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Foreword

Surprisingly, no comprehensive textbook has been
written on the topic of ultrasound guidance of inter-
ventional procedures. Thismaybebecauseultrasound
use indifferent specialties or subspecialties is so broad
and is expanding that is difficult to complete a com-
prehensive and timely text on the subject matter.
Ultrasound is now used to guide interventional tech-
niques by practitioners in nearly every specialty,
including cardiology, radiology, intensive care, anes-
thesiology, gastroenterology, and others. For this rea-
son it is difficult to collect all of the relevant knowl-
edge and information into a single text. Fortunately,
Christoph Dietrich and Dieter Nuernberg have under-
taken to do this. Their joint skills as clinicians, tea-
chers, and authors have produced an important text-
book of interventional ultrasound. The coauthors of
each chapter were carefully chosen to reflect their
discipline with expertise in their particular field of
interest. Together they have completed a comprehen-
sive text on traditional methods of ultrasound guid-
ance of interventional techniques and have included
newer and more advanced use of ultrasound in guid-
ing other techniques. They have also reviewed more
recent advances in interventional ultrasound includ-
ing the use of contrast agents that help identify, guide,
and assess the success of different interventional
procedures. Certainly ultrasound has been shown to
have various advantages over othermodalities such as
CT in guiding interventional procedures. Ultrasound
transducers have been adapted for endoscopic use

and are now routinely used in biopsy of the thorax
and the gastrointestinal tract. Many percutaneous
biopsy aspiration or drainage techniques are now
performed with ultrasound instead of CT because of
the real-time capabilities, lack of ionizing radiation,
and precision of sonographic needle placement. Fur-
thermore, advanced ablative techniques can be guid-
ed by sonography, and the use of modern ultrasound
contrast agents allows assessment of the adequacy of
tumor ablation after treatment.

The authors first take us back in time with a his-
torical perspective of the use of interventional ultra-
sound, then deal comprehensively with current tech-
nologies, and take us forward to future applications of
ultrasound in different subspecialties.

I am very pleased to have been asked to write the
foreword for this work because I believe this textbook
on interventional ultrasound will be used as a stan-
dard reference text in this field. It gives both historical
perspectives andup-to-date information on the use of
ultrasound in guidance of different interventional
techniques. The authors and the editors deserve con-
gratulations for the completion of this important
work.

John P. McGahan, MD
Professor and Vice Chair of Academic Affairs

Director of Abdominal Imaging
Department of Radiology

University of California, Davis, USA
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Preface

Interventional ultrasound procedures have revolu-
tionized clinical practice in recent decades. The advan-
tages of ultrasound-guided interventions include an
unsurpassed sharpness of detail and excellent control-
lability due to the real-time visual display, the wide
availability of ultrasound equipment, and a simple and
straightforwardpractical technique.Thismakes it all the
more surprising that a standard textbook of interven-
tional ultrasound has not previously been published.

The editors have accessed a wealth of experience
from their expert contributors, who present the sub-
ject matter as concretely as possible and offer vivid
descriptions of practical techniques. Particular atten-
tion is given to clinical significance.

The practice-oriented approach may have caused
some instruments to be emphasized over other tested
and proven devices, with the result that some repu-
table companies and their products were not given
due attention.

The experience presented here, while proven, is
often highly individualized. In future editions, it is
intended that the content will be enhanced by input
fromultrasound interventionalistswho have not con-
tributed to this book so that we may achieve a fuller
and more balanced presentation. The advantage of a
concrete, detailed chapter format is obvious, and the
editors hope to see this work used as a “cookbook” in
the everyday practice of interventional ultrasound.

The book consists of two main parts. Part I deals
with general aspects of interventional ultrasound,
Part II with specific ultrasound-guided procedures.
Part I begins with a historical review, which is nec-
essary for the understanding of some current techni-
ques. Next come chapters that present essential basic
information on interventional materials, issues of
informed consent, equipment requirements, on-site
material processing, microbiological aspects, and
issues relating to hygiene and management of com-
plications. The importance of assisting personnel is
too often overlooked: this is addressed in a separate
chapter and under specific subheads. Particularly in
oncology, histologic (and/or cytologic) confirmation is
essential for planning a highly specialized and differ-
entiated modern treatment strategy. Up-to-date
immunohistochemical and immunocytologic staining
methods and proliferation indices are essential aids to
directing the treatment of gastrointestinal stromal

tumors and other lesions. Lymphomas are classified
hematologically as low-grade, aggressive, or highly
aggressive lesions, with each type having its own
therapeutic implications. The knowledge of contra-
indications, complication management, and how to
weigh risks against benefits forms the basis for the
chapters presented.

