterus 206 

misdiagnosis, legal aspects I I 

monkeys, amniocentesis studies 69-70 
monoamniotic twinning, diagnosis 73 
monochorial fetuses, in multiple 

gestations I 5 I 
morphine 3 2, 3 5, 3 6 
Mouchel's operation 23 5 
Mouchel surgical urethrometer 23 5 
multifetal pregnancy reduction (MFPR) 

=51-4,191 
outcome/complications I 5 2-3 
postoperative follow-up I 5 2 

preoperative counselling I 5 2 

transabdominal needling I 5 2 

transcervical aspiration I 5 I 
transvaginal needling I 5 2 

ultrasound guidance I 5 I 
multiple gestations 

amniocentesis 72-5 
monoamniotic twinning and 73 
needle insertion techniques 73, 

146 
safety 73-5, 146-7 

cvs 52, I47 
ethical issues 9-10 
fetal shunting I 10 

individual fetus identification 5 2, 72 
selective termination 9-10, 72 
see also twin gestation 

muscle relaxants see neuromuscular 
blockers 

Mycoplasma (hominis) infections 
amniotic fluid discoloration 71 
diagnosis 79 
in preterm labourPROM 76, 77, 78 

myoma, uterine 214 
myometrial biopsy I 8 8-9 

nail hypoplasia 5 6 
narcotics, see opioids 
National Organization for Rare 

Disorders (NORD) 4 
near-field artefact I 3 
needle guides, fixed 16 

for amniocentesis 62 
for fetal blood sampling 97 
for pelvic mass puncture I 8 3 

needles 
amniocentesis 61, 64 
for breast procedures 243, 244-5, 

253 

flexibility, in breast puncture 261 
free-hand insertion see free-hand 

techniques 
for PUBS 98 
ring-down artefact 13-14 
sono-enhanced I 8 
'tip-echo' 245, 254, 255, 256 
visualization I 7, I 8 

negligence, medical 10 

Neisseria gonorrhoeae cultures 46 
neural tube defects 

in multiple gestations 72 
prenatal diagnosis 60, 62-3 

neuromuscular blockers (muscle 
relaxants) 

fetal immobilization 25, 33-4,97, 
114 

routes of administration 29 
nitroblue tetrazolium dye reduction 

test 92 
nitroglycerin 3 5 
nociception 

adverse effects on fetus 27-8 
fetal 27 

Noonan syndrome 4 
nuchal fold thickening 47 

obstructive uropathy, fetal 108, 
I 10-1 2 

fetal shunting see vesico-amniotic 
shunting 

new developments I 19 
outcome 118 
urinary pressures 140 

ocular injuries, fetal 69 
oestradiol (Ez), cyst fluid 170, 171, 

185,186 
oestrogen, maternal levels 3 6 
oligohydramnios I 34-7, 140 

after CVS 54-5 
amnio-infusion I 10, I I 5, I 3 6-7 
amniotic pressure I 3 4-5 

effect of amnio-infusion I 3 6-7 
fetal compression and I 3 5-6 

complications I 3 4-5 
diagnostic assessment I I o 
fetal shunting I I 1-1 2, I I 5 
sequelae 13 5-6, 137 

oocyte (ovum) retrieval I 5, I 8 5-6, 
216-21 

anaesthesialanalgesia I 84, I 8 5, 
216-17,219 

perurethral aspiration 217 
transabdominal 21 6-17 
transvaginal 2 I 7-2 I 

anaesthesialanalgesia 219 
equipment 217, 218, 219, 220 

problems/complications 220-1 

procedure 2 I 8-19,220 
vaginal preparation 21 8 

opioids, in fetal analgesia 25, 3 2 

ornipressin I 89 
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oromandibular-limb hypogenesis 
syndrome 5 5, 5 6 

orthopaedic abnormalities, after 
amniocentesis 69 

ovarian cysts 
expectant management I 68 
fluid appearance/analysis I 70-1, 

185,186 
fluid CA I 25 levels 170 
functional 168, 171, 181, 185 
modern management I 70-1, I 79, 

