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Dedication




In Honor of Professor Waldemar Christian Hecker

Professor Waldemar Christian Hecker celebrated his 65th birthday on 15 February
1987. He received cordial congratulations from friends and colleagues from all
over the world. On this occasion, a symposium on “Operative Technique in Neo-
nates and Infants” was organized by his students and associates.

Together with P. P. Rickham of Zurich and J. Prevot of Nancy, W. C. Hecker
initiated the series Progress in Pediatric Surgery in 1970, which was published first
by Urban and Schwarzenberg and, since 1985, by Springer. So far, 25 volumes on
different aspects and problems in paediatric surgery have been published under a
distinguished editorial board. Volume 25 of Progress in Pediatric Surgery is in
honor of Professor Hecker on his 65th birthday. Some excellent papers presented
at the birthday symposium were chosen for publication in this volume; which also
contains other, invited contributions.

Some landmarks in Professor Hecker’s life may be briefly mentioned. Walde-
mar Christian Hecker was born on 15 February 1922 in Potsdam near Berlin.
Early in his life he was introduced to surgery by his father, himself a surgeon-in-
chief. Following World War II he studied medicine in Hamburg and passed his
medical exams in 1950. He obtained his doctor’s degree by studies on treatment of
skull base fractures in 1951. Konjetzny and Linder were his main surgical teachers,
leading him to paediatric surgery, in Germany then still a very young subspeciality
of general surgery. In 1962 he wrote his PhD thesis on Problems and Clinical As-
pects of Congenital Atresias of the Digestive Tract. Under the guidance of Linder,
who took him from Berlin to Heidelberg, Hecker established a paediatric surgical
division at the University Surgical Hospital of Heidelberg in 1963. He became
Professor of Paediatric Surgery in 1967 and succeeded Professor Anton Ober-
niedermayr as Ordinarius of Paediatric Surgery at the University of Munich in
1969, the first regular chair of paediatric surgery in Germany.

Owing to his scientific activities and his medical practice, Professor Hecker
soon acquired an international reputation. He played a major role in establishing
paediatric surgery as an independent discipline in Germany. He was and is a
member of many committees of the General Medical Council, has been President
of the German Society of Paediatric Surgery, President of the Bavarian Associa-
tion of General Surgeons, and was honoured with the Cross of Merit of the Federal
Republic of Germany. More than 300 publications, many contributions to paedi-
atric surgical and paediatric handbooks, and two books (Elementary Pediatric Sur-
gery and Surgical Correction of the Intersexual and the Malformed External Female
Genitalia) document Professor Hecker’s active interests in numerous topics of
paediatric surgery.



The Editorial Board of Progress in Pediatric Surgery expresses its thanks to
Professor Hecker by dedicating this volume to him on his 65th birthday, wishing
him many happy and active years crowned with the success we have come to asso-
ciate with his name.

Taomas A. ANGERPOINTNER

Portrait-photograph: Doris Feder, Dr. von Haunersches Kinderspital of the University of Munich



Lasers in Pediatric Surgery

H.P.Berlien"?, G. Miiller?, and J. Waldschmidt?

Summary

During the last few years the laser has become a very interesting instrument in pediatric surgery.
This is the result of the wide variation in tissue interactions and the possibility of specific applica-
tions. The CO; laser is a highly precise cutting instrument whereas the argon laser has its great
advantage in the treatment of superficial vascular anomalies. The most important laser in pediatric
surgery is the Nd: YAG laser, on the one hand because its radiation can be transmitted by fibres,
on the other because with the relationship between interaction time and power density, and the
choice of application, it is possible to change the tissue interaction from precise cutting to specific
coagulation and homogeneous coagulation. As a result, indications for lasers in pediatric surgery
range from the treatment of superficial haemangiomas to typical endoscopic procedures and the
resection of parenchymatous organs and tumours.

Zusammenfassung

Der Laser ist in den letzten Jahren zu einem interessanten Instrument in der Kinderchirurgie ge-
worden, und zwar aufgrund der groSen Variationsbreite der Wechselwirkungen mit einzelnen
Gewebearten und der Moglichkeit spezifischer Anwendungen. Der CO,-Laser ist ein Prizisions-
schneideinstrument, wihrend der Argon-Laser besonders bei der Behandlung oberfldchlicher
vaskuldrer Anomalien Vorteile bietet. Der wichtigste Laser in der Kinderchirurgie ist der Neo-
dym-Yag-Laser, da einerseits die Lichtstrahlung durch Glasfasern tibertragbar ist und da ande-
rerseits aufgrund variabler Einwirkzeit, Leistungsdichte und Applikationsart verschiedene An-
wendungsmoglichkeiten bestehen: vom prézisen Schneiden bis zur Punkt- und Fldchenkoagula-
tion. Daraus 46t sich fiir den Laser in der Kinderchirurgie eine Indikationsliste erstellen, die von
der Behandlung oberflichlicher und tiefer kavernéser Himangiome iiber alle gidngigen endosko-
pischen Verfahren bis zur Resektion parenchymatdser Organe und Tumoren reicht.

Résumé

Le laser est devenu, au cours de ces dernieres années, un instrument de choix en chirurgie infan-
tile. Cela est ddi a la gamme tres étendue des interactions obtenues avec certains tissus et au fait
que I'application peut étre parfaitement spécifique. Le laser au CO, est un instrument tranchant
d’une extréme précision alors que le laser Argon est plus efficace pour le traitement des anoma-
lies vasculaires superficielles. Le laser le plus important en chirurgie infantile est le laser Neo-
dym-Yag car, d’une part le faisceau émis peut étre transmis par des fibres de verre et d’autre part,
vu que I’on peut varier a volonté le temps d’action, la puissance volumique et le mode d’applica-

'Department of Laser Medicine, ?Laser-Medizin-Zentrum GmbH, Berlin and >Pediatric Surgi-
cal Department, Klinikum Steglitz, Freie Universitat Berlin, Hindenburgdamm 30, D-1000 Ber-
lin 45, Federal Republic of Germany

Progress in Pediatric Surgery, Vol. 25
Angerpointner (Ed.)
© Springer-Verlag Berlin Heidelberg 1990




6 H.P.Berlien et al.

tion, il peut &tre utilisé pour obtenir des incisions nettes ou encore des coagulations ponctuelles
ou en surface. Le laser est donc la technique de choix dans un grand nombre de cas, qu’il s’agisse
du traitement d’hémangiomes superficiels du caverneux ou de toutes les techniques d’endosco-
pies courantes ou encore de résection d’organes parenchymateux ou de tumeurs.

Physical Basis of Laser Medicine

Laser is an acronym for light amplification by stimulated emission of radiation.
This phenomenon was first postulated by Einstein in 1917 [9], whereby the atoms
or molecules of a suitable material are excited to a higher energy level by energy
pumping (Fig. 1). The most important active media are:

Gases (e.g. noble gases or their ions, molecular gases or vapours)

Fluids (e.g. organic dyes in solution)

Solids (e.g. crystals and glasses doped with metal atoms and/or rare earths)
Semiconductor elements (laser diodes)

100% avalanche effect 90%

laser

coherent
collimated

monochro-
matic

excitation energy

Fig. 1. Energy pumping. If an atom or molecule is excited (left-hand side of the diagram) and an
additional photon with appropriate frequency impinges on an excited system, this is forced into
resonance and a second, identical photon is released when the system reverts to the lower energy
state (central part of the diagram). Between a highly reflecting and semitransparent mirror the
photons are reflected back and forth and stimulate other excited systems to release resonance
photos, thus generating an avalanche effect (right-hand side of the diagram)
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property laser property
/ intensity selective absorption
beam collimation

high power focus- deliveryi monochromaticity /photon statistics

density sing _ coherence — U

interactions: interactions:

coagulation . Photochemistry

evaporation> absorption - biostimulation
(photoacoustics) P - photodynamic therapy

ablation jonization

disruption

Fig. 2. Interdependence of the physical properties of the laser and the tissue interactions used in
medicine

The energy supply, the so-called pumping, results from:

Electrical gas discharge

Chemical reaction

Electromagnetic radiation within the radio frequency and optical range
Electric current

The laser differs from the thermal light sources, as represented by an incandescent
lamp, in three characteristic properties which are important for medical treat-
ment:

1. Coherence. Individual rays within a light beam have a certain spatial and tem-
poral relationship (constant phase).

2. Collimation. Laser radiation forms a beam with almost no divergence, i.e. the
rays are parallel to one another.

3. Monochromaticity. Only a narrow spectral band of high intensity is emitted,
i.e. it is extremely monochromatic.

These three characteristics make it possible to focus a laser beam into a very small
cross-sectional area and thereby to reach very high energy densities (Fig. 2), thus
offering treatment with high precision and without mechanical force.

Just a few months after the discovery of the first laser by Maiman, physicians
in the United States began to get interested in using this new source of light. This
is not surprising as therapy with light was already well established. Today we dif-
ferentiate between three principal classes of interaction.

Laser-Tissue Interaction

The effectiveness of radiation with different kinds of tissue is mainly determined
by two parameters [7]. These are, first, the interaction time of the radiation with
the tissue, and, second, the effective energy density, whereby the specific absorp-
tion of the tissue must be taken into consideration (Fig. 3). At lower energy densi-
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Specific energy
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Fig. 3. Photochemical reactions occur with a long exposure time and low energy and nonlinear
interactions with short pulses and a high specific energy. Between them is the large area of ther-
mal interactions

ties, with a long reaction time, photochemical processes occur by absorption of
light, which does not primarily lead to heating of the tissue. An example is the
light-induced photochemical reaction of artificial chromophores. According to
our present knowledge, biostimulation should also be considered a photochemical
effect.

With decreasing interaction time and higher energy densities in the transition re-
gion to photocoagulation, we enter the domain of photothermally induced effects.
At temperatures between 40° and 50°C cell membranes are relaxed, the cells
swell, and protein fibrils migrate out of the cells. When the tissues cool down,
they adhere to each other, thus fusing neighbouring cells. This effect can be util-
ized for tissue welding.

Thermic dynamic reactions also belong to this transition area. In this case the
thermal events described lead to an inflammatory reaction which is followed by a
reorganization of the irradiated tissue. The resulting repair leads to the desired
effect within a few weeks. This effect is currently used in the therapy of port-wine
stains, spider naevi, superficial angiomatoses and also for keloid treatment. Even
the “photocoagulation” used in ophthalmology belongs to this type of interaction.
In the case of a retina detachment, the retina should be fixed to the base, leaving
the nutritive vessels unaffected.

At temperatures between 60° and 100°C denaturation and coagulation occur.
Although the near-infrared radiation of the Nd: YAG laser is relatively strongly
absorbed by haemoglobin and melanin, it penetrates rather homogeneously into
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the tissue. As a result the depth of penetration is approximately 5 mm. This leads
to a homogeneous volume coagulation, which is used for haemostasis and tumour
denaturation. The Nd: YAG laser also achieves higher energy densities, so that
tissues heat to over 100°C with vaporization of water and resulting dessication.
When this point is reached, the tissue itself is vaporized very quickly. This allows
larger areas of tumour tissue to be removed and tissue to be cut (Table 1).

For lasers with less penetration depth, for example the CO, laser, all the ir-
radiation is absorbed on the surface so we very soon reach a temperature of more
than 200°C. This immediately produces vaporization of the tissue, with a cutting
effect. Owing to the minimal penetration depth and short exposure times, thermal
conductivity is not very important and the coagulation border is small. Thus pre-
cise cuts for microsurgical procedures can be made (Fig. 4).

Table 1. Damage caused by thermal laser irradiation

Temperature (C) Tissue interaction
< 40° No irreversible tissue damage
40°-45° Enzyme induction, oedema, membrane swelling and, depending on time,
cell death
60° Protein denaturation, coagulation and necrosis
80° Collagen denaturation, membrane defect
100° Drying
>150° Carbonization
>300° Vaporization

WAVELENGTH (nm)

Uv-C |UV-B A | VIS IR-A | IR-B | IR-C

i’

400 760 1400 3000 10600

100 280

Erythema Burns |

T -

uv -
315
N7
10% é20% 32% 77% 65% 65%

%
=«
=]

\*1
NN
\
&

5% 21% 17‘7

flid HHIUM

Fig. 4. Light intensity as a function of depth and wavelength in human skin (the intensity at the
surface is assumed to be 100%)
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As the light intensity increases, the electromagnetic nature of light, with its
coupled oscillating electrical and magnetical fields, becomes more important. At
very high light intensities the electrical fields that are produced can be large
enough to ionize the atoms and molecules of the air, i.e. to remove the electrons
from the positive core [8]. In physics one speaks of the formation of plasma, as
occurs within sparks. This is called optical breakdown, but before optical break-
down occurs, the field strength passes through a domain which does not involve
complete ionization, but where the photon density and the associated field
strength are already very high. Here the structures of molecules or crystal lattices
are disrupted. This is called photoablation or photodesorption, as it is possible in
this intensity region to etch surfaces by light without thermal side effects.