Part II dealswith pulmonary biopsy techniques and
thoracic interventions as well as diagnostic and ther-
apeutic interventions involving the thyroid gland,
urogenital tract, and musculoskeletal system. Endo-
sonographic interventions are described in detail.
Other topics relate to combined radiologic and sono-
graphic interventions as well as critical-care and
emergency-room interventions including cardiologic
and anesthesiologic procedures. Part II also explores
interventions in children and takes a look at new
techniques and future perspectives. Symptom-orient-
edpalliative care interventions representavery topical
issue that rounds out the chapter. Therapeutic abscess
drainage, interventional tumor ablation techniques,
and interventional treatments for parasitic diseases
(PAIR [puncture, aspiration, injection, reaspiration] for
echinococcosis) enrich our daily practice, as do estab-
lished therapeutic procedures such as percutaneous
transhepatic cholangiography and drainage (PTCD),
nephrostomy, and the drainage of pancreatic pseudo-
cysts. In the matter of interventional guidance and
approach, it is often necessary to decide between the
competing modalities of CT guidance and other imag-
ing techniques, which in some case can and should be
used to complement or supplement one another. The
role of ultrasound contrast agents in the preparation,
support, and guidance of interventional procedures is
also addressed.

This book is an expression of interdisciplinary and
multiprofessional viewpoints, some of which repre-
sent different approaches; this reflects reality in all its
diversity. The principle of “do no harm” is expressed in
repeatedurgings to apply the techniques judiciously in
everyday practice and not to become fascinated with
technology for its own sake. The decision to proceed
with an intervention is always an individual one and
should be measured by its benefit for the patient.

Professor Christoph F. Dietrich, MD
Professor Dieter Nuernberg, MD
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1 Interventional Ultrasound: Introduction and
Historical Background
H. Lutz

1.1 The Vienna Congress
The “First World Congress on Ultrasonic Diagnostics in
Medicine” was held in Vienna in 1969. It marked the end
of the pioneering age of diagnostic ultrasound that began
after World War II. By that time ultrasonography had
already found applications in ophthalmology as well as
neurology (echoencephalography using A-mode ultra-
sound to detect intracranial hemorrhage, for example)
and cardiology (TM-mode echocardiography for diagnos-
ing valvular disease). Especially for the fields of obstetrics,
gynecology, and internal medicine, the Congress marked
the start of a burgeoning period of clinical research.

The Vienna Congress began as the Third International
Symposium on Ultrasonic Diagnostics in Ophthalmology
(SIDUO III) headed by Viennese ophthalmologists J. Böck,
who served as president, and K. Ossoinig, who served as
scientific secretary. The original symposium was changed
to an interdisciplinary world conference when it was recog-
nized that, for the first time, comprehensive reports on
diagnostic ultrasound were available from a number of
other specialties. A total of 190 papers were presented—48
in ophthalmology, 29 in neurology, 20 in cardiology, 19 in
obstetrics and gynecology, and 23 in internal medicine.

Only two papers dealt with the capabilities of
ultrasound-guided needle procedures, and both reflected
the full spectrum of possible procedures and future
diagnostic applications. A. Kratochwil1 reported on

ultrasound-guided amniocentesis using a specially
designed biopsy transducer (▶ Fig. 1.1).

U. W. Blauenstein used ultrasound to localize tumor
nodules in the liver and puncture them percutaneously,
aided by markings drawn on the skin (▶ Fig. 1.2).2

To appreciate the significance of these reports, we must
recall the conventional diagnostic tools that were availa-
ble at that time. The relatively simple percutaneous
drainage of relatively large fluid collections was tradition-
ally guided by anatomical landmarks (e.g., for draining
ascites) or percussion (e.g., for thoracentesis). But these
methods were difficult or impossible to use in patients
with small fluid collections, adhesions, or septations. A
relatively large organ like the liver could be sampled to
investigate presumed diffuse disease using a standard
technique following localization by percussion. The devel-
opment of the Menghini needle in 1958had made per-
cutaneous liver biopsy a simple procedure.3 On the other
hand, a suspected tumor was considered at least a rela-
tive contraindication to needle biopsy, so that technique
could not be used for the selective sampling of tumor
nodules in the liver.

The only imaging modality available at that time for
the percutaneous biopsy of nonpalpable organs and
structures was classical radiography. But this method was
problematic for several reasons. First, the relationship of
the intended target (e.g., the inferior renal pole) to ana-
tomical landmarks like the spinal columnwas measurable
but the distance from skin to target (i.e., the second
plane) was not. Moreover, the kidney had to have suffi-
cient residual function that it could be opacified by intra-
venous contrast medium. Radiographic imaging also
required costly radiation safety measures for the patient
and staff.