181 
ultrasound criteria I 69 
ultrasound-guided puncture I 68-9 

ovarian stimulation 21 6 
ovarian tumours 

benign 167 
malignant I 66-7 
ultrasound criteria I 69-70 

ovaries 
abscess, after ovum recovery 221 

bimanual palpation I 57 
biopsy 191 
laparoscopic ultrasound 214 
remnants, detection 21 1-1 3 

ovulation induction 21 6 
ovum recovery see oocyte (ovum) 

retrieval 
oxygen 

fetal supply, in anaesthesia 34-5 
maternal supplementation 34 

oxytocin antagonists 3 6 

pain 
breast interventional procedures 

250-1 
fetal perception 27 
in utero assessment 28 
long-lasting sensitization 28 
see also anaesthesialanalgesia 

pancreatic cancer, laparoscopic 
staging 215 

pancuronium 3 3 
paracervical block 219 
'parallel' (side-on) approach I 6, 17 
parametrial biopsy 19 I 
parametrial effusions, postoperative 

I 87-8 
parasitic infections, congenital 92-3 
parvovirus B I ~  infections 93, 103, 106 
pelvic abscess 

after oocyte retrieval 221 

management I 8 I, I 8 8 
pelvic masses I 79-8 5 

benign tumours 179,180,181 
biopsy 191 
diagnosis and management 179-8 I 

malignant see malignant tumours, 
pelvis 

sonographically-guided puncture 
I 8 1-5 

transabdominal route I 82 

transvaginal route I 82-5 
see also adnexal cystic masses; 

ectopic pregnancy; ovarian cysts; 
ovarian tumours 

pelvis 179-94 
future outlook 193-4 
injection procedures 19 1-2 

interstitial brachytherapy 192 
postoperative effusions I 87-8 
tissue biopsy techniques I 8 8-9 I 

percutaneous umbilical blood sampling 
(PUBS, cordocentesis) I 5, 91-9, 
I22 

anaesthetic requirements 29,97 
complications/failure rate 9 8-9 
fetal stress response 28 
historical review 9 I 
indications 9 1-5 
patient counselling 6-7 
techniques 21,22,95-8 

free loop of cord 96-7 
intrahepatic umbilical vein 96, 98 

in twin-reversed arterial perfusion 
sequence 149 

pericardial effusion, fetal I I 2-1 3 
perinatal complications, after CVS 5 5 
peritoneo-amniotic shunts I I 3, I I 5, I I 6 
peritonitis 

after oocyte retrieval 221 

granulomatous I 67 
perpendicular offset approach I 6, 17 
phalanx, shortened distal 56 
phantoms 17-1 8 
piezoelectric effect I 2 

placenta 
anastomoses, laser coagulation 147-8 
position 

CVS technique and 20-1, 52, 54, 
5 6-7 

umbilical vein catheterization 
and 122 

transfer of anaesthetic agents 29, 3 2 

see also uteroplacental perfusion 
placental lakes, avoidance during 

cvs 47357 
platelet 

alloimmunization 94, 103, 105 
transfusions, fetal 94, 103 

pleural effusions, fetal 108-9, I I 2-1 3 
outcome I 17-1 8 
percutaneous aspiration I I 3 
shunting see thoraco-amniotic 

shunting 
pneumonia, neonatal, after amniocentesis 

70 
pneumothorax 

after thoraco-amniotic shunts I I 8 
amniocentesis-associated 69 

polyhydramnios I 3 1-4, 140 
amniotic pressure I 3 1-4 

effect of fluid drainage I 3 1-3 
impaired uteroplacental perfusion 

and 133-4 
complications I 3 1-2 

fetal shunting procedures 108-9, 
113,115 

treatment I 3 2, I 34 
in twin pregnancy 147 

polymerase chain reaction (PCR) 43, 
93 

polymorphic traits, prenatal selection 8 
polytetrafluoroethylene (PTFE) slings 

237,238 
porencephalic cyst, after amniocentesis 

6? 
positioning, patient 

for anaesthesia in pregnancy 24 
for breast procedures 244, 25 3, 

25 8-9 
in urogynaecology 224,232 

posterior urethral valves (PUV) I 10 

postoperative care, in fetal medicine 25 
postoperative intra-abdominal effusions 