In the transition area between the thermal effects of absorption and the effects
of ionization, we have the so-called photoacoustic interaction. The absorption of
short light pulses leads to a heating of the target tissue, which results in thermal
expansion. In the case of repetitive pulses an oscillating density change is induced
and, depending on the pulse frequency, an acoustic thermal wave is generated
which applies mechanical stress and strain to the target tissue and may lead to Tup-
ture as the desired effect.

Laser Systems in Medicine

The most important medical lasers with their fields of application are shown in
Table 2. Besides the argon laser, which is used because of its high selectivity for
natural chromophores (e.g. haemoglobin), the argon ion pumped dye laser is also
gaining in importance [5]. It enables one to cover a larger spectral range, from
blue-green to the red end of the spectrum. This is not only interesting for a whole
range of natural chromophores (with improved selectivity), but also for synthetic
chromophores which may be coupled to other substances, if necessary.

The CO; laser is used mainly for cutting and vaporization. It emits in the mid-
infrared (9.6-10.6 um). The light energy is mainly absorbed by water. Compared
with the absorption of lasers in the visible, we are concerned here with a 10-100
times more effective coupling; therefore the penetration depth is very small, and
even at lower energy densities biological materials is vaporized. This is why the
CO, laser is used wherever microsurgical techniques or tissue ablation are re-
quired. Its only disadvantage, at present, is that it cannot be transmitted by opti-
cal fibres [6].

The Nd: YAG laser emits typically in the near-infrared at 1.06 pm. Owing to
the high penetration depth of this irradiation, it is a typical volume coagulator and
is used in those cases where there are highly vascularized structures, €.g. malfor-
mations and tumours. Its transmissivity via optical fibres means that it can be
applied universally. The Nd: YAG laser can be used for coagulation of haemor-
rhages, malformations or tumours with either flexible or rigid endoscopes. At
higher energy it may also be used for recanalization of tumour stenoses or even
vascular obstructions. With a handpiece and corresponding high energy density,
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CO,
Nd: YAG (contact)

.

Advantages of laser surgery

H.P.Berlien et al.

noncontact
Nd:YAG

high precision
definite cutting depth
small focal necrosis

exact doses
no mechanical handling
reduction of infections
endoscopic applications

homogeneous coagulation
minimizing of bleeding
obliteration of lymphatic
vessels
minimizing of scar

Fig. 5. Typical properties and advantages of the two most important surgical lasers

the resection of parenchymatous organs with simultaneous haemostasis is pos-
sible.

Pulsed Nd: YAG laser systems are used in ophthalmology for the treatment of
the posterior capsular membrane as well as in the surgery of glaucoma.

The advantages of the laser in medicine can be summarized as follows (Fig. 5):

Haemostasis

High precision

Reduced instrumentation at the treatment site

Non-contact tissue removal: asepsis (no contamination)

Minimal trauma to the surrounding tissue (no mechanical forces applied)

Nk L

Fields of Application

Independent of the type of laser-tissue interaction and of medical specialty, it is
possible to define different fields of application of laser treatment (Table 3).

Table 3. The principal fields of application for lasers in medicine

Surface Skin, visible mucosa, cornea

Vascular diseases Venous arterial

Endoscopy Natural ostia, cavities
Open surgery Cavities and organs, soft tissue, orthopaedics
Surface

As is to be expected, most of the indications of this kind are found in the field of
dermatology. However it is also used in surgery, in particular in plastic surgery,
urology, gynaecology and ophthalmology (e.g. corneal surgery). The argon and
the argon pumped dye lasers are suited for the treatment of pigmentation anoma-
lies. Even the Nd: YAG laser is used here with success. For large lesions, the CO,
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laser can be used for vaporization, but it is also possible to achieve limited depth
coagulation with the argon and Nd: YAG lasers [1].

Haemangiomas are the most frequent malformations in childhood, and their
treatment is controversial. Most haemangiomas heal spontaneously before the
age of 8, and it is advisable to wait till then. If the haemangioma is located at an
exposed position, e.g. on the face or on functionally important structures, further
growth can result in significant functional disorders or disfigurement. This re-
quires early treatment in infancy and childhood (Table 4).

Until now all treatment methods have been radical and have caused further
injury. One prominent example is X-ray therapy. After a period of 20-30 years

Table 4. Indications for laser therapy in angiomas®

Rapid growth with spread to mucous membranes and conjunctiva

Functional disorders with occlusion of lumina and destruction or organs (pharynx, larynx,
trachea, and bronchi)

Exulceration, superinfection and bleeding

Gastrointestinal bleeding

Arteriovenous shunts with cardiac disease or steal phenomenon
Preoperative volume reduction

Angiomas of parenchymatous organs

Cosmetic correction

* Owing to the spontaneous healing of angiomas the indications for laser therapy are very strong.
Only these indications need early laser therapy

Table 5. Types of angiomas and preferred lasers for therapy

Angiomatosis Art Ar* dye Nd:YAG Nd:YAG CO,
non-contact contact
Spider naevi ++ +
Port-wine stain ++ (+)
Cutaneous haemangioma
Strawberry ++ ++
Cavernous ++ ++
Combined + ++ ++
Angioma (cavernoma)
Resection ++ ++
Volume reduction ++ ++
Vascular hamartia ++ +
Haemangioendothelioma ++ +
Venectasia ++
Telangiectasia ++ +

Varices +
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treatment can result in the development of malignancy. The initial hopes in using
lasers have not always been fulfilled, especially regarding cosmetic results in chil-
dren. Treatment has been carried out almost entirely with the argon laser. This
radiation is strongly absorbed by haemoglobin, permitting selective treatment of
vessel anomalies (Table 5).

Since 1983 we have used the argon laser. Early instruments offered relatively
low power (2-3 W output) with long pulse duration (0.1s). Thermal skin damage
was not always avoidable. Further development of instrumental technique allowed
increased selectivity for haemoglobin with an output of 5-6 W, exposure times of
0.02's and minimization of heat conduction by the short exposure time. With this
technique one can successfully treat plain and strawberry haemangiomas, spider
naevi and port-wine stains. Because of the good experience with high selectivity
and a minimum of wound pain caused by the short exposure time, we start treat-
ment in childhood. This is very important as children with these conditions are
often treated badly by other children during play. General anaesthesia is very sel-
dom necessary. Normally sedation and local anaesthesia are sufficient. In order to
avoid scars it is important not to induce coagulation of the irradiation area during
treatment, but to induce the so-called thermic dynamic reaction which occurs
spontaneously within 3—4 weeks. Therefore the second session should not occur
within the next 4—6 weeks. Normally we wait 8—12 weeks (Table 6).

Because of the high selectivity of absorption by haemoglobin, the argon laser
is not useful for the treatment of larger vessel anomalies. For treatment of these
larger and more deeply situated anomalies the Nd: YAG laser is preferred, owing
to its relatively high penetration depth (Table 7). Conventional applications still
caused skin burns, and these treatments have therefore been abandoned. Proce-
dures for skin cooling with chlorethyl or saline solution did not give sufficient pro-
tection.

Table 6. Treatment of superficial lesions with the argon laser (0.48, 0.51 um)

Power 5W

Spot size 0.5 mm

Pulse duration 0.02s

Repetition rate 6/s

Remarks Prevent surface coagulation, late thermodynamic sequelae,

period of treatment 8 weeks

Table 7. Treatment of intradermal parts of combined vessel anomalies with the Nd: YAG laser
(10.6 um)

Power 20W

Spot size 1.5mm

Pulse duration 0.05s

Repetition rate 6/s

Remarks Prevent visual surface coagulation, thermodynamic late sequelae,

period of treatment § weeks
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Fig. 6. Combined tuberous and cavernous haemangioma of the nose (preoperative)

Fig.7. After two treatments with transcutaneous Nd: YAG laser irradiation and ice cube cooling:
regression and blanching of the angioma

Because the transmission of the near-infrared radiation of the Nd: YAG laser
in water is quite high, efficient surface cooling can be obtained by using ice cubes.
Conventionally produced ice cubes have substantial air occlusions, which can lead
to dispersion of the irradiation. These ice cubes should not be used. Ice cubes
made by ice machines near 0°C and under high pressure have scarcely any air
occlusions and are almost crystal clear. Because of residual absorption and dis-
persion, an output of about 50 W is necessary. Furthermore, the ice cube has to
make good contact with the skin. Otherwise skin burns will occur. Another im-
portant effect is the compression of the haemangioma caused by the ice cube, so
that the blood is partially pressed out, improving irradiation of the vessel walls,
and irradiation can penetrate deeper into the tissue [4]. With this procedure large
haemangiomas can be treated and made to regress (Figs. 6 and 7). For partial re-
missions it is possible to resect previously inoperable angiomas (Table 8).

Another application is percutaneous intraluminal irradiation of larger caver-
nomas by the bare fibre (Table 9). After puncture of the angioma with a special
cannula the fibre is introduced into the vascular lumen [2]. With an output of
10-20 W and slow withdrawal of the fibre, the vessel is irradiated at a rate of
0.2-1mm/s. Continuous rinsing of the fibre tip with NaCl solution prevents
destruction of the fibre by adherent blood and thrombus formation, so that radia-
tion can reach the vessel wall with subsequent vasculitis and obliteration. Even
with this procedure a volume reduction can be achieved, so that previously in-
operable angiomas can be resected. The Nd: YAG laser has proved effective for
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Table 8. Treatment of subcutaneous parts of combined vessel anomalies with the Nd: YAG laser
(1.06 pm)*

Power S50 W

Spot size 1.5mm

Pulse duration cw

Remarks Cooling of the surface is necessary, water or chlorethyl is not enough.

Cooling procedure: ice cubes without air pockets, good skin contact
with the ice cube, otherwise burns are possible

# Treatment induces vasculitis with subsequent vessel occlusion of the deeper parts

Table 9. Treatment of ectatic veins: percutaneous intraluminal irradiation with the bare fibre,
Nd:YAG laser (1.06 um)?

Power 10-20 W

Pulse duration 1-5s

Speed of withdrawal 0.2-1 mm/s

Remarks Fibre tip always in saline solution

# After puncture of the ectatic veins it is possible to irradiate intraluminally with subsequent
shrinkage and occlusion

the resection of angiomas. A focusing handpiece with a focus of 0.5mm and an
output of about 50 W facilitates separation of cavernous haemangiomas and
lymphangiomas from the surrounding soft tissue. In order to avoid thermal dam-
age with subsequent uncontrollable coagulation, pulse duration must not exceed
0.3-0.5s. If necessary it may be helpful to spread the tissue apart with an instru-
ment so that larger vessels can be coagulated with the defocused beam and cut
after ligature. Furthermore, the method combines radical resection with protec-
tion of functionally important structures. Thus, the residues of angiomas can be
coagulated homogeneously with the defocused beam and the formation of secon-
daries is greatly reduced. Nevertheless, all angiomas on the face and at function-
ally important sites should be treated promptly; despite the tendency to spontane-
ous remission their growth can lead to enormous problems in children.

Endoscopy

Diseases of children are very different from those of adults (Table 10). In adults
we mostly encounter tumours; in children there are also congenital malformations
and traumatic disease [3]. This wide spectrum of diseases encourages the use of a
variety of different laser systems, especially the Nd: YAG laser because its radia-
tion can be easily transmitted by fibres (Table 11).