Kratochwil described in his paper how ultrasound
guidance could make standard needle procedures easier
and safer (here, by avoiding the placenta), even in
unusual situations. The sectional images produced by
ultrasonography enable the target site to be visualized
and localized in all three dimensions. As early as 1961,
G. M. Berlyne4 suggested that the two-dimensional pyelo-
gram obtained before percutaneous renal biopsy could be
supplemented by an A-mode scan to measure the depth
from skin to target. In 1970, G. Rettenmaier noted the
advantages of using two-dimensional real-time ultra-
sound to track the respiratory movements of the kidney
and provide a third localizing dimension.5

Martin and Ellis6 were the first authors to report on the
aspiration biopsy of suspected neoplasms. Traditionally,
however, a targeted aspiration biopsy could be used only

Fig. 1.1 A-mode transducer with a central aperture for guiding
the (amniocentesis) needle, introduced by Kratochwil in Vienna
in 1969. (Source: With kind permission of the Vienna Medical
Academy.1)
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for palpable masses, thoracic tumors accessible to radio-
graphic guidance, or during (exploratory) laparotomy.

Blauenstein was the first author to show that ultra-
sound could be used not only to identify suspicious
lesions in organs but also to biopsy them selectively for
further differentiation. Thus began the development of a
relatively simple diagnostic method for the detection and

differentiation of even small, nonpalpable suspected neo-
plasms. By that time authors had already reported posi-
tive experience with the cytologic analysis of material
sampled by percutaneous aspiration (e.g., from lymph
nodes, the thyroid gland, the breast, or lung tumors) and
of tumor lesions (e.g., of the pancreas) sampled by intra-
operative needle biopsy.

Meanwhile, both Kratochwil and Blauenstein had dem-
onstrated the two main options available for performing
ultrasound-guided punctures. Blauenstein used a kind of
freehand technique in which he first measured the loca-
tion of the intended target and marked it on the skin,
then advanced the needle to the target without observing
it directly (▶ Fig. 1.2). Kratochwil used a special biopsy
transducer (▶ Fig. 1.1), which provided an A-mode dis-
play of the structures (in this case the placenta) previ-
ously defined by a slow B-mode scan.

1.2 The Introduction of
Ultrasound into Routine
Clinical Use
1.2.1 The Evolution of Ultrasound
Imaging Techniques
Over the next 10 to 15 years, two-dimensional sectional
imaging with ultrasound was increasingly implemented
in almost all medical specialties. At first the bistable com-
pound scan was still the (international) standard and was
supplemented by A-mode scanning for “structural” anal-
ysis. The introduction of gray-scale technology in 1974
significantly improved the images generated by this type
of system. Even so, the slow compound scan was increas-
ingly superseded by fast (real-time) B-mode scanning,
which replaced it completely by about 1980. As early as
1965, R. Soldner of the Siemens company7 had developed
the Vidoson 635 as the first mechanical fast B-mode scan-
ner. This device was widely used starting in 1970 and
became especially popular in internal medicine and
obstetrics. An electronic linear-array scanner was pro-
duced by ADR in 1974. By 1980 at the latest, all major
ultrasound companies had developed mechanical or elec-
tronic real-time scanners. Real-time B-mode imaging was
the technical prerequisite for the increasingly rapid
implementation of diagnostic ultrasound during this
period.

Some more theoretically oriented scientists believed
that technical advances in ultrasonography would make
it possible to discriminate among different tissue types,
thus enabling a reliable benign–malignant differentiation.
As a result, “tissue characterization” became a key topic
of discussion at international conferences, which were
now being held at regular intervals. Meanwhile, further
technical advances in ultrasound-guided biopsy were
pursued initially at centers of diagnostic ultrasound.

Fig. 1.2 Example of an ultrasound-guided percutaneous liver
biopsy. Same-scale views of the skin site and ultrasound image
as presented by Blauenstein in Vienna in 1969. X marks the skin
entry site over the enlarged hepatic left lobe. (Source: With kind
permission of the Vienna Medical Academy.2)
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Clinical ultrasound specialists favored that modality as a
simple, low-risk method for establishing a morphologic
diagnosis. Hans Henrick Holm stated this viewpoint suc-
cinctly in his book, Interventional Ultrasound8:
When considering the difficulties frequently encountered
with conventional microscopy, it does not seem likely that
tissue characterization with ultrasound or with any other
imaging modality will make it possible, with clinically
acceptable accuracy, e.g. routinely to distinguish between a
benign and a malignant intra-abdominal lesion.