I 87-8 
potassium chloride (KCl) 191 

in cervical pregnancy 202 

in cornual/interstitial pregnancy 200, 

20 I 

multifetal pregnancy reduction I 52, 
191 

in tuba1 pregnancy 198-9, 200 

pouch of Douglas aspiration see 
culdocentesis 

prealbumin, coelomic fluid 42 
preconceptual counselling 4 
pregnancy 

anaesthetic techniques 24-5 
physiological changes 23-4 

pregnancy loss 
after amniocentesis 63-4, 73-5 
after CVS 53-4 
after PUBS 98-9 
see also miscarriage 

preimplantation diagnosis 8, I I 
premature rupture of membranes 

(PROM) 
after umbilical cord ligation 149 
amniocentesis and 68, 70 
amniotic fluid indicators of 

infection 81, 82 
CVS and 54 
fetal blood sampling 9 5 
intra-amniotic infections and 75-8 

premedication 24 
prenatal diagnosis 

amniocentesis for 60 
coelocentesis for 39,43 
ethical issues 7-8 
genetic counselling 3-4 
legal aspects 10, I I 

patient counselling 6-7 
PUBS for 91-2 
ultrasound-guided procedures I 5 8 

preoperative anaesthetic assessment 24 
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contraction 226, 227 
digital compression 227 
during holding 23 I 
therapeutic section 227 

pressure, definition 127 
pressure transmission ratio (PTR) 230 
preterm labour 

amniotic fluid indicators of infection 
80, 81, 82 

interventional techniques inducing 24 
intra-amniotic infections and 75-8 
multifetal pregnancy reduction and 

I53 
prophylaxis 25, 3 5-6, 116 

primates, non-human 
amniocentesis studies 69-70 
umbilical vein catheterization I 24, 

125 
probes, ultrasound see transducers, 

ultrasound 
progesterone, cyst fluid 170, I 8 5 
prolapse, evaluation 23 4-5 
propofol, patient-controlled sedation 

34 
prostaglandin injection, in ectopic 

pregnancy 19 8 
prostaglandin synthesis inhibitors 3 5, 

132 
protein, coelomic fluid 4 1-2 

pseudomyxoma peritonei I 67 
pubic bone 224,225 
PUBS see percutaneous umbilical blood 

sampling 
pulmonary cysts, fetal 108-9, I 12-13 

aspiration I I 3 
shunting see thoraco-amniotic 

shunting 
pulmonary hypoplasia (PH) 

amnio-infusion for prevention I 3 7 
antenatal diagnosis 140 
fetal shunting and I 17-19 
intrapleural pressures 140 
in oligohydramnios I 3 4-6 
in urinary tract obstruction I I 1-1 2 

pulmonic stenosis 4 

radiography 
surgical specimens 249 
see also mammography 

red blood cell alloimmunization 
diagnostic amniocentesis 9 3 
fetal transfusion therapy 106 
see also Rhesus (Rh) alloimmunization 

refractive shadowing artefacts 14 
regional anaesthesia, in fetal medicine 

24-5 
renal function 

after vesico-amniotic shunting I I 6 
fetal assessment I I I, I 19 

respiratory complications, after 
amniocentesis 69-70 

respiratory distress syndrome, neonatal 
70 

respiratory function, in pregnancy 23 
Retzius space 225, 226 
reverberation artefact I 3 
Rhesus (Rh) alloimmunization 

after CVS 5 5 
after fetal transfusion 105-6 
amniocentesis and 71-2 
diagnosis 93 
fetal transfusion therapy 103, 106 

ring-down artefact I 3-14 
Rocket fetal catheter I 14, I I 6 
rubella, congenital 9 2-3 

sagittal section, in urogynaecology 
225-6 

saline injection, multifetal pregnancy 
reduction I 5 2 

salpingectomy, laparoscopic 172, 174 
salpingocentesis 19 8-200 

in ectopic pregnancy 172-3, 198-9 
technique I 99-200 

salpingotomy, laparoscopic 172, I 74 
sedation, maternal 

for fetal anaesthesia 25, 29, 3 2, 3 5, 
114 

maternallfetal blood gases 34 
patient-controlled 34 
premedication 24 

severe combined immunodeficiency 
(SCID) 92 

sex 
determination, from coelomic fluid 

43 
selection 7-8 

shadowing artefacts 14 
sheep 

fetal anaesthesia 30-2, 3 3, 34-5 
maternal intravenous fluids 3 5 

shunts, fetal 21-2, 108-19 
anaesthetic requirements 29 
applications 108, 109 
case selection 109-13 
complications I I 5-1 6 
contraindications I 10 