This laser is an ideal instrument for bloodless operations and for tumour de-
struction. For fine microsurgical work it was formerly regarded as unsuitable. This
was the domain of the CO, laser even though it was impossible to transmit its radi-
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Table 10. Areas of paediatric endoscopy in  Table 11. Paediatric endoscopic laser surgery
which lasers facilitate endoscopic surgical pro-  procedures with high success rates
cedures

Atresia
Laryngotracheobronchoscopy Stenosis
Oesophagogastroduodenoscopy Diverticulum
Procto-recto-coloscopy Fistula
Urethro-cystoscopy Mucosal ectopia
Laparoscopy Mucosal hyperplasia
Thoracoscopy Polyps

Vessel anomalies

Ligaments

Adhesions

Cysts

Table 12. Shrinkage of fistulae and diverticula by contact Nd: YAG laser (1.06 pm), bare fibre,
sapphire contact tips®

Power 10W

Pulse duration 1-2 s per area

Speed of withdrawal 0.5-1 mm/s

Remarks Retrograde procedure only, if necessary use fibrin glue

# In paediatric surgery we cannot use sapphire contact tips. In these cases we use the bare fibre
and saline solution for shrinkage of fistulae and diverticula

ation by fibres and there was no practical flushing system. An essential advance
was the development of sapphire contact tips. Owing to the high energy densities
at the needle point and the special beam geometry, very exact work (formation of
a coagulation zone about 1.5-2 mm) is possible. This instrumentation can be used
for surgery of the outer genitals if an accurate laser application is needed, e.g. for
recanalization of hymenal and vaginal atresia or surgery of cloacal malformations.
Another application of sapphire contact tips is removal of the remains of recto-
urethral or rectovestibular fistulas. With cylindrical or hemispherical sapphire tips
the fistula mucosa can be denaturated by laser radiation with an output about
10 W cw, slowly pulling the fibre through the fistula with subsequent shrinkage of
the perifistular tissue. In this way risky repeat operations can be avoided (Table 12).

Sometimes sapphire tips cannot be used for endoscopy in children, because
they are too large for the infant endoscope. However, with short exposure times
of 0.2-0.5s one can work with the bare fibre without destroying it. This is very
helpful for the treatment of diverticula (with subsequent shrinkage) and also for
the elimination of urethral valves.

For congenital or scarry stenoses incision and recanalization with even shorter
exposure times of 0.1-0.2s and an output of about 30 W in the contact method
with the bare fibre avoid transmural necrosis of tissue and destruction of the organ
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wall (Tables 13 and 14). It appears that complete removal of the tissue is not
always necessary, but that resection of the developing coagulation necrosis finally
produces a sufficiently large lumen (Figs. 8 and 9).

Table 13. Treatment of congenital and benign malformations by contact Nd: YAG laser (1.06
um), bare fibre, sapphire contact tip

Coagulation

Power 10W

Pulse duration 0.2-0.5s

Incision

Power 15-35W

Pulse duration 0.2-0.3s

Remarks Take care to avoid overheating and coagulation necrosis

Table 14. Treatment of congenital and benign malformations by non-contact Nd: YAG laser
(1.06 um), bare fibre

Coagulation®

Power 15-25W

Spot size 1.5mm

Pulse duration 0.2-0.5s

Incision

Power 40W

Spot size 1.5mm

Pulse duration 0.1s

Remarks Take care to avoid overheating and coagulation necrosis

2 Sometimes it is not necessary to remove all the tissue owing its spontaneous absorption
y

Fig. 8. Long-distance trachea stenosis after rib implantation. There is a rest stenosis and gran-
uloma

Fig.9. After laser coagulation of the granuloma complete healing and epithelialization of the
trachea. Complete removal of the granuloma is not necessary. In these cases coagulation with
spontaneous resorption is sufficient
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Resection

In resection of parenchymatous organs and very bloody tumours, e.g. sarcomas
and embryonal tumours, there is always the risk of a large loss of blood (Table
15). In adults this may be tolerable, but for children and especially babies it repre-
sents a vital risk. The loss of 50—100 ml of blood by an infant can lead to a state of
shock. Therefore, the search for a bloodless anaemic resection method is very im-
portant for paediatric surgery. Nevertheless, there remains the problem of radical
resection, especially for sarcomas and embryonal tumours. As these tumours
often invade the surrounding soft tissue, radical resection can only be achieved
with enormous loss of function. For resection of parenchymatous organs and
bloody, invasive tumours the Nd: YAG laser has proved very useful [3].

In the past the ultrasound aspirator (CUSA) has been successfully used for
liver surgery in adults. With this method one can cut the parenchyma; and all the
vessels are saved and can be ligated. Owing to intraoperative bleeding the opera-
tion is often carried out by clamping the liver vessels. The subsequent repair of the
resection area requires fibrin glue, with the risk of a bleeding beneath the glue
layer. Another possibility is the infrared coagulator, but owing to the wavelength
of the light the penetration depth in tissue is limited. The CUSA is not suitable for
resection of other parenchymatous organs such as lung, spleen, kidney and pan-
creas. The same applies to the resection of bloody tumours except in neurosur-
gery.

In the past the Nd: YAG laser was used enthusiastically for liver resection, but
success was not always assured. Some people believe there is no place for the
Nd: YAG laser in the resection of parenchymatous organs. In experimental re-
search on segmental liver transplantation the procedures for laser resection of
parenchymatous organs and bloody tumours should be further developed and
standardized.

In order to achieve deep penetration by a sufficiently high power density, with
consequent carbonization and vaporization of the tissue, it is necessary to use a
focusing handpiece to give a maximum focus of 0.5 mm diameter and minimum

Table 15. Laser resection of parenchymatous organs and tumours

Lung

Liver

Spleen

Pancreas

Kidney

Tumours
Soft tissue sarcomas
Intrathoracic neuroblastomas
Intra-abdominal neuroblastomas
Teratomas
Invasive tumours
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output at the end of the fibre of 100 W. At lower power density point carboniza-
tion and vaporization, necessary for clean cutting, are hard to achieve. The cut-
ting speed must not exceed 1 mm/s, otherwise carbonization will cease owing to
cooling of the tissue below 300°C. This procedure allows one to cut the paren-
chyma without too much loss of blood because veins 3-5mm in diameter and
arteries up to 1.5 mm will be closed primarily. Bigger vessels which have been cut
accidently may close up and later supply will be very difficult. It is helpful to com-
press the resection margin bidigitally and to spread it apart in order to identify
bigger vessels in time. The different structure of the vessels compared with the
parenchyma allows them to resist the laser beam longer. Therefore they are easy
to identify and can be ligated in advance (Table 16).

Especially in resection of the liver and spleen a seeping haemorrhage from the
parenchyma can easily be avoided by bidigital compression of the resection mar-
gin without clamping off the liver vessels and throttling them. Extravasating
blood, which would completely absorb the radiation and hinder the cutting of the
tissue, can be eliminated with saline solution under a powerful beam. In this case
an infusion pressure system is attached by a small luminous cannula (20 g;
Fig. 10), in order to obtain high pressure with a small perfusion volume. Rinsing
must occur only intermittently, because continuous rinsing would prevent the
carbonization required for tissue cutting. This procedure is especially helpful for
spleen and kidney resection (Fig. 11).

This experience has made it possible to carry out resections at the liver, spleen,
kidneys and lung successfully, even under difficult conditions. Especially for
resections of intrapulmonary metastases it has been found that a bloodless and
hermetically sealed resection field develops, so that the danger of hydrothorax and
pneumothorax can be reduced, even without additional sutures; it is only neces-
sary to supply the instilled bronchus. Even for extirpation of infiltrated malignant
tumours in the abdomen and thorax, sufficiently radical resection with protection
of important structures can be performed. The operation takes place at the border
of the healthy tissue with an output of 50-60 W, a focus of 0.5 mm and pulses of
0.2-0.3 s duration. If the tissue is slightly spread apart during irradiation, it is pos-
sible to operate on the tissue carefully and bloodlessly without uncontrolled tissue
necrosis. Larger vessels can either be defocused of coagulated or they can be cut
after ligature (Table 17). When a radical resection is not possible, one can homo-
geneously denature tumour rests at the bottom of the wound by a defocused beam

Table 16. Resection of tumours and parenchymatous organs by the Nd: YAG laser (1.06 um)

Power 100-120 W

Spot size (by focusing handpiece) 0.5 mm

Pulse duration cw

Speed 1 mm/s

Remarks Continous aspiration and intermittent rinsing with high

pressure saline solution during resection
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Fig. 10. During organ resection intermittent rinsing with saline solution is successful for removing
blood

Fig.11. Hemisplenectomy in Banti’s disease. Dry resection surface, fibrin glue and sutures are
unnecessary; only ligature of the central vessel is required

Table 17. Separation and resection of tumour tissue by the Nd: YAG laser (1.06 um)

Power 50 W
Spot size 0.5mm
Pulse duration 0.2-0.3s

Remarks Spreading of tissue, defocused coagulation of bigger vessels, or ligature
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with a beam diameter of about 2mm and an output of 40-50 W. With this proce-
dure radicality can be increased with improvement of functional resection tech-
niques.
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The Neodymium YAG Laser
in Surgery of Parenchymatous Organs in Childhood

P. P. Schmittenbecher

Summary

In seven patients laser resections of liver, spleen and kidney were carried out. Three liver
tumours, a hemisplenectomy in Hodgkin’s disease, a traumatic spleen injury, an Echinococcus
infection of the liver and a pole resection in double kidney were dealt with. Healing was un-
disturbed in all cases, no biliary or urinary fistulae were observed. Further indications are seen in
pancreatic and pulmonary resection.

The neodymium YAG laser is a useful instrument in parenchymatous surgery in childhood.
Resections are possible without loss of blood and without or with a reduced necessity of trans-
fusion. After traumatic lesions preservation of organs is possible.

Zusammenfassung

Bei 7 Patienten wurden Laserresektionen der Leber, der Milz und der Niere durchgefiihrt. Es
handelte sich um 3 Lebertumoren, eine Hemisplenektomie bei M. Hodgkin, eine traumatische
Milzverletzung, eine Echinokokkuserkrankung der Leber und eine Polresektion bei Doppel-
niere. Die Heilung war in allen Fillen ungestort, es bildeten sich keine Galle- oder Urinfisteln.
Weitere Indikationen stellen Pankreas- oder Lungenresektionen dar.

Der Neodym-YAG-Laser ist ein hilfreiches Instrument in der Parenchymchirurgie des Kin-
desalters. Resektionen konnen ohne groBen Blutverlust und somit ohne oder mit geringeren
Fremdblutiibertragungen durchgefiihrt werden. Nach traumatischen Organverletzungen ist ein
organerhaltendes Vorgehen moglich.

Résumé

Nous avons partiqué sur 7 patients des résections hépatiques, spléniques et rénales par la
méthode du laser. Il s’agissait dans 3 cas de tumeurs du foie, d’une hémisplénectomie au décours
d’un Hodgkins, d’un traumatisme de la rate, d’une échinococcose hépatique et d’une résection
d’un pdle sur un double rein. Les suites opératoires ont été simples dans tous les cas: pas de fis-
tule, tant au niveau vésiculaire qu’au niveau vésical. La méthode peut étre élargie a d’autres indi-
cations, par exemple pancréatiques ou pulmonaires.

Le laser Neodym — YAG constitute un instrument de référence dans la chirurgie du paren-
chyme.

1l permet d’obtenir des sections non hémorragiques et évite ainsi des transfusions sanguines.
11 a un effet conservateur lors du traitement chirurgical d’un organe blessé.

Pediatric Surgical Clinic, Dr. von Hauners Childrens Hospital, University of Munich, Lindwurm-
strasse 4, D-8000 Munich 2, Federal Republic of Germany

Progress in Pediatric Surgery, Vol. 25
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Introduction

In conventional partial resection of parenchymatous organs significant bleeding is
one of the main problems, especially in neonates and infants. The patients rapidly
lose considerable amounts of their small blood volume. Laser light leads to photo-
thermal effects in tissue and causes coagulation, drying up, carbonization and
evaporization, depending on the temperature.

The neodymium YAG laser emits nonvisible light in the near infrared with a
wavelength of 1.06 um. This wavelength implies a relatively deep penetration into
the tissue. This laser system, properly a coagulation laser, achieves its cutting
effect by its high power density [9]. Because of thermal radiation in all directions,
both sides of the section plane are coagulated as a positive side effect. Thus, in
parenchymatous organs a combination of resection and sealing of the cut vessels
and ducts, up to a limited diameter, is obtained.