1.2.2 Technical Evolution of
Ultrasound-Guided Biopsies
From a technical standpoint, Kratochwil’s concept of
using a single transducer with a central aperture on a
compound scanner was easily moved from the design
stage to practical reality (▶ Fig. 1.3). Biopsy transducers
for compound scanners became available commercially
only a short time after the Vienna Congress.9,10 These
devices were used in many early studies.

On the other hand, this technique was still somewhat
laborious for percutaneous biopsies: First, an image of
the intended target was acquired slowly with a bistable
compound scanner (this took at least several seconds),
and the image was stored in memory. After the desired
puncture site had been marked on the skin, a sterilized
biopsy transducer was fastened to the scanner arm and
applied to the marked skin site. Next, the biopsy trans-
ducer was swept through a sector arc to redefine the
desired plane. The only orientation guide available
beyond this point was the static (frozen) B-mode image.
The target and needle path could be directly observed
during the biopsy itself only by viewing an A-mode dis-
play (▶ Fig. 1.4).

Needle insertion with the fast B-mode Vidoson system
was done using freehand technique: The intended target
was first defined in the B-mode image. The most favor-
able entry site in the second plane was located and
marked on the skin by noting the acoustic shadow cast by
a small wooden stick placed between the skin and trans-
ducer (▶ Fig. 1.5). The depth from skin to target was
measured on the monitor screen and could be preset on
the needle with a set screw. Whenever possible, the cum-
bersome (transducer placed in a water bag!) Vidoson was
positioned next to the entry site so that the intended tar-
get and needle could be monitored directly in the B-mode
image.11 Other authors used a needle guide mounted on
the side of the Vidoson. This design was available as a
prototype developed by Siemens in about 1974,12 or users
could create their own homemade version13 (▶ Fig. 1.6).

This principle was adopted in the easier-to-use handy
sector scanners (with direct contact to the skin) that were
developed later. In 1978, Saitoh and Watanabe worked

with the Aloka company to develop an adapter for a sec-
tor scanner (▶ Fig. 1.7),14 which was then marketed com-
mercially. At about the same time, Kretz Ultrasound also
developed an adapter for their Combison 100, which was
widely used in Europe at that time.

A relatively simple, homemade linear array transducer
with a central aperture (▶ Fig. 1.8) was first used by H. H.
Holm in 1974 for applications such as amniocentesis.
Under favorable conditions, the needle could be identi-
fied in the image. In 1976, Pedersen introduced the alter-
native design of a linear array device with a side-
mounted needle guide,15 which featured an adjustable
needle angle (▶ Fig. 1.9). In 1980 Toshiba developed a
special biopsy transducer with a triangular needle chan-
nel (▶ Fig. 1.10) for its SAL 20 linear array scanner. The

Fig. 1.3 Commercially available biopsy transducer (A-scan) with
a central needle aperture, mounted on a compound scanner
arm circa 1972.
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channel was open on one side for introducing the needle
guide and needle and allowed the needle to be inserted
at an oblique angle to the ultrasound beam.16 This princi-
ple was advanced further by the development of dispos-
able, plastic needle guides. The transducer could be
placed within a sterile sheath and the sterile needle guide
could be introduced from the side. In both systems, the
needle path predefined by the needle guide was dis-
played in the image as an electronic line (▶ Fig. 1.11).

As special biopsy transducers were being developed
and used, many examiners continued to use freehand
technique for percutaneous biopsies (and many still do so
today). This was facilitated by the development of
smaller, lighter transducers that could be placed next to
the puncture site. The needle could be observed as clearly
as with a side-mounted adapter.17 Freehand technique
also simplified hygiene (transducers did not always have
to be sterilized or placed in a sterile wrapper), and it was
often possible to use shorter, less expensive needles.

Initially, material for cytologic analysis was aspirated
from solid tumors with thin (≤0.7mm), flexible Chiba-
type needles using the technique described by Franzen.18

A special syringe holder (Cameco, Sweden) was often
used that allowed aspirations to be performed with one

hand. Scandinavian authors in particular reported posi-
tive early experience with the cytologic analysis of well-
preserved aspirated cells.19–22 The basic equivalence
between aspiration cytology and histologic biopsy had
already been demonstrated in earlier studies, such as the
study on liver biopsies published by Sheila Sherlock in
1967.23 Later comparative studies confirmed these initial
results, even showing a slight superiority of aspiration
cytology with regard to the rate of nondiagnostic biop-
sies, for example.24

As the ultrasound-guided aspiration of solid tumors
became more widely practiced, there was also a growing
desire to obtain thin-needle core tissue samples for histo-
logic examination. This desire arose mainly from patholo-
gists, who generally preferred to work with histologic
material or at least found it easier to identify malignant
tumor types from histologic samples. Isler et al subse-
quently introduced a 22 gauge cutting needle in 1981.25