delivery and shunt removal I I 8 
follow-up I 17-1 8 
insertion techniques I I 3-1 5, I I 6 
outcome I I 8-19 
pathophysiology I 08-9 
types 114 

sickle cell disease 43 
side-lobe artefact 14 
'side-on' (parallel) approach I 6, 17 
single-operator technique I 6, 97 
skin 

biopsy, fetal I 5, 2 I 

fetal, inadvertent puncture 69 
marking, breast masses 264 

slice thickness 196 
sphincteral zone, urethral 225,226-228 

spinal anaesthesia 
fetal lambs 30 
maternal 24 

stem cells, fetal transplants IS, 103-4 
sterile techniques I 8 
sterilization, transcervical tuba1 

catheterization in 160 
stress incontinence see urinary stress 

incontinence 
stress response, fetal 27-8, 3 6 
subchorionic haematoma, after CVS 54 
sulindac 132 
sulphan blue 247 
surgical specimens, breast lesions 

249-50 
syncytiotrophoblast 46,47 

talipes 135, 137 
target size, minimum 19 
Tay-Sachs disease 10 

termination, pregnancy see abortion, 
induced 

testosterone, cyst fluid I 8 5 
thoracic lesions, after amniocentesis 69 
thoraco-amniotic shunting 22, 108-9, 

112-13 
aims 113 
complications I I 5, I I 6-1 7 
delivery and shunt removal I I 8 
lung expansion after I 17-18, 140 
outcome I I 8-19 
technique 114, 115 
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with absent radii (TAR) syndrome 

9 3 
alloimmune 94, 103 
amegakaryocytic 93 
autoimmune 103 
fetal 93-4, 103 
idiopathic 93-4 

'tip-echo' 245, 254, 255, 256 
tocolysis 25, 3 5-6 
toluidine blue 247 
toxoplasmosis, congenital 93 
transcervical metroplasty 205-10 

long-term outcome 208-9 
operative technique 205, 206,207, 

208 
patient selection 205-6 
post surgical evaluation 206-8 

transducers, ultrasound 12, 16 
for amniocentesis 61-2 
curvilinear 16, 20 

with fixed needle guides see needle 
guides, fixed 

linear 16, 253 
with needle ports 16 
sector-scanning I 6 
sterility I 8 
in urogynaecology 223-4 

transfusion 
fetal see fetal transfusions 
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fetomaternal see fetomaternal 

haemorrhage 
intrauterine exchange (IUET) 104, 

105,106 
risks 105 

transparietal ultrasonography 223 
transperineal ultrasonography 

cervical length assessment I 62 
in urogynaecology 223-4 

transrectal ultrasound 223, 224 
transvaginal ultrasonography 

in cervical incompetence I 62-3 
in ectopic pregnancy see ectopic 

pregnancy, transvaginal 
procedures 

ovum recovery 2 I 7-2 I 
pelvic masses 179, I 82-5 
in urogynaecology 223, 224 

trisomy 21 (Down's syndrome) 10,47, 
60 

trophoblast cells, in endocervical canal 
46 

tuba1 ectopic pregnancy, salpingocentesis 
172-3,198-200 

tubocurarine, fetal immobilization 3 3 
tuboplasty, transcervical balloon 

I 59-60,161 
tumour markers, adnexal cysts 170, 

185,186 
twin gestation 146-9 

amniocentesis 72-5, 146-7 
safety 73-5, 146-7 
single-needle insertion technique 

73,146 
amniodrainage 147 
cvs 52, I47 
diagnosis of chorionicity 146 
fetal blood sampling 147 
fetal transfusions 106 

twin-reversed arterial perfusion (TRAP) 
sequence 

fetal blood sampling 95 
selective feticide 14 8-9 

twins 
acardiac see twin-reversed arterial 

perfusion sequence 
monoamniotic, diagnosis 73 

twin-twin transfusion syndrome 147 
fetal blood sampling 9 5 
laser coagulation of placental 