Laser Instruments

We use a neodymium-YAG laser medilLas 2 (MBB-Medizintechnik, D-8012
Ottobrunn, Federal Republic of Germany), wavelength 1.06 um, maximal power
output around 110 W (Fig. 1). Normally we prefer to work without tissue contact,

Fig.1. The Nd-YAG laser system mediLas 2
with maximal power output around 100 W
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Fig. 2. The focusing handpiece with focal distance of 50 mm

Fig. 3. The sapphire tip, useful in difficult preparations

using the focusing handpiece to focus the laser beam 50 mm in front of the optical
system (Fig. 2). It is advantageous to work with tissue contact using a sapphire tip
with a small laser beam diameter in difficult preparations (Fig. 3).

Operation Mode

In organ resection full power is necessary. The laser beam should have 100 W
power output at the tip of the optical fibre for efficient cutting of tissue. Lower
output yields unsatisfactory results. If the sapphire tip is used 25W is the
maximum energy output, since higher energy destroys the sapphire. For exact ad-
justment of laser power in this lower range it is helpful to have a mode diaphragm
fixed in the laser which allows one to fine tune the energy between 0 and 30 W.

In both modes of operation, spreading of the initial tissue incision allows opti-
mal positioning of the laser beam and early recognition of larger vessels (diameter
= 5mm) for ligation. Intermittent irrigation prevents loss of energy due to absorp-
tion by blood.

Clinical Applications

Case 1. A 20-month-old girl presented with an abdominal mass. A CT scan and an
angiogram showed a large tumour of the right and middle lobe of the liver. Resec-
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Fig. 4. Patient 1. Large nodose
tumour in the right and middle lobe
of the liver

Fig. 5. The resected liver tumour with
dry resection plane

tion was performed with the neodymium-YAG laser after clamping and ligation
of large vessels (Figs. 4 and 5). We used the focusing handpiece and the full power
of the laser (100 W). Resection time was 50 min without further need of haemo-
stasis. Neither intraoperatively nor postoperatively was blood transfusion neces-
sary. Pathohistological examination revealed a hepatoblastoma without infiltra-
tion of surrounding structures.

Case 2. A 13-year-old boy with erythroleukaemia in full remission developed an
intrahepatic granuloma following Candida infection (Fig. 6). Surgical removal was
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Fig. 6. Patient 2. Hepatic granuloma in
the posterior part of the liver visualized
on a CT scan

Fig.7. The area of the granuloma after
excision without bleeding

necessary prior to autologous bone marrow transplantation. The dorsally located
granuloma was excised with the focusing handpiece and high power without fur-
ther preparation of the vessels (Fig. 7). No blood transfusion was necessary and
the postoperative course was without complications.

Case 3. A 12-year-old boy from Yugoslavia was transferred to our hospital for sus-
pected Echinococcus infection. Ultrasound examination showed seven intrahepa-
tic cysts all round the liver (Fig. 8). These cystic structures and their capsules were
marsupialized (Fig.9). We used the sapphire tip and energy output between 15
and 20 W, incised the tissue above the cysts and removed them by laser and blunt
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Fig. 8. Patient 3. Typical ultrasonic finding in Echinococcus cysts with septa

Fig. 9. The largest of seven Echino-
coccus cysts excised

dissection. Intraoperative ultrasonic control was very helpful. No blood trans-
fusion was necessary and no problems in wound healing were observed. Histolog-
ically Echinococcus cysticus was found.

Case 4. An 11-year-old boy with Hodgkin’s disease needed to undergo staging
laparotomy. Hemisplenectomy was carried out with the laser and focusing hand-
piece (Figs. 10 and 11).

Case 5. A 15-year-old boy had undergone radiotherapy and chemotherapy for
Ewing’s sarcoma. CT scan carried out for exclusion of pulmonary metastasis dis-
closed a previously unknown tumour of the left lobe of the liver. Intraoperatively,
this turned out to be a solid process (6 cm diameter) at the ventral edge of the left
lobe of the liver (Fig. 12) which was easily excised by laser. Histological exami-
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Fig.10. Patient 4. During hemi-
splenectomy. The incision groove is
spread apart by the operating sur-
geon, the smoke is removed by
suction

Fig. 11. After separation of the two
parts of the spleen. The section plane
remains dry

nation demonstrated a benign hepatoma, supposedly a consequence of former
chemotherapy. Preoperatively haemoglobin was 13.2mg%, postoperatively
12.5mg%.

Case 6 and 7. In a patient with a double kidney the upper pole was resected by
laser without bleeding from the resection plane. Another girl was transferred to
our hospital for after-bleeding following a kick from a horse; she also had an out-
side hemisplenectomy. The diffuse bleeding from the resection area was stopped
by superficial laser coagulation with a defocused beam and energy of 40 W.
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Fig.12. Patient 5. Hepatoma at the ventral edge of the left lobe of the liver

Discussion

Laser techniques have been applied in surgery of parenchymatous organs since
the middle of the 1970s after the prerequisites had been established in animal
models. Bodecker et al. [2] and Groteliischen et al. [5] first described the energy
distribution and the morphological tissue alterations after Nd YAG laser applica-
tion. In 1980 Karbe et al. [6] investigated the applicability of the Neodymium-
YAG laser for liver resection in pigs and for kidney pole resection in dogs. The
resection itself took longer than in alternative methods, but, in contrast to the
CO; laser or the electric knife, the Neodymium-YAG laser yielded a bloodless re-
section surface owing to coagulation and vessel thrombosis. The healing of the re-
section wound in parenchymatous tissue was not impaired by the carbonization of
the surface. Having performed liver resections in pigs without preparation of the
vessels, Meyer and Haverkamp [8] gave the typical coagulation depth as 5mm at
the wound surfaces and recommended the neodymium YAG laser as a good com-
bination of cutting and coagulation. They stressed the possibility of stopping
minor bleeding by use of the defocused laser beam. Godlewski et al. [4] first used
a commercial neodymium-YAG laser system for liver resection in pigs. The
largest diameter of vessels securely sealed by the laser was 4.5 mm. Furthermore,
Meier et al. [7] showed the formation of a neocapsule after laser resection in rab-
bit liver, spleen and kidney over a period of 2-3 weeks. No fistulae from bile ducts
or the urinary system could be demonstrated by any group.

The somewhat wider incision groove and a transitory increase of liver enzymes
are the only drawbacks, while the advantages are bloodless resection, no after-
bleeding, formation of a neocapsule and the absence of fistulae or healing distur-
bances. Therefore the laser technique has been introduced into clinical practice.
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Table 1. Indications for laser surgery in parenchymatous organs

Liver Tumour, rupture, solitary metastasis, resection for transplantation,
resection in inflammatory disease or error of metabolism

Spleen Rupture, resection for staging of Hodgkin’s disease

Kidney Pole resection in double kidney, tumour in single kidney or in both kidneys

Pancreas  Tumour, rupture, pseudocyst

Lung Metastasis

The largest clinical experience with lasers in paediatric surgery is reported by
Berlien [1]. Further indications are mentioned by Meier et al. [7]. Table 1 lists the
indications for laser surgery of parenchymatous organs in children as described in
the literature.

No published clinical case has ever reported a fistula from bile duct, urinary
system, bronchus or pancreatic duct. The somewhat longer duration of the resec-
tion procedure is compensated because no further haemostasis is necessary. The
total operation time is the same or even shorter.

In adult surgery laser systems are seldom used for resection of parenchymatous
organs [10]. The greater diameter of vessels in adult organs may impair the opti-
mal haemostasis as observed in experiments and in paediatric surgical use. How-
ever, in segmental lung resections DeCaro [3] showed successful laser application
with alveolar sealing and without persistent air leaks.

The Neodymium-YAG laser system extends the technical possibilities of sur-
gery in parenchymatous organs. The aim of organ preservation, especially in
childhood, will be greatly enhanced by laser techniques. Laser surgery is also of
advantage in reducing the need for blood transfusions.
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Haemostasis in Injuries of Parenchymatous Organs
by Infrared Contact Coagulation

T. A. Angerpointner', K. L. Lauterjung®, and A.Hoffecker!

Summary

A series of 11 children aged from 1 day to 12 years is reported in which infrared contact coagula-
tion with a sapphire coagulator was used for haemostasis in liver and splenic injuries. Seven chil-
dren were cured. The four deaths were not related to the injuries of parenchymatous organs.
Infrared contact coagulation is a suitable and cheap method for organ preservation in injuries or
other pathological conditions of parenchymatous organs in childhood.

Zusammenfassung

Es wird iiber eine Serie von 11 Kindern im Alter von 1 Tag bis 12 Jahren berichtet, bei denen die
Infrarotkontaktkoagulation mit einem Saphirkoagulator zur Blutstillung bei Leber- und Milzver-
letzungen zum Einsatz kam. 7 Kinder wurden als geheilt entlassen. Die 4 Todesfille standen in
keinem Zusammenhang mit den Verletzungen der parenchymatdsen Organe. Die Infrarotkon-
taktkoagulation ist eine geeignete und billige Methode zur Organerhaltung bei Verletzungen
oder anderen pathologischen Zusténden parenchymatdser Organe im Kindesalter.

Résumé

Sur une série de 11 enfants 4gés de 1 a 12 ans a été essayé un coagulateur a infrarouges pour infil-
tration hémorragique au niveau du foie et de la rate. 7 enfants ont été guéris par cette méthode.
Les 4 cas mortels étaient sans rapport avec le traumatisme de ’organe. Cette méthode de coagu-
lation par infrarouges est a la fois parfaitement adaptée et peu onéreuse soit pour la conservation
d’organes blessés, soit dans le traitement de tout parenchyme pathologique.

Introduction

Diffuse haemorrhage caused by liver and splenic injuries is sometimes difficult to
control. Therefore splenectomy or extended liver operations were often the treat-
ment of choice in the past. However, the first aim in the treatment of injured
parenchymatous organs in children is organ preservation, above all preservation
of the spleen. Immunological competence of the spleen (one-quarter of the body’s

'Paediatric Surgical Clinic, Dr. von Hauners Childrens Hospital, University of Munich, Lind-
wurmstrasse 4, D-8000 Miinchen 2, Federal Republic of Germany

2University Surgical Hospital Munich — Klinikum GroBhadern, Marchioninistrasse 15, D-8000
Miinchen 70, Federal Republic of Germany
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lymphatic tissue) [2] was fully recognized only recently [6]. Great efforts were
therefore made to preserve parenchymatous organs after injuries such as abdomi-
nal blunt trauma or other pathological conditions such as congenital splenic cyst
or common liver in conjoined twins [3]. Preservation of the spleen is of particular
importance in preventing overwhelming postsplenectomy sepsis due to impaired
immunological function [2, 9]. Infrared contact coagulation of parenchymatous
organs in adult patients was described by Lauterjung et al. [7, 8]. So far, we have
applied this method in 11 children, achieving complete haemostasis of liver and
splenic haemorrhage.

Patients and Method

The method of infrared contact coagulation was developed by Guthy et al. [4].
Hollerl et al. [5] and Lauterjung et al. [7, 8] reported on clinical experience in
adult patients. We used the ISK 250 sapphire coagulator (NK-Optik, Forsten-
rieder Allee 223b, D-8000 Miinchen 71, Federal Republic of Germany; Fig. 1).
By means of absorption by the bleeding tissue, light is converted into thermal
energy, thus causing coagulation and haemostasis. The light is transmitted to the
bleeding tissue via a sapphire crystal which is nonadhesive and of high thermal re-
sistance (melting point 2050°C). Coagulation heads of different geometry (Fig. 1)
allow haemostasis on plane surfaces and in fissured tissue where access is difficult.

Fig. 1. The ISK 250 infrared sapphire
coagulator
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An automatic device, which adjusts coagulation time up to 5s continuously, pro-
vides individual adaptation to different organ sizes and thus application of the
method in neonates.