The following year a commercially available modification
of the Menghini needle called the Surecut needle26 came
into widespread use. The cutting edge at the needle tip
excises a tissue core that is retained in the needle lumen
by aspiration. Later the Trucut needle was also widely
used. This needle slices off the tissue specimen in a side

Fig. 1.4 Biopsy technique with a compound scanner.
a The intended target is displayed on a storage cathode-ray tube with a slow B-mode scan.
b The transducer is replaced with a (sterile) biopsy transducer (schematic illustration) (▶ Fig. 1.3).
c The intended target is again visualized in a sector-shaped scan (3 = needle tip).
d Direct observation of the biopsy needle in A-mode (← signal of the needle tip).
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notch, allowing the tissue core to be removed within a
sealed chamber. Cutting-needle biopsy was facilitated by
the subsequent development of biopsy guns. These
spring-loaded devices have an automated cutting action
and are set to a specified biopsy depth before firing.

It could be difficult to detect the needle tip in the tis-
sue, especially when a liner-array scanner was used. The
ultrasound pulse travels parallel to the needle shaft and is
not backscattered by the smooth needle surface, resulting
in the absence of a definite tip echo on the screen. This
prompted the development of special needles with trans-

verse grooves at the tip. These grooves cause considerable
(back)scattering of the sound, analogous to the reflector
on a bicycle, giving rise to conspicuous echoes. But these
needles were relatively expensive and more traumatizing
than needles with a smooth surface. Examiners with good
mechanical skills could score the needle tip themselves
with a small file, producing a similar effect. Needles with
a plastic sheath had better echogenicity but created a
higher (frictional) resistance during insertion. Hecke-
mann reported the results of comparative studies on the
detectability of different needles in 1982.27

Fig. 1.5 Needle guidance with fast B-mode ultrasound (Siemens
Vidoson). A small wooden stick placed between the transducer
and skin (a) casts an acoustic shadow (b), which provides
orientation in the second plane. The depth from skin to target is
measured in the image. (Source: With kind permission from
Springer Science+ Business Media B.V.77)

Fig. 1.6
a Vidoson (fast B-mode) with needle guide.
b Needle echo in a renal cyst (↑). (Source: Presented by Afs-
chrift at the World Congress of Ultrasound in San Francisco in
1975. With kind permission from Springer Science + Business
Media B.V.13)
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1.2.3 Clinical Application
The clinical application of ultrasound-guided per-
cutaneous biopsies preceded technical developments. In
other words, the rapid acceptance and implementation of
this simple diagnostic (initially!) technique stimulated
the development of special needles, guides, and biopsy
transducers, not the other way around. Meanwhile, the
expansion of ultrasound-guided biopsies to ever new and
smaller target sites was dependent on advances in image
quality, i.e., improvements in the resolution of ultrasound
scanners.

At first, the organs of greatest interest were the liver
and kidneys. Starting in 1972, initial studies based on
small case numbers already revealed benefits from the
ultrasound-guided fine needle biopsy of suspicious
hepatic lesions, with a rate of nondiagnostic biopsies up
to 10% and no false-positive results or serious complica-
tions.11,28 Kristensen et al29 reported on the fine needle
biopsy of solid renal tumors in 1972, and Goldberg30

described the diagnostic aspiration of renal cysts in 1973.

In 1974, Pedersen31 reported on the ultrasound-guided
percutaneous puncture of the (obstructed) renal pelvis
for cytologic and microbiologic analysis as well as ante-
grade pyelography and nephrostomy (▶ Fig. 1.11).

In 1975, Hancke32 and Smith33 reported on the fine
needle biopsy of suspicious solid pancreatic lesions using
a compound scanner with a biopsy transducer. In 1976,
Hancke34 additionally reported on the puncture of pan-
creatic pseudocysts, initially for diagnostic reasons. This
was followed in 1977 by reports from Makuuchi on the
puncture of the dilated pancreatic duct (▶ Fig. 1.12) and
antegrade cholangiography, followed in each case by
radiographic visualization of the duct system.16,35 Finally,
advances in ultrasound equipment and resolution led to
scores of reports and case studies up until 1985 dealing
with the ultrasound-guided needle biopsy of suspected
neoplasms in all abdominal regions.