anastomoses 147-8 
polyh ydramnios I 3 2, I 3 3-4 

two-operator technique I 6 
for CVS 49 
for fetal blood sampling 97 

ultrasonohysterography I 5 8, 161 
ultrasound 

artefacts 13-14, 224 
beam see beam, ultrasound 
frequency 12 

optimizing machine settings I 8 
physics I 2-1 3 

umbilical artery blood velocity 
waveforms 95 

umbilical blood sampling, percutaneous 
see percutaneous umbilical 
blood sampling 

umbilical cord 
catheterization see umbilical vein, 

catheterization 
compression, in oligohydramnios 

'3 5, .I37 
endoscopic llgation 149 
haematoma, after amniocentesis 69 
tamponade 105 
vessels 

laser coagulation 148 
therapeutic embolization 148-9 

umbilical vein 
catheterization (chronic) I 22-5 

baboon model 124,125 
follow-up and complications I 25 
indications I 22 

operative guidelines I 22 

technique I 22-4 
checking origin of blood 98 
cord insertion site sampling 96 
intrahepatic 

pressure 138 
sampling 96, 98 

laceration 105 
sampling in free loop of cord 96-7 

umbilical venous pressure ( W P )  I 3 8 
in fetal transfusions 139 
in hydrops fetalis I 3 8 

Ureaplasma urealyticum infections 68, 
71978 

ureteral 'squirts' 225 
urethra 

angulation 224 
instability 226, 227, 233 
intrasphincteral injections 23 5-6 
sphincteral zone 225, 226, 228 
thickness 228 
total length (TUL) 227, 228, 229- 

30, 23 5 
urethra-horizontal angle (U-H) 228, 

229 
urethral closure pressure, maximum 

(MUCP) 229,230, 23 I 
urethral pressure profile (UPP) 

during coughing 23 0-1,23 5 
during holding 23 I 
measurement 224 
resting 228-30 

urethral pulse, ultrasonographic (UUP) 
228-9,230 

urethral valves, posterior (PUV) I 10 

urethrocystometry 226-7 
urethrography, during urination 23 3 
urethrometer 

calcified cursor 227, 228 

Mouchel surgical 23 5 
urethro-vesical angle 224 
urethro-vesical unit, position of 229, 

230 
urinary sphincter, artificial 23 5 
urinary stress incontinence 223 

diagnosis 230-1, 234 
surgery 23 4-8 

intraoperative ultrasound 23 5-6 
postoperative assessment 23 6-8 
preoperative assessment 234-5 

urinary tract 
female lower 

manometric parameters 229-30 
ultrasonic parameters 228-9 

obstruction see obstructive uropathy, 
fetal 

urination 
soft tissue movements 23 3 
ultrasound study 23 2-3 
urethrography during 23 3 

urine 
fetal, analysis I I I 

residual 233 
urodochocentesis 2 I 

urodynamic ultrasonography 
imaging methodstequipment 223-6 
manometric us ultrasonic parameters 

229-3 o 
procedures 226-34 

uroflowmetry 23 2-3 
urogynaecology 223-3 8 

choice of methodology 223-4 
classical sagittal section 225-6 
imaging in practice 224-5 
manometric catheters 224 
patient positioning 224 

uterine contractions 
amniotic pressure changes I 3 o 
CVS and 47,48 
suppression of post-surgical 3 5-6 

uterine infections 
after amniocentesis 68 
after CVS 5 5, 5 7 
see also intra-amniotic infections 

uterine septum 205-6 
transcervical section 205-10 

uterine tone, amniotic pressure and 
130-1 

uterine vein oxygen content 34-5 
uteroplacental perfusion 

in inhalational anaesthesia 3 2 
raised amniotic pressure and I 3 3-4 

uterus 
bimanual palpation I 5 7 
cornuaUinterstitia1 ectopic pregnancy 

200-1 

instrument entry sites 20 

interventional ultrasound procedures 
1 5 7-8 

minor surgery I 5 7-8, I 60 
myoma 214 



Index 

uterus, continued 
position, CVS technique and 52, 56-7 
postpartum evaluation I 5 8 

vaginosonography see transvaginal 
ultrasonography 

vasovagal reactions, breast procedures 
250,261 

ventilation, in maternal anaesthesia 25, 
34 

ventriculomegaly, fetal 108, 109, I I 3 
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