Diagnosis, age at operation, treatment and outcome in the 11 children are
summarized in Table 1. Their ages ranged from 1 day to 12 years. The spleen was
affected in 6 cases and the liver in 5 cases. A common liver bridge had to be dis-
sected in two pairs of conjoined twins (cases 3 and 4). Case 3 was described in
detail by Grantzow et al. [3]. In the first pair of conjoined twins one twin was

Fig. 2. Abdominal ultrasound revealing a large falciform subcapsular splenic haematoma

Fig. 3. Protruding spleen after laparotomy. Note enlargement and tension on the splenic capsule
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Fig. 4. Splenic tissue following removal of the capsule. Note deep fissure at the lower pole

Fig. 5. Infrared coagulation head in situ for coagulation of splenic fissure

cured, whereas the other died 3 months postoperatively of sepsis and incurable
bowel obstruction. In the other pair of conjoined twins, who had to be separated
at the age of few hours as an emergency, one twin was cured and the other died
immediately after surgery of severe multiple malformations such as tetralogy of
Fallot, biliary duct aplasia and pancreatic agenesis. The other two deaths in the
series were due to postoperative sepsis and renal insufficiency and to the severe
underlying disease of the infant (mucoviscidosis, biliary atresia). The deaths were
not related to the liver injuries requiring infrared contact coagulation. One case is
described in detail.
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Case Report: A 12-year-old girl sustained an abdominal blunt trauma while skat-
ing in 1981. She did not attend a physician thereafter. During the following 2
months she developed increasing abdominal pain and recurrent vomiting. When
she was hospitalized 2 months after the accident, a palpable mass in the upper left
abdominal quadrant was found to extend beyond the midline to the right. Chest
X-ray showed left-sided diaphragmatic elevation. Abdominal ultrasound (Fig. 2)
disclosed a falciform accumulation of fluid between the splenic capsule and the
parenchyma. Blood counts and chemistry were normal. On laparotomy (Fig. 3) a
large subcapsular haematoma containing approximately 11 of old blood was
found. After resection of the separated splenic capsule (Fig. 4) a deep fissure in
the lower splenic pole was found which began to bleed again after removal of the
splenic capsule. Complete haemostasis was achieved by means of infrared contact
coagulation (Fig. 5) thus providing preservation of the spleen. The postoperative
course was entirely uneventful. Postoperative splenic scintiscan showed normal
size and pattern.

Comments

Initial experience with infrared contact coagulation in children was reported by us
in 1983 [1]. The initial drawbacks of infrared coagulation, such as thermal destruc-
tion of the coagulation head, were overcome by the development of a sapphire
crystal of high thermal resistance as the transmitter between light source and
bleeding tissue [4, 7, 8].

The following requirements are fulfilled by the sapphire coagulator: tissue
coagulation to a depth of 5mm, thus providing secure haemostasis; high energy
output for effective coagulation, minimal adhesiveness of the sapphire crystal;
coagulation heads of different geometries for application on plane surfaces and in
deep fissures where access is difficult; high thermal and chemical resistance; nor-
mal sterilization; and low working voltage.

The main benefits of infrared contact coagulation are cheapness, easy hand-
ling, very rapid haemostasis in wet tissue, large area of the coagulation head and
deep coagulation of parenchymatous tissue up to 5mm. Infrared contact coagula-
tion is a valuable method for preservation of injured parenchymatous organs in
paediatric surgery.
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The Shaw Haemostatic Scalpel in Paediatric Surgery:
Clinical Report on 3000 Operations

U.G. Stauffer

Summary

This report presents the experience in a prospective series of 100 operative procedures in all fields
of paediatric surgery with the Shaw haemostatic scalpel, which we have subsequently used in
more than 3000 further operations. The Shaw scalpel proved to be advantageous in about 80% of
major cases. The scalpel cuts tissue with a sharp steel edge, like a cold scalpel, and simultaneously
seals blood vessels by heat thermally conducted to the tissue from heated blade which is electri-
cally insulated from the patient. The heat seals most small blood vessels (under 2 mm) as they are
cut. Since no electric current passes through the patient, a grounding pad is not needed and the
risk of accidental electrical current burns at grounding sites is eliminated. Muscle stimulation as-
sociated with the use of a normal cautery is avoided, improving surgical precision of cutting. The
Shaw haemostatic scalpel minimizes damage to the tissue as compared with other ther-
mocoagulating instruments. Since it seals small vessels as it cuts tissue, it largely eliminates the
flow of blood into the incised area and allows better visibility of the surgical field. The use of the
scalpel requires a different cutting technique which is however easy to learn. The Shaw haemosta-
tic scalpel reduces blood loss and overall operating time in major cases. It is relatively inexpensive
and can be recommended for use in paediatric surgery.

Zusammenfassung

Es wird tiber Erfahrungen bei 100 kinderchirurgischen Operationen auf nahezu allen Gebieten
der Kinderchirurgie mit dem Shaw Hemostatic Scalpel berichtet; nach dieser ersten Versuchs-
serie haben die Autoren das Instrument bis heute in mehr als 3000 weiteren Operationen verwen-
det. Das Shaw Hemostatic Scalpel erwies sich als giinstig in mehr als 80% der groBeren Eingriffe.
Es schneidet das Gewebe mit einer scharfen Stahlklinge wie ein normales Skalpell und versiegelt
gleichzeitig die Blutgefife durch Hitzekoagulation. Die Klinge wird auf einer gewiinschten Tem-
peratur zwischen 110 und 260°C konstant gehalten. Die drei in der Klinge enthaltenen elektrisch
geregelten Temperaturelemente sind vom Patienten isoliert. BlutgefdBe von 2mm Durchmesser
und weniger werden wihrend des Schneidens verschlossen. Da kein elektrischer Strom durch den
Patienten geht, ist eine Erdung nicht nétig, und das Risiko elektrischer Verbrennungen ist aus-
geschlossen. Dies ist in Anbetracht der zahlreichen modernen Uberwachungsgerite, die diese
Gefahr vergroBern, von besonders groBer Bedeutung. Auch kommt es nicht zu Muskelzuckun-
gen, die sich beim Schneiden mit dem iiblichen elektrischen Messer ergeben. Das Shaw Hemo-
static Scalpel setzt einen geringeren Gewebeschaden als das handelsiibliche elektrische Messer.
Da die GefiaBe bei der Gewebedurchtrennung verschlossen werden, wird das Einstromen von
Blut in das Operationsfeld weitgehend vermieden. Dies erlaubt eine “bloodless surgery” mit ent-
sprechend besserer Detailsicht im Operationsfeld. Der Gebrauch dieses Messers erfordert eine
etwas andere Schnittechnik, die jedoch leicht zu erlernen ist. Das Shaw Hemostatic Scalpel re-
duziert den Blutverlust und die Operationszeit bei grofieren chirurgischen Eingriffen. Es ist re-
lativ preisgiinstig und kann fiir den Gebrauch in der Kinderchirurgie empfohlen werden.

Surgical Department, University Children’s Hospital, Steinwiesstrasse 75, CH-8032 Ziirich, Switzer-
land
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Résumé

Nous rapportons 100 observations de chirurgie infantile pratiquée avec le bistouri hémostatique
de Robert Shaw. Par la suite, nous avons pratiqué 3000 autres interventions par cette méthode.
Ce systeme de bistouri hémostatique fut particulierement bien adapté dans 80% des interven-
tions. La section pratiquée est aussi fine que celle d’un scalpel usuel et s’assortit d’une hémostase
immédiate par coagulation. La lame doit étre maintenue a une température oscillant entre 110 et
260°C. Les éléments chauffants électriques de la lame sont bien évidemment isolés du patient.
Pour les vaisseaux sanguins d’un diametre égal ou inférieur 8 2mm, une hémostase spontanée a
lieu pendant la section méme. Une prise de terre n’est pas nécessaire et tout risque de brilure est
écarté du fait qu’aucun courant électrique ne traverse le patient. Ceci est primordial, étant donné
la multiplication des appareils de surveillance électriques.

Autre avantage: ’absence de conduction électrique a travers le patient évite toute contrac-
tion musculaire, chose que I’on trouve a I'utilisation du bistouri électrique habituel. Les 1ésions
du bistouri Shaw sont moindres que celles provoquées par les bistouris électriques habituels.
Cette hémostase spontanée permet d’éviter une déperdition sanguine per-opératoire. De plus, la
sécheresse de la plaie permet une meilleure vision du champ opératoire. Si lutilisation de ce
bistouri nécessite une nouvelle technique, celle-ci est particulierement simple & acquérir.

Cet instrument permet a la fois une réduction des pertes sanguines et du temps opératoire au
cours de la chirurgie lourde. Autre avantage: son prix modique.

Introduction

Haemostasis is an important and frequently time-consuming part of surgery. Pre-
cise control of bleeding during operative procedures is an essential tool, especially
in the paediatric age group. This is a report on our experience with the Shaw
haemostatic scalpel in 3000 operations at our paediatric surgical centre. We
started testing this system in a prospective series of 100 cases in 1982. By 1987,
about 100 surgeons were on the users reference list for the Shaw scalpel in the
United States. There are some reports on the successful use of this scalpel in ani-
mal experimental surgery and some favourable reports in different fields of sur-
gery in humans [1-10]. However, the Shaw haemostatic scalpel is not well known
amongst paediatric surgeons, especially in Europe and there are no reports on its
regular use in this field so far. Our positive experience justifies this report.

Description of the System

The haemostatic scalpel or “hot knife” was invented by Robert Shaw, M.D., a
cardiovascular surgeon, and is manufactured by Oximetrix Incorporated Moun-
tain View, California, United States (Fig. 1). The Shaw scalpel system consists of
three components: an electronic controller instrument; a reusable scalpel handle
connected to the controller by a lightweight, flexible electrical cable; and sterile
disposable scalpel blades. The controller unit operates on the standard hospital
power supply (115 or 120V, 50-60 Hz) to provide a pulsed direct current used to
heat the scalpel to a selected temperature in the range 110°-260°C. The controller
provides an audible tone and visual display to show system operating status and
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Fig. 1. The Shaw haemostatic scalpel. The controller unit and the handle with the blade

Fig.2a,b. The Shaw haemostatic blade. a “Structure” (see text), b Teflon coating

blade temperature setting. The controller senses and powers microelectronic cir-
cuitry in the scalpel blade to maintain the blade at the desired temperature within
extremely narrow limits. This permits the surgeon to maintain careful control over
the degree of thermal injury produced in the tissue. The temperature can be con-
trolled and raised in 10° increments by a small button enclosed in the scalpel
handle. When the blade is turned on, it reaches the desired temperature within
3-4s and when it is turned off, it cools very rapidly. The Shaw blades are individu-
ally packed, sterile and ready for use. They are similar in size and shape to con-
ventional scalpel blades (No. 10 and 15) and have the same sharp surgical steel
cutting edges to retain the precision and feel of the cold scalpel when cutting.
They are constructed from surgical steel and coated with copper and a Teflon
(PTEE) outer coating, except for the cutting edge (Fig.2a, b). The Teflon coating
is important since coagulated blood tends to collect on the scalpel. With the Tef-
lon coating, the blade can be easily cleaned by gentle wiping on a sterile gauze.
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The blades contain three individual heating and sensing units along the belly and
cutting tip of each blade. The microcircuitry incorporated within the Shaw blade
itself maintains the cutting edge temperature within the necessary limits, selec-
tively delivering additional thermal energy only to those regions of the blade los-
ing heat by tissue contact. This allows one to compensate for the varying heat los-
ses that occur during surgery and to maintain the cutting edge in the desired tem-
perature range. The disposable blades are discarded when they become dull, just
like conventional scalpel blades. The reusable scalpel handle and the cable to the
controlling unit can be gas sterilized. The manufacturer provides a trained rep-
resentative who can give technical instruction on the design and proper use of the
instrument. The cost of the complete Shaw haemostatic scalpel is approximately
3000 # and the blades are approximately $ 6 each.

The Shaw scalpel system conducts heat from its sharp, heated blade to a thin
layer of tissue adjacent to the cutting edge. The heat seals most small blood ves-
sels (below 2 mm) as they are cut, largely eliminating the flow of blood into the in-
cised area. Since the blade is electrically insulated from the patient, and no elec-
tric current passes through the patient, no grounding pad is needed. Muscle stimu-
lation associated with passing electric current through the body is also eliminated.