In the field of cardiology, Goldberg36 performed the
first ultrasound-guided percutaneous aspirations of the
pericardial sac as early as 1972. He used the biopsy trans-
ducer of the compound scan system with A-mode imag-
ing of pericardial effusions and TM-mode imaging of car-
diac pulsations. The fine needle biopsy of peripheral lung
lesions under real-time ultrasound guidance was
described by Schwerk in 1982.37

Ultrasound-guided vascular access for angiographic
studies was first attempted with Doppler probes in
1973.38 Catheter placement in the subclavian vein or
internal jugular vein under ultrasound guidance was
described in 1975.39 B-mode image quality was con-
stantly improved and was recommended for vascular
localization in later studies.40

Ultrasound guidance in obstetrics and gynecology was
used primarily to improve the safety of amniocentesis,41

as was reported at the Vienna Congress. The per-
cutaneous biopsy of gynecologic tumors, on the other
hand, was not advocated because of a lack of indications
as well as concerns about the intraperitoneal seeding of

Fig. 1.7 Transducer with side-mounted needle holder and guide
manufactured by Aloka. Developed in Japan by Saitho in 1978.14

Fig. 1.8 Simple electronic linear array scanner with a central
aperture for a biopsy needle, “homemade” in the ultrasound
laboratory at Gentofte Hospital (H. H. Holm; first used in 1974).
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tumor cells. Needle biopsies were limited mainly to post-
operative settings42 such as the aspiration biopsy of sus-
picious retroperitoneal lymph nodes.43 The ultrasound-
guided biopsy of suspicious lesions in the breast was not
introduced until after 1990.44

The “epicenter” at this stage in the development of
interventional ultrasound was the ultrasound laboratory
of Gentofte Hospital (later Herlev Hospital) in Copenha-
gen, Denmark, directed by H. H. Holm. Starting in 1978,
this hospital began to host a series of international con-
ferences on interventional ultrasound. Holm and Kristen-
sen published their first book on ultrasound-guided

Fig. 1.11 Nephropyelostomy performed with a mechanical
sector scanner and lateral needle guide. The needle path is
marked electronically in the image. The needle tip (←) is clearly
visible inside the cyst.

Fig. 1.9
a Electronic linear array scanner with side-mounted needle guide,
“homemade” in the ultrasound laboratory at Gentofte Hospital.
b Original image obtained during amniocentesis, and corre-
sponding drawing. The arrows indicate the needle echoes.

Fig. 1.10 Linear array transducer. Prototype of the Toshiba
biopsy transducer made for the SAL 20, first available in 1978.
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needle procedures in 1980. This was followed in 1985 by
the book Interventional Ultrasound,8 which reviews the
development of interventional ultrasound during the 15
years after the Vienna Congress. This does not mean that
important studies and discoveries were not made at
many other centers and by many other clinicians. On the
contrary, this branch of diagnostic ultrasound had what

may be called a “multicentric” development. Interven-
tional ultrasound was practiced very widely in German-
speaking countries after about 1980, and some authors
were able to report their experience in very large case
numbers.45 Ultrasound-guided needle biopsies were very
often regarded as and performed as an integral compo-
nent in the ultrasound investigation of suspected tumors,
comparable to forceps biopsies in endoscopic examina-
tions. It should be noted, however, that a biopsy turns a
noninvasive ultrasound examination into an invasive pro-
cedure with associated risks that, while small, must still
be taken into consideration.

1.2.4 Risks of Interventional
Ultrasound
The risks of percutaneous biopsies were known and had
been described in principle even before the age of inter-
ventional ultrasound.46 Today they are still an important
consideration in the development and practice of inter-
ventional sonography.

While initial studies showed no serious side effects
associated with the use of needles less than 1mm in
diameter, publications over the years documented
repeated instances of serious complications and even
deaths, mostly in individual case reports.47,48 Significant
hemorrhages and bile leaks were described in association
with liver biopsies, necrotizing pancreatitis after pancre-
atic biopsies, and the inadvertent transfer of infectious
material leading to sepsis. Subsequent doctor surveys and
reviews of the literature indicated a mortality rate
between 0.001% and 0.096% with complication rates up
to 0.9%.47–52

The risk of seeding tumor cells into the needle tract is a
potentially serious problem. Reports of inoculation
metastases from various tumors were published even
before the era of ultrasound-guided biopsies.47,48,50 As a
precaution against needle-track seeding, Holm recom-
mended introducing the actual biopsy needle through an
outer needle that had been advanced to the biopsy site or
target organ. A guide needle was also used for multiple
sampling.8 Holm believed that the Trucut needle was
advantageous in this regard because it “sealed off” the tis-
sue core prior to needle extraction. While some isolated
case reports were published and analyzed in detail,47 sta-
tistical data from very large case numbers indicated a risk
of inoculation metastasis of less than 0.017%. Despite
these low numbers, the debate on needle-tract seeding
continued to be (and remains) controversial and emo-
tionally charged. Grundmann was the first author, in
1979, to take a stand on this issue in the journal Deutsches
Ärzteblatt,53 and one year later the scientific advisory
board of the Association of German Physicians issued a
formal statement affirming that needle biopsies do not
promote the spread of tumor cells.54

Fig. 1.12 Ultrasound-guided puncture of the dilated pancreatic
duct in the presence of a pancreatic head tumor.
a Appearance of the needle tip in a compound scan.
b Real-time image with an electronic linear-array transducer
(like that shown in ▶ Fig. 1.10). Note the discrepancy between
equipment quality at that time and the availability of highly dif-
ferentiated puncture techniques.
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1.3 Later Developments:
Ultrasound-Guided Therapeutic
Interventional Procedures
By the mid-1980s, or about the time H. H. Holm pub-
lished his book, ultrasound-guided needle biopsies had
become an accepted and widely used method for estab-
lishing a rapid, definitive diagnosis at low risk.8 New tar-
get sites were being added as the resolution of ultrasound
images improved. The debate regarding cytologic versus
histologic biopsy was continued in large clinical series,55

with neither method showing a definite superiority. Dis-
cussions on the risk of needle-track seeding also contin-
ued.

Ambitious technical innovations such as superimposing
a magnetic field over the B-mode image to allow “live”
tracking of needle position or mounting an ultrasound
transmitter on the needle tip were presented but were
not widely adopted.

An important innovation, however, was the develop-
ment of biopsy devices that could be used in conjunction
with endosonography, which was being practiced on a
growing scale. One of the first endosonographic tech-
niques was transrectal imaging of the prostate. Ultra-
sound guidance enabled the prostate to be biopsied per-
cutaneously by the transperitoneal route.56 But flexible
endoscopic ultrasound like that used in the digestive tract
required biopsy needles that were integrated into the
endoscope, and this technology was available by about
1990.

This later phase was marked by the development of
therapeutic interventions, with Italian authors playing a
leading role, especially in the treatment of solid tumors.
In truth, therapeutic measures were already a part of
interventional ultrasound from the beginning. For exam-
ple, ultrasound-guided amniocentesis provided a safe
means for performing intrauterine transfusions, first
described by Hansmann in 1972,57 using real-time imag-
ing guidance. This in turn laid the groundwork for further
advances in interventional intrauterine therapy.

From the outset, ultrasound-guided needles were used
not only to detect and evaluate fluid collections but also,
where necessary, to evacuate the fluid. Ultrasound guid-
ance facilitated the percutaneous therapeutic aspiration
of simple fluid collections such as ascites or pleural effu-
sions and was sometimes an essential tool, as in cases
complicated by adhesions. The “therapeutic” value of
ultrasound guidance was already recognized during the
early 1970s when applied to pericardiocentesis,36 neph-
ropyelotomy,31 and the drainage of postoperative fluid
collections such as lymphoceles.58 Percutaneous cholan-
giography could also be followed by ultrasound-guided
drainage if required.35

The diagnostic aspiration of intra-abdominal abscesses
proved to be a low-risk procedure, like fine needle

biopsies in general. It was a logical next step to evacuate
and irrigate the abscess through the needle as a one-time
procedure or to establish percutaneous catheter drainage,
generally using Seldinger technique.59–62 The biggest
challenge circa 1974 lay in convincing surgical colleagues
that these procedures were safe and effective.

In the early years of interventional ultrasound, the fine
needle aspiration of cysts was still done for diagnostic
reasons in selected cases to positively exclude a malig-
nancy or confirm an abscess. Again, frequent efforts were
also made to apply the procedure therapeutically. This
was successfully accomplished in selected patients with
pancreatic pseudocysts.34 Often the pseudocysts still
communicated with the duct system and tended to recur
after evacuation. This led Hancke to develop a procedure
for the internal gastric drainage of pancreatic pseudocysts
by combining an ultrasound-guided percutaneous gastro-
stomy with gastroscopy. He published this technique in
1985.63 At about the same time, a special percutaneous
technique for the treatment of echinococcal cysts began to
be developed in Tunisia and Italy.64,65 After preliminary test-
ing in sheep, the treatment, known by the acronym PAIR
(puncture–aspiration–injection of alcohol–reaspiration),
was finally incorporated into WHO guidelines for the treat-
ment of cystic echinococcosis in 1996.66

Attempts to treat cysts definitively by a single aspira-
tion were usually disappointing since a defining feature
of cysts is the presence of a secretory epithelial lining.
This suggested the idea of obliterating the epithelium
with concentrated alcohol or other sclerosing agents.
Reports on this treatment were first published in 1981
for renal cysts67 and in 1989 for hepatic cysts.68,69

Solbiati reported in 1985 on the successful obliteration
of enlarged parathyroid glands in secondary hyperpara-
thyroidism by percutaneous ethanol injection (PEI).70

This technique was later applied in the treatment of toxic
thyroid nodules.71,72

Livraghi began to treat hepatocellular carcinomas and
metastases by PEI in 198673 and by 1995 was able to report
long-term results in 746 patients.74 Buscarini and his group
first reported on the percutaneous radiofrequency ther-
moablation (RFA) of liver tumors in 199175 and published
long-term results in 2001.76 Since that time, these treat-
ment modalities have been adopted at many tumor centers
and are also being tried on malignancies in other organs.