The First Pilot Study of 100 Cases

The theoretical advantages prompted us in 1982 to test the value of the Shaw
haemostatic scalpel in different fields of paediatric surgery in a prospective series
of 100 operations. With a few exceptions, all procedures have been carried out by
the author. Every patient had a special questionnaire noting temperatures used at
different steps of operation, number and quality of blades used during the proce-
dure, a comparison of the haemostatic scalpel with the cold scalpel and electrosur-
gical units with respect to the amount of time required, the estimated tissue dam-
age, visibility of the operating field and the quantity of fluid administered to the
patient. The patients were carefully followed postoperatively for any complica-
tions, especially wound healing, infections and cosmetic appearance of the scar at
late follow-up.

Results

A total of 90 children with an age range from 1 day to 15 years underwent al-
together 100 different procedures which are listed in Table 1.

General Evaluation and Technical Considerations

The effective use of the thermally regulated haemostatic scalpel required develop-
ment of a different technique from the one we were using before. Surgeons are
usually accustomed to cut tissues rapidly and then return to the same area to
coagulate bleeding vessels which have been cut. With the Shaw haemostatic scal-
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Table 1. Shaw haemostatic scalpel in paediatric surgery: diagnoses in the first 100 pilot cases

Neonatal surgery
Intestinal malrotation, duodenal atresia, etc.
Enterostomy (NEC)
Sacroperineal pull-through in anorectal atresia
Gastrostomy

A~ B ONW

Abdominal and general surgery
Hepatoportoenterostomy (Kimura-Kasai)
Splenectomy
Hemisplenectomy
Excision of mesenteric lymph node
Appendectomy
Inguinal hernia
Cryptorchidism

[=) 3= WO, BE N N S )

Urology
Cohen’s procedure in vesicoureteral reflux
Bladder reconstruction in bladder exstrophy
Excision of bladder diverticulum
Excision of bladder (after bladder exstrophy)
Cutaneous ureterostomy
Nephrectomy
Heminephrectomy

—

W W= WN

Bone surgery
Juvenile bone cyst near humerus
Autologous spongiosaplasty (pelvis)
Osteotomy of pelvis (bladder exstrophy)
Biopsy of bone tumour (Ewing’s sarcoma, osteosarcoma)

W W AN

Neurosurgery
Myelomeningocele
Hydrocephalus, Spitz-Holter shunt
Epidural haematoma
Insertion of Richmond screw

NN W Wk

Tumour surgery
Wilms’ tumour
Resection of soft tissue tumour
Tumour biopsy 4

[\ 1N 8]

pel the blade and its thermal energy have to be used in such a manner that bleed-
ing does not begin. This is done by making incisions at a somewhat slower cutting
speed than with the cold scalpel or the Bovie scalpel. The incisions have to be
done at a constant speed through thinner layers of tissue to maintain constant and
meticulous haemostasis at every step. The cutting technique required for effective
use of the Shaw scalpel was initially unfamiliar and the use of the instrument was
therefore fully effective only after a short learning period. However, this change
in technique was not difficult to achieve and much easier than that required for
lasers. The time loss because of the lower cutting speed was more than compen-
sated by the gain in time due to a dry operating field. For skin incisions, we usu-
ally used a temperature of 110°C. After cutting through the dermis, the blade
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Fig.3. Abdominal incision with the Shaw haemostatic scalpel; bloodless surgery

temperature was usually raised to 220°-260°C. The grade of haemostasis with
these temperatures was usually excellent in subcutaneous and fibrous tissues and
muscles. Of course, one has to adapt the speed carefully to the type and vascular-
ity of the tissues at these high temperatures. However, with increasing experience
this was not very difficult. The haemostasis achieved was usually excellent, espe-
cially in abdominal and thoracic wall incisions and after a short learning period,
no additional electrosurgical unit (ESU) was used and only a few or no ligatures
at all were necessary. Figure 3 shows a bloodless field in a patient with an upper
abdominal transverse incision. The dry operating field gave much better visibility
and was of considerable advantage to the surgeon.

Cutting through muscles could be done with more surgical precision because
muscle stimulation associated with passing electric current through the body is
eliminated. Since no electric current passes through the patient no grounding pad
is necessary and the risk of accidental electrical burns at grounding sites is elimi-
nated. This was of special interest for us in neonates and infants. Deep in the ab-
dominal cavity, there was sometimes a slight mechanical inconvenience because
of the cable on the proximal end of the scalpel handle. It is important to realize
that if the ESU is used in conjunction with the Shaw scalpel, care must be taken
not to touch the blade with the activated ESU as this would result in internal dam-
age to the electronics in the Shaw controller unit. In minor procedures, usually
one No. 10 or No. 15 blade was used, in major procedures two to four blades were
necessary. The blades were mostly as sharp as normal cold steel blades and main-
tained their sharpness for about 20 min. However, there were a few blades which
seemed to get dull more quickly and a few which seemed not to be as sharp as nor-
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mal cold blades initially. A few trials to resterilize the blades were unsuccessful
because they got dull. We initially thought that the Shaw haemostatic scalpel
would also be advantageous in surgery on the liver and spleen. However, we were
not very successful with this system on these parenchymatous organs because of
too much coagulated blood on the blades, in spite of the Teflon coating.

Altogether, the Shaw haemostatic scalpel proved to be useful in about four-
fifths of our operations. The immediate haemostasis, allowing for increased visi-
bility in the operative field, and the lack of muscle stimulation, allowing more pre-
cise cutting, was a considerable advantage in all major operations and was of
course of special interest in neonatal surgery. In this field, perfect haemostasis
and excellent visibility of the operative field is especially important. We also had
the impression that, in comparison with conventional ESU, there was less tissue
damage with the haemostatic scalpel. In contradiction to reports on adults, we
have the impression that the quantity of fluid administered was not greatly influ-
enced by the use of the Shaw scalpel, mainly because meticulous operative
haemostasis is mandatory in paediatric surgery anyway. However, haemostasis
was much more easy to achieve and in some extensive procedures we also think
that the quantity of blood administered was reduced. In very major procedures,
the operative time seemed to be reduced; in none of the procedures was it longer
than with conventional techniques.

Wound Healing

There was one infection of an abdominal wall incision with partial disruption of
the wound on day 14 in an infant with hepatoportoenterostomy (Kimura-Kasai
procedure) because of biliary atresia. One patient had a slight seroma which
healed without sequelae, in three patients the incision was red from day 2 to day
4 which could be explained by too low a speed of skin or subcutaneous tissue inci-
sion, resulting in slight thermal injury. However, wound healing was subsequently
normal in these patients. All other patients had completely uneventful postopera-
tive courses, normal wound healing and the cosmetic appearance of the scar at
late follow-up was good and equivalent to incisions with the cold scalpel. The
complication rate of wound healing was similar to the complication rate with the
cold steel scalpel.

Discussion

Our first series of 100 operations with the Shaw haemostatic scalpel convinced us
of the advantages of this new technique and the Shaw scalpel is now successfully
used by all senior members of our staff. Controlled experimental animal studies
were conducted during 1978 and 1979 by Stanley M. Levenson, Professor of Sur-
gery, Albert Einstein College of Medicine, New York, a recognized authority on
wound healing [3]. Levenson compared postoperative wound breaking strength in
standard paramedian incisions in rats. The incisions were made with an ordinary
scalpel, the heated Shaw haemostatic scalpel and the conventional ESU unit, with
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both coagulation and cutting. Wound healing and breaking strength were tested
between 7 and 42 days postoperatively. They were proved to be highest in inci-
sions made with the conventional scalpel and the thermally regulated Shaw
haemostatic scalpel. At day 21 there was a slight difference in favour of the con-
ventional scalpel which was, however, not demonstrable later on. Both the con-
ventional scalpel and the Shaw scalpel produced less tissue damage than incisions
made with the ESU and there was no instance of wound infection in any of the
rats of the whole series. The conventional scalpel and the Shaw scalpel produced
statistically stronger wounds than incisions made with the ESU in either its coagu-
lation or cutting mode. Wound resistance to infection after incisions with the
Shaw scalpel and the conventional scalpel by purposely inoculated skin incisions
in rats up to 10° Pseudomonas aeruginosa or Staphylococcus aureus did not show
any difference between the conventional scalpel and the Shaw scalpel at various
temperatures. No wound infection developed in either group.

Levenson also compared the cold scalpel and the thermally regulated haemo-
static scalpel for excision of third-degree burns in Hampshire-Landrace pigs [4].
He found that the blood loss was significantly less than in comparable excisions
carried out with the usual “cold” surgical scalpel and the “takes” of immediately
applied skin grafts were similar following excision with the cold surgical scalpel.
He was then the first to apply the Shaw haemostatic scalpel successfully in a 50-
year-old man with 35% third-degree burns [4]. Since then, favourable reports
have been published by different authors from many fields of surgery [1, 2, 5-10].
Salyer [7] reported on its use in plastic and reconstructive surgery, especially in
craniomaxillofacial surgery and cleft palate surgery. Pilnik and co-workers [6] re-
ported on the use of the haemostatic scalpel in operations on the breast, pointing
out especially the reduction of blood loss. None of their 155 mastectomies done
with the heated scalpel required a single blood transfusion. Fee [2] reported on 25
patients who underwent parotid gland surgery with the Shaw scalpel and com-
pared this group of patients with another group of 25 patients who had similar sur-
gery by conventional techniques. Overall, the patients operated on with the Shaw
scalpel had less blood loss and shorter operative times. In addition, in patients
who underwent superficial parotidectomy, the incidence of temporary partial
facial nerve paralysis was lower with the Shaw scalpel. They concluded that the
Shaw haemostatic scalpel was a safe efficacious instrument for use in parotid
gland surgery. These authors especially stress the better visibility due to the dry
operative field. Fee [1] also reported on the use of the Shaw scalpel in head and
neck surgery and classified the procedures in 50 patients on a scoring system for
effectiveness of haemostasis. Subjective equipment evaluation resulted in a mean
score of 3.8 (1 = worthless, 5 = excellent). Overall, the Shaw system was a worth-
while surgical tool in over 70% of cases. The author stresses that the Shaw scalpel
system is especially excellent for raising flaps and for use in precise surgery where
small capillary bleeding typically obscures visibility, especially in parotid surgery.

Moazed and co-workers [5] reported on the use of the Shaw haemostatic scal-
pel in ophthalmic surgery. They also stress the preservation of a good view of the
anatomy during dissection and come to the conclusion that the Shaw scalpel
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simplifies operative procedures at the orbit and the lid. They also noted a signifi-
cant shortening of surgical procedures in their ten cases. Tromovitch and co-work-
ers [10] used the Shaw haemostatic scalpel in 150 minor and major dermatological
procedures. They state that “the dissection and control of bleeding was infinitely
easier” with the Shaw scalpel and that “this electric scalpel will surely become a
favourite instrument for dermatological surgeons”. Takagi and co-workers [9]
used the Shaw haemostatic scalpel in 7 radical operations for oral cancer and com-
pared the amount of bleeding and postoperative exudate and the occurrence of
postoperative complications with that from 12 operations performed with the con-
ventional steel scalpel. The blood loss during the radical neck dissection proce-
dure performed with the Shaw scalpel was 39% of the control value, and no blood
transfusions were necessary.

We add our own experience with over 3000 cases with the Shaw haemostatic
scalpel to these favourable reports in the literature. We would like to stress again
the advantages which are especially important in paediatric surgery. The Shaw
scalpel allows one to seal small vessels with heat as it cuts, largely eliminating the
flow of blood into the incised area and giving an improved visibility and a dry
operative field. Since no electric current travels through the patient, there is no
disturbing excitation of muscles, allowing for more precise cutting. There is also
no earthing pad required which eliminates the potential danger of electrical burns.
Improved visibility, reduced tissue damage, lack of muscle stimulation and the
elimination of possible electrical burns are of special interest for the paediatric
surgeon. After a short training in cutting techniques, the use of the Shaw haemo-
static scalpel, facilitate greatly haemostasis, another important factor in young pa-
tients.
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Liver Resection with the Sonocut Ultrasonic Knife

B.Thomasson!, L. Hedenborg?, and H. Wiksell®

Summary

Previous reports and our findings suggest that resection by ultrasound is of appreciable merit in
liver surgery. Blood can be saved and bile leakage diminished as the larger vessels and bile ducts
can be skeletonized unharmed, whereas the dissector selectively carries away the parenchyma.
Otherwise virtually inaccessible tumours can be approached. The ultrasonic dissector/aspirator
does not harm the tissue in depth beyond the resection surface and thus not much devitalized tis-
sue is left in the wound.