1.4 Outlook
The development of ultrasound-guided therapeutic
interventions is not yet complete by any means. Positive
experiences with guided needle placements for adminis-
tering local anesthetics, as in carpal tunnel syndrome and
other orthopedic problems, are but one example of this
trend.

Fine needle aspirations and biopsies have become a
well-established tool in the diagnostic armamentarium of
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many specialties. The statement by H. H. Holm quoted
earlier in this chapter is still true today. Even at its current
level of quality, diagnostic ultrasound cannot replace a
microscopic tissue analysis because an ultrasound image
simply maps the acoustic properties of tissues. On the
other hand, given the remarkable development of the
modality itself, it may be possible in some cases to deter-
mine the malignant or benign nature of an organ lesion
within the clinical context by close scrutiny of the B-
mode image, a color Doppler assessment of vascular
architecture, dynamic flow analysis with contrast-
enhanced ultrasound, and tissue strain analysis by elas-
tography. This approach may eliminate the need for an
invasive puncture, despite its minimal risks, in growing
numbers of patients. Today it is unclear whether and to
what extent the guided application of micro bubbles tar-
geted to specific markers can complement or even
replace ultrasound-guided punctures.
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2 Interventional Materials and Equipment

2.1 General Considerations on
Interventional Procedures
U. Gottschalk, C. F. Dietrich

2.1.1 Brief Historical Introduction
Ultrasound-guided interventional procedures may be
performed for diagnostic as well as therapeutic reasons.
The goal of diagnostic procedures is to collect tissue or
fluid samples for analysis, using percutaneous needles of
various sizes and designs. One drawback of using large-
caliber needle systems was already noted in an article
published over 60 years ago1: “When we consider that
percutaneous drainage rates need to be limited, it is
pointless to use very large needles or trocars since the
outflow must often be interrupted by clamping the tube
so that fluid is not evacuated too rapidly.” In the age
before adequate imaging techniques were available, nec-
essary drain size could usually be determined only by
percutaneous aspiration, prompting an early policy state-
ment that percutaneous drainage should never be

attempted without prior needle aspiration.2 An
empyema, for example, required the placement of a drain
approximately 15 to 20mm in diameter. Milestones in
the development of biopsy techniques are summarized in
▶Table 2.1.

2.1.2 Biopsy Principles and
Techniques
Freehand Biopsy, Needle Guide
Attachments, and Biopsy Transducers
The most widely practiced ultrasound-guided biopsy
techniques are a “blind” biopsy performed at a marked
skin site after ultrasound localization, the freehand tech-
nique with one hand holding the transducer and the
other guiding the needle, and the use of a needle guide or
special biopsy transducer (▶ Table 2.2).

In the freehand technique, the needle is guided freely by
the operator’s hand. The challenge is to keep the needle at
a proper angle to the imaging plane so that it is visible at
all times. The main advantage of this technique is its flexi-
bility. This makes it easier, for example, to interpose a

Table 2.1 Milestones in the development of biopsy techniques

Year Procedure Localization First describer Source

1851 Percutaneous tumor
biopsy

Palpation, percussion Lebert 3

1853 Breast tumor biopsy Palpation, percussion Paget 4

1883 Lung biopsy, identify
infecting organism in
pneumonia

Palpation, percussion Leyerden 5

1883 Liver biopsy Palpation, percussion Ehrlich 6,7

1925 Special technique for
fine needle biopsy

Palpation, percussion Martin, Ellis 8

1930/1931 Bone marrow aspiration
and biopsy

Palpation, percussion Martin, Coley 9

1935 Vertebral body needle
biopsy

Palpation, percussion Robertson, Ball 10

1939 Lung tumor biopsy Radiography Blady 11

1951 Percutaneous pancreatic
biopsy

Radiography Kistland 12

1952 Thyroid biopsy Palpation Söderström 13

1952 Percutaneous renal
biopsy

Radiography Lindblom 14

1958 One-second liver biopsy Percussion Menghini 15

1967/1977 Lymph node biopsy,
transperitoneal

Radiographic guidance Nordenström, Zornoza 16

1972 Percutaneous liver
biopsy

Ultrasound Rasmusen 14

1975 Percutaneous pancreatic
biopsy

Ultrasound Hancke 16
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