Zusammenfassung

Berichte aus der Literatur und eigene Erfahrungen zeigen, daB3 die Ultraschallresektion von be-
trichtlichem Wert in der Leberchirurgie ist. Es kann blutsparend operiert werden, Gallelecks
werden verringert, da groere GefiBe und Gallengénge sorgfiltig prapariert werden, wéhrend
der Ultraschalldissektor selektiv das Leberparenchym abtrigt. Sonst inoperable Tumoren kén-
nen somit chirurgisch angegangen werden. Der Ultraschalldissektor/-aspirator 148t das tiefe Ge-
webe jenseits der Resektionsebene unangetastet, wodurch nur sehr wenig devitalisiertes Gewebe
zuriickbleibt.

Résumé

Nous voulons montrer, & travers notre expérience et a la lumiére de la littérature médicale, I'in-
térét majeur du bistouri 2 ultrason en chirurgie hépatologique. Il permet une intervention peu
sanglante, minimise une fuite biliaire car les gros vaisseaux sanguins, de méme que les canaux
hépatiques sont particuliérement bien préparés pendant I'utilisation du bistouri a ultrason sur le
parenchyme hépatique. Des tumeurs non accessibles a la chirurgie en temps ordinaire le devien-
nent. Grice 2 cet instrument, il n’y aura aucune atteinte du tissu sous-jacent et donc trés peu
d’atteintes nerveuses.

Introduction

A potentially dangerous feature associated with resection of parenchymatous or-
gans is the frequently excessive blood loss. Although exsanguination can usually
be avoided, the loss generally necessitates large transfusions with their inherent
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dangers. In liver resections leakage of bile further enhances the risk of complica-
tions.

Accordingly, continuous efforts have been made to develop new techniques
aiming to facilitate the procedures, to save blood and to prevent bile leakage
[1,4-6, 9-15]. One of the newer modalities in this respect is utilization of ultra-
sonic energy for resection. The concept of phacoemulsification was introduced in
ophthalmic surgery in the late 1960s [8]. The technique was then modified for use
in other tissues (brain, liver, pancreas) and employed in clinical neurosurgery
about 10 years later [3].

To date at least four devices have been made available: Camtom (Heidelberg,
Federal Republic of Germany), Cavitron (Mountain View, California, United
States), Sonocut (Stockholm, Sweden) and Sonotec (Tokyo, Japan) (Hodgson et
al. 1987, unpublished data; [2]). The Sonocut was designed by one of us (H.W.)
in 1985. So far 79 units have been produced and they have been used in about
2000 operations in various countries. The first clinical application of this device
was for resection of brain tumours at the beginning of 1986 at the Department of
Neurosurgery, Karolinska Hospital, Stockholm [16].

Technical Description

The main console of the unit comes in two versions, the Maxi (Fig. 1) and the Mini
(Fig. 2). The Maxi type is completely self-contained, including suction and irriga-
tion, whereas the appreciably less expensive Mini has to be attached to an exter-

Fig. 1. The Sonocut Maxi
console, incorporating irriga-
tion and suction devices.
Straight handle with offset
metallic irrigation nozzle



50 B. Thomasson et al.

Fig. 2. The Sonocut Mini console. This version contains the electrostrictive power plant only.
External irrigation and suction are needed

nal suction device and uses irrigation by gravity. Both types of console activate
identical handles. These are available in straight or bent versions and can be auto-
claved at 135°C. They are insulated in accordance with IEC 601-1 cardiac floating
standard to allow the use of monopolar electrocautery. The angulated handpiece
facilitates operation in the narrow field of an operating microscope.

In the first models of the Sonocut the irrigation fluid was dispersed through a
separate offset metallic nozzle (see Fig. 1), but the provision of a nonconducting
coaxial irrigation sleeve (Fig.3) improves the ultrasonic and electrical insulation
of the handle all the way down to the tip. The energy is provided by an electrostric-
tive transducer incorporated in the stem of the handle. In contrast to magneto-
striction, the electrostrictive technique does not waste much energy in the form of
heat. Thus, a separate cooling device for the transducer is not necessary.

The Sonocut works at a frequency of 24000 Hz, which is slightly more efficient
in fragmenting parenchyma than the frequency of 35000 Hz utilized by some other
systems. The transducer gives a primary acoustic output of 15 pm maximally. This
is converted by an amplitude transformer to 5-240 um longitudinal vibrations of
the tip. The amplitude can be adjusted while the device is running. Within the
limits of 30-150 um selective destruction of tissue can be achieved, depending on
the water content of the cells. Those containing more water (e.g. hepatocytes) are
more easily destroyed than tissues such as collagen and elastin (e.g. vessels and
bile ducts). The energy at the tip is dispersed purely longitudinally, not trans-
versely (Fig. 4). It is of the utmost importance to the selectivity of tissue fragmen-
tation to have strict controll of the vibration amplitude of the tip. A phase detec-
tor in the Sonocut system enables the feeding oscillator to maintain a stable acous-
tic output irrespective of changing workloads.
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Fig. 3. Angulated handle with coaxial irrigation sleeve

Fig. 4. The tip in action, demonstrating the strictly longitudinal energy distribution. The drop of
irrigation fluid coming out of the coaxial irrigation sleeve is undisturbed as long as it is hanging at
the side of the metal tip, whereas it is nebulized when it reaches the front of the tip

The titanium alloy tip is provided with a central 2 mm diameter suction chan-
nel. Irrigation is provided by sterile isotonic saline 5-35 ml/min. The suction can
be adjusted from 0 to —0.8bar. The fragmentation of tissue is so efficient that
obstruction of the suction channel hardly ever occurs. Utilization of fruit or vege-
tables as test or training material for the Sonocut is, however, unwise. Many fruit
contain seeds, which may obstruct the suction channel. Cutting into plastic mate-
rial is still worse. The plastic melts at the tip and resets into hard plugs in the chan-
nel. A piece of liver is recommended as training material.

High frequency vibrations are known to cause fatigue fractures in metal. In the
Sonocut tip the maximum mechanical strain occurs 2-3 cm from the point. How-
ever, even during prolonged (200h) endurance tests no stress fractures have oc-
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Fig. 5. On the left an unused Sonocut metal tip,
on the right another tip after 200 h of active
operation at maximal vibration amplitude
against a water surface. The cavitation is clearly
noticeable. The diameter of the central suction
channel is 2mm

curred. At the vibration frequencies and amplitudes employed, the limiting factor
is not the Wohler stress fracture correlation, but rather the cavitation phenome-
non causing erosion of the metallic tip (Fig. 5). In clinical practice replacement of
the tip is recommended after 100 h of active usage.

At first sight, it seems that one might utilize the tip of the ultrasonic aspirator
for heat coagulation haemostasis. To be sure, the tip will heat up if operated for a
long time without suction or irrigation, but this heat energy cannot be easily con-
trolled for haemostasis [7]. Furthermore, the temperature might damage the
rather expensive tip. As mentioned earlier the Sonocut handle is nevertheless de-
signed for monopolar electrocautery use. This might not necessarily apply to the
handles of some other ultrasonic knives. Before utilization of such for electro-
cautery purposes the manufacturer of the actual ultrasonic device should be con-
sulted.

Clinical Experience

We have tested the Sonocut Maxi in the experimental laboratory and employed it
in five cases of liver resection for primary and metastatic liver tumours in children
(ages 2-16 years) at the Department of Paediatric Surgery, St. Géran’s Hospital.
This, of course, is a very limited experience, but the versatility of ultrasonic dis-
section has been impressive and was thought to warrant a report. In the patients
with metastases multiple lesions were removed. The majority of the cases were
further complicated because the tumours involved other organs as well (adrenal
gland, lung, stomach) so that the operations were reoperations in scarred fields.
The procedures ranged from local tumour enucleations to right lobectomy. The
children all survived the operations, but two have recurrent metastatic disease
(one girl in the liver and another disseminated in multiple organs).

It was found that the difference in texture between tumour tissue and normal
liver was great enough to allow for an easy, clean dissection along the tumour cap-
sule without breaking it. Likewise, larger vessels and bile ducts were skeletonized,
but remained intact and could easily be individually obliterated by cautery, silver
clips or ligature (Figs. 6 and 7). In one case a large tumour was located close to
the liver hilus in the medial left lobe of the liver. We feel that we would not have
been able to accomplish complete removal of the tumour, with the capsule intact
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Fig. 6. Liver resection in vitro. Note the intact skeletonized vessels and bile ducts bridging the gap
created in the parenchyma by ultrasonic dissection/aspiration

Fig.7. Spleen resection in vitro. Note the “cleaned” bridging vessels

and without breaking into the closely adjacent large vessels and bile ducts without
the aid of the ultrasonic dissector.

However, in another case with some fibrosis of the liver the properties of the
tumour and the surrounding liver tissue differed very little. A very fine adjust-
ment of the vibration amplitude of the dissector tip was necessary in this case in
order to achieve selective tissue destruction. In some areas the energy necessary
to remove parenchyma was high enough to cause unpleasantly profuse bleeding.

The ultrasonic procedure is facilitated by manual fixation of the tissue to be
dissected, e.g. by applying a stretching force to the liver lobe in question. The
liver capsule in all cases demonstrated tough resistance to the ultrasonic aspirator.
It was found most convenient to start the dissection by incising the capsule with an
ordinary scalpel. Even with the Sonocut the blood loss was considerable in all five
operations, on average 60% (range 20% —120% ) of the patient’s blood volume. It
is our impression, however, that compared with earlier operations of similar mag-
nitude the ultrasonic dissector saved considerable amounts of blood.

Histological Studies

Liver tissue resected by ultrasound or an ordinary electrocautery knife from pigs
and by ultrasound from a patient was studied by light microscopy. The tissue was
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Fig. 8. Ultrasonically resected hepatic tissue from a pig. The illustration shows a zone of approxi-
mately 1.5 mm with the resection surface to the right. The surface is covered by coagulated mate-
rial. Tissue on the right-hand side of the picture shows degenerated and destroyed hepatocytes.
In the middle there are slight cystic changes with granulocytes, erythrocytes and fibrin. Histolog-
ically normal hepatocytes appear to the left at a depth of approximately 1mm. H& E, x 90

fixed in 10% formalin, processed according to standard routine, embedded in
paraffin and stained by haematoxylin-eosin and van Gieson stain.

Resection of liver from pigs (Fig.8) by ultrasound resulted in similar mor-
phological findings compared with the damage caused by the ordinary cautery
knife. Histological changes were seen in a narrow zone from the resection surface,
0.5-2mm deep. Hepatocytes showed polygonal eosinophilic cytoplasm with a
granular appearance. Separation of liver cell trabeculae and widening of sinusoi-
dal spaces, together with accumulation of erythrocytes, was noted. Nuclear
changes consisted of slight pyknosis and hyperchromasia together with a tendency
to elongation suggestive of electro-artefacts.

In some areas irregular cystic spaces had developed, empty or filled with fluid,
coated by a thin layer of coagulated cellular material. The size of the cysts varied
from approximately 100 to 500 pm. Aggregations of granulocytes under the partly
coagulated resection surface and at the border with normal liver tissue were seen.
In the vicinity of connective tissue septa and vessels one could see cellular
changes, small haemorrhages and exudation of fibrin to a depth of 2mm. The
plane of resection often seemed to follow the normal lobular architecture of the
liver.
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Fig. 9. Ultrasonically resected hepatic tissue from a patient. The illustration shows a zone of ap-
proximately 1.5 mm with the resection surface to the right. In the upper left-hand corner there is
a small portal zone, on the surface a thin layer of coagulated material. The hepatic tissue in the
upper right-hand corner has a more eosinophilic cytoplasm (paler in the picture) and nuclear
changes (pyknosis, hyperchromasia). In the portal zone and just under the surface there is ac-
cumulation of erythrocytes. The depth of histological changes is approximately 1mm. H&E,
X 90

Our impression is that there was no significant difference in histological find-
ings in pig liver resected by ultrasound compared with resection by the cautery
knife. The resection surface from the patient (Fig.9) showed the same kind of
changes as the material from pigs, even if the tissue damage in the patient’s tissues
was less pronounced. This might be due to the fact that the ultrasonic dissector
was tuned somewhat more “boldly” in the experimental than in the clinical set-
ting.

Discussion

The ultrasonic aspirator has two unique properties making it especially attractive
in liver surgery:

1. The ability to resect tissue with accuracy, deep within a cramped operation
area with only very small movements of the handle and with tip vibrations re-
stricted to micrometres. This is possibly due to the enormous acceleration of the
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tip (up to 340000 g) causing an acoustic “impedance catastrophe” and resulting in
tissue fragmentation.

2. The possibility of selective tissue destruction. Thus, parenchyma can be re-
moved, while vessels and bile ducts remain intact and available for selective occlu-
sion by ligatures, clips or cautery. This is dependent on a cavitation phenomenon
at the tip, leading to so-called rectified diffusion. Gases dissolved in body fluids
are transferred into the gaseous phase causing cellular ruptures, a larger number
of which occur the higher the water content of the tissue.

Ultrasonic aspirators should not be utilized in the bones of the cranium. Dis-
tant damage to cranial nerves has been reported, probably caused by massive
transosseal distribution of the ultrasound energy. The cutting effect of ultrasound
devices has been studied histologically in laboratory animals and described as a
combination of cavitation (rupture of cell structures), an adiabatic heating effect
and vaporization of cell liquid. In a report by Boddy et al. [2] the local heating
effect was found to be limited to a rise in temperature by 17°-18°C at a distance
of 1 mm and to 3°-4°C at a distance of 3 mm from the tip of the scalpel. Minimal
local tissue damage and healing without fibrosis was recorded.

As for liver resection there is a study in dogs where a comparison has been
made between laser, ultrasound and blunt dissection [15]. Laser-induced changes
were similar to our lesions induced by ultrasound and located at a depth of ap-
proximately 3mm. In the report changes induced by ultrasound were limited to
1mm and by blunt dissection to 0.5 mm. In spite of this the blunt dissection ani-
mals showed more extensive postoperative necrosis after 7 days. Laser resection
was followed by a higher degree of local infection. The authors stress the combi-
nation of gentler handling of the tissue and clearer visualization of anatomical
structures with the use of ultrasound for resection. Also in the animal experiments
performed by Ottow et al. [11], the ultrasonic technique combined a tendency
towards smaller blood loss with minimal tissue necrosis. Our findings are in good
accordance with these two reports as we find only minimal tissue changes in a nar-
row zone of 0.5-2 mm. The variability in the findings can be explained by the fact
that different amounts of energy were used during the operations.
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Electroresection
with a New Endotracheally Applicable Resectoscope

W. Geissler, K. Korner, and P. Wurnig

Summary

Besides dilatation, cryotherapy, laser and surgical resection, the technique of endoscopic, endo-
tracheal electroresection provides an alternative in the treatment of endotracheal stenoses. The
instrument is similar to the resectoscope used in urology, but additionally equipped with a longer
action range and respiration facility. It is insulated at the tip of the shaft.

The electroresectoscope was employed on 64 occasions at our institution in three indications:
endotracheal diseases, granulomas following tracheostomy; and short subglottic membrane
stenoses, partly secondary to long-term intubation. Indications, advantages and drawbacks of the
method are discussed.

Zusammenfassung

Neben Bougierung, Kryotherapie, Laser and operativer Resektion stellt die endoskopische,
endotracheale Elektroresektion ein alternatives Verfahren zur Behandlung endotrachealer Ste-
nosen dar. Das Geriit dhnelt dem in der Urologie verwendeten Resektoskop, weist jedoch eine
groBere Arbeitslinge und eine Beatmungsmoglichkeit auf. Es ist an der Spitze des Schafts iso-
liert.

Seit 1985 wurde es 64mal bei 3 Erkrankungsgruppen verwendet, und zwar bei 1) endo-
trachealen Verdnderungen, 2) Granulombildung bei Kaniilentragern und 3) kurzstreckigen sub-
glottischen Membranstenosen, z.T. nach Langzeitintubation. Die Indikationen sowie Vor- und
Nachteile des Verfahrens werden diskutiert.

Résumé

A c6té des dilatations par bougies, de la cryothérapie, du laser et des résections chirurgicales,
I’électrosection endotrachéale par endoscopic représente une alternative intéressante dans.les
traitement de la sténose trachéale. Cet instrument est trés voisin d’un résecteur urologique mais
dispose en plus d’un prolongateur et d’un respirateur. L’extrémité de 'appareil est isolée. Depuis
1985, nous 1’avons utilisé dans 64 cas, dans 3 types de séries. 1ére série: pathologie endo-
trachéale, 2&me série: lors de granulomes sur canules de trachéotomie, 3¢me série: lors de sténo-
ses sous-glottiques membraneuses aprés intubation de longue durée. Nous discuterons les indica-
tions pré- et post-opératoires.

Introduction

Therapeutic problems may arise in endotracheal stenoses in infancy because of
the small dimensions. Resection with end-to-end anastomosis, laser resection,
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electroresection, dilatation or tracheal enlargement by chondroplasty modified
according to Hof [10] are all possibilities for treatment. We have already reported
on these methods [8, 15, 18, 19]. In this paper a resection device is presented
which is particularly suited to the small tracheal stenoses in infancy.

Method

Since 1985 the resection device shown in Fig. 1 has been available for electroresec-
tion (produced by Storz, D-7200 Tuttlingen, Federal Republic of Germany).
Simultaneous ventilation during resection is possible. It is small enough to be used

Fig.1a—c. Resection device for endotracheal and endobronchial resection with ventilation socket.
a overall view, b individual parts (top: optics; middle: resection electrode; bottom: shaft with
ventilation socket; right : resection handle), ¢ insulated shaft top with extended resection sling
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within a 3.5-mm tube and its action range allows application from the subglottic
region down to the carina. Resection under view is carried out in a distal-proximal
direction (Fig.2).

The resection manoeuvre itself is performed by means of a loop-shaped elec-
trotome which can be manually extended against a spring. The resection area is
exactly focused by the optics prior to resection under view in a distal-proximal
direction. Damage to the surrounding trachea can be avoided by careful applica-
tion. The pathological changes and resection results are documented photographi-
cally. Besides tracheoscopy, tracheal radiography must be performed prior to re-
section in order to assess the exact extent and shape of the stenosis (Fig. 3a—d).
Tracheoscopy defines the upper border and the diameter of the stenosis, tracheo-
graphy its lower border, thus defining the whole extent of the stenosis.

Patients

During the last 25 years a total of 153 children with tracheal stenoses have been
seen at the Mautner Markhofsches Kinderspital, Vienna [8]. Table 1 lists those
cases where tracheal surgery was performed. Site and shape of the stenoses are
also listed since they are essential for the use of the device.

So far, we have applied the resectoscope 64 times in 14 children, essentially
with three kinds of disease: endotracheal diseases (37 times in 14 children);
scarry, short-range subglottic stenoses following long-term intubation (method
employed as supplementary or transitory measure prior to enlargement chondro-
plasty); and development of granulation tissue secondary to tracheostomy (14
times in 7 children). Three cases are presented in detail.
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Fig. 3a-d. Tracheography for assessment of stenotic extent. a, b long-distance stenosis (case 12),
¢, d short-distance stenosis (case 3). Only this kind of stenosis is suited for electroresection
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Fig.4a-d. Case 3. a endoscopic picture following several dilatations, b after 1 week, ¢ after
4 months, d after 1 year

Case 3. Male, 1 year (Figs.3c,d and 4a-d). Emergency intubation for en-
cephalitis with a large No. 5 endotracheal tube. Thereafter intubated patient
transferred to our hospital. Respiratory situation necessitated long-term intuba-
tion over 12 days. A tracheostomy was carried out on the 13th day for mucosal
maceration of the larynx and trachea and for long-term ventilation. Nonetheless,
the patient developed an extreme, short-range subglottic stenosis with a residual
lumen of 1 mm. Bougienage was started 6 weeks after admission (Figs. 3c and 4a).
After 23 dilatations during the following 4 months the child was decannulated
(Fig. 4c). However, 20 further dilatations became necessary in the following year
to keep the stenosis patent (Fig. 4d). After 2 years, follow-up revealed restenosis
which was removed with the resectoscope. Today, 7 years after onset of the dis-
ease, the child is well and without signs of restenosis.



64 W. Geissler et al.

Fig. 5. Case 6. Positioning of the resection sling beyond the membrane

Fig. 6. Case 19. Viral papilloma; positioning of the resection sling beyond the papilloma

Case 6. Male, 3 years (Fig. 5). Delivery in the 35th gestational week, post-partum
respiratory distress syndrome necessitating artificial ventilation for 9 days. Admis-
sion to our hospital at age of 3 years for examination of a persistent stridor.
Tracheoscopy revealed a subglottic stenosis impassable with the 3-mm tracheo-
scope. The short-range stenosis narrowed the trachea in a sail-like fashion, from
the left. Following three endotracheal electroresections under cortisone protec-
tion, the boy has been well for 2 years.

Case 19. Female, 2 years (Fig. 6). First appearance of viral condylomas in the
larynx at the age of 1 year. Repeated laser removals of the condylomas in another
hospital. Simultaneous interferon therapy could not overcome recurrences. Treat-
ment was stopped after 1 year because of lack of success. Admission to our hospi-
tal at the age of 2 years in a state of serious respiratory insufficiency necessitating
immediate tracheostomy (Fig.6). We tried to control the condylomas which ex-
tended down to the main bronchi by three laser applications, without success. In
fact there was progression of the condylomas so we proceeded with the resecto-
scope. Within 1 year, 31 electroresections were carried out, accompanied for the
last 6 months by interferon treatment of increasing dosage up to 200000 IU/kg.
Depending on the site and extent of the condylomas, electroresections were per-
formed either via tracheostomy or transorally. During the final weeks of treat-
ment we observed for the first time a marked improvement over longer intervals,
particularly where cauterization was additionally employed. We lost touch with
the child for follow-up since the family emigrated to the United States in April
1987.
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Results

It can be seen from Table 1 that, in contrast to bougienage, endoscopic electro-
resection was rarely employed before 1985. Since the resection device was im-
proved in 19895, electroresection is frequently performed, whereas dilatation treat-
ment is practically obsolete. Despite initially successful bougienage which, how-
ever, had to be carried out frequently (43 times), electroresection with the new
device finally had to be performed after 2 years in case 3. The device can be
favourably and easily applied in the development of granulation tissue at the
tracheostomy and, above all, at the anterior tracheal wall.

Discussion

Endotracheal electroresection can be performed with the smallest urological re-
section device [6]; cases 1, 3, 4). This device, however, has the drawback that it is
too short to reach beyond the subglottic region. Moreover, artificial ventilation
cannot be provided since the instrument has no integral airway. However, in
contrast to the adult size resectoscope so far available, the new device is consider-
ably thinner with an external diameter of 3.5mm together with the ventilation
tube, and is thus suited to severe tracheal stenoses. The mode of treatment de-
pends first on the kind of stenosis and second on its site (see Fig.2). We differen-
tiate between: (a) short stenoses of the mucosa (membranous stenoses); (b)
stenoses including the whole tracheal wall (short or long range); and (c) stenoses
caused by destruction or malacia of the cartilaginous skeleton, usually over a
longer distance. The procedure is influenced by the site of the stenosis, since distal
stenoses can be best treated by transverse resection with end-to-end anastomosis,
no matter how long they are [8, 15, 19].

The situation is different in subglottic stenoses. Here the length of the stenosis
is decisive for the choice of procedure. Tracheoplasty with complete separation of
the stenotic ring and cartilaginous interposition into the posterior tracheal wall
(modified according to Hof) seems to be the method of choice in long-distance
and severe subglottic stenoses [10]. Operation under 1 year of age, however, car-
ries a high recurrence rate.

Short-distance stenoses, particularly those affecting only the mucosa, can be
either dilated, electroresected or treated by laser [1, 3, 6, 12]. Cryotherapy is also
recommended [10, 13]. Bougienage is certainly the simplest method [3], but time-
consuming (in our patients often more than 50 sessions). As is the case in other
methods, bougienage can be successful only in short-distance stenoses. We have
no experience with cryotherapy. As far as kind of stenosis is concerned, laser sur-
gery and electroresection have similar success rates. Recurrence rate, which can
probably be lowered by adjuvant, high-dose cortisone treatment, is also similar in
both methods