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Preface

This operative manual is a joint venture between the Department of Surgical Paediatrics at 
The Royal Hospital for Sick Children in Glasgow and the Department of Paediatric Sur-
gery, All India Institute of Medical Sciences (AIIMS) in New Delhi. A total of 67 paedi-
atric surgical trainees and consultant mentors have authored chapters for the book, with 
additional contributions from leading paediatric surgeons from around the world, who are 
well known for their expertise in a particular operation. 

The operative manual aims to fill a niche in the surgical literature by providing concise, easy-
to-follow descriptions of 183 paediatric surgical operations and the basic operative techniques 
that are required to perform them safely. The manual is intended to be something akin to a sur-
gical ‘cook-book’, in that it describes very clearly, in a step-by-step sequence, the component 
parts of each operation. For ease of use, each chapter has been written in the same style, with 
a succinct, well-illustrated description of the operative technique, followed by further sections 
containing helpful tips and warning the reader about common pitfalls. 

The operative manual covers the majority of operations and techniques that a paediatric sur-
gical trainee could expect to be involved with at any level from interested spectator to first as-
sistant and finally, principal operator. We are not suggesting that trainees should perform all the 
operations included in this book, but we feel that no matter what their level of experience and 
hence involvement in an operation, a trainee should always go into theatre armed with a ba-
sic understanding of the operative steps and sequence involved. We hope that the operative de-
scriptions in the manual will not only help trainees prepare for cases in theatre but also serve 
as a useful revision tool for the FRCS (Paed Surg) exam and other Board exams worldwide.

The book starts with a ‘Basic Surgical Techniques’ section. This section takes the trainee 
through the preparatory stages of an operation, covering topics such as the ‘WHO Safe Surgery 
Checklist’, patient positioning, skin preparation and a ‘field guide’ to commonly employed sur-
gical instruments and their uses. Further chapters describe commonly used skin incisions and 
some of the skills and techniques that trainees should develop in theatre. The remainder of the 
book describes individual operations by organ system or anatomical region. The final chap-
ter of the book has been included to reflect the changes in the way in which paediatric surgi-
cal training is being delivered in the UK. This chapter provides the reader with an overview of 
the new paediatric surgery syllabus, with special reference to the operative competencies that 
should be developed by each stage of training. We hope that this will also be of interest to train-
ers in other countries.

It has not been our intention to provide information regarding underlying disease processes 
or their management and outcome, as these topics have been well covered elsewhere. We have 
excluded complex subspecialty surgery such as liver and bowel transplantation, neurosurgery, 
complex reconstructive orthopaedic surgery, and cardiac surgery as these procedures are best 
covered in large, specialist operative textbooks. Paediatric surgeons in the UK no longer per-
form some of the operations listed in the contents page. These cases are included for readers in 
countries such as India and parts of Europe, where paediatric surgery remains more generalised. 



We are cognisant of the fact that in surgery as in life, there are many paths to the same end. We 
do not profess that the operative techniques described in this book are the only way of achiev-
ing the intended outcomes of a procedure. The operative descriptions presented in this book are 
included because they are safe and effective. Furthermore the descriptions have been enhanced 
with tips and modifications, which have been learnt and developed by senior surgeons through 
years of personal experience. 

It has been a pleasure watching the operative manual evolve. We hope that you enjoy using 
it and that it helps you to develop a sound understanding of the operative techniques and pro-
cedures which underpin this most rewarding of specialties.

Robert Carachi			   Sandeep Agarwala� Tim J. Bradnock

Dr. Sandeep Agarwala and Robert Carachi

Salvatore CascioProf. Hock Lim TamTim J. Bradnock and family
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PART  A 

	 Basic Surgical 
Techniques



carried out consistently these steps have the po-
tential to reduce complications and make surgi-
cal care safer. The checklist has been designed to 
be applicable in a range of environments, from 
the most high tech to the most cost constrained. 

The checklist is divided into three sections: the 
‘sign in’, performed before the patient is anaesthe-
tised; the ‘time out’ immediately before surgery 
starts; and the ‘sign out’ immediately before the 
patient leaves the theatre. At each stage the entire 
team come together to discuss and agree on the 
relevant points before progressing.

An international, multicentre trial of the check-
list demonstrated an improvement in both mor-
bidity and mortality. Use of the checklist has since 
spread around the world and is now actively in use 
in 1,600 hospitals in more than 50 countries, and a 
further 2,000 hospitals have registered an interest 
in the checklist. There is growing evidence of its 
benefits, both in improving outcome for patients 
and for improving communication and teamwork 
in the theatre environment.

�Implementing the Checklist

The checklist is not intended to be fully compre-
hensive, and individual institutions are encour-
aged to make adaptations and additions in order 
to increase the relevance to their respective prac-
tice and environment. For example, an addition 
particularly relevant to paediatric surgical practice 
is to ensure adequate warming devices are in place.

For further information about the checklist, see 
www.safesurg.org and www.who.int/patientsafety. 

�Background

In recent years there has been a growing awareness 
of surgical care as an important public health is-
sue. A great deal of mortality and morbidity are 
caused by conditions that are amenable to surgi-
cal intervention. For these conditions to be treated 
successfully requires safe, efficient surgical facili-
ties and practice. 

One estimate puts the number of surgical pro-
cedures performed each year worldwide at 234 
million. If conservative estimates for complica-
tion rates of 3 % and mortality rates of 0.4 % are 
applied to this figure, then there are 7 million com-
plications and 1 million deaths each year related 
to surgical care worldwide. A proportion of these 
will be due to unsafe care; they are potentially 
preventable.

�Development of the Checklist

The World Health Organisation (WHO) Patient 
Safety body recognized the importance of unsafe 
surgery and the potential to improve surgical 
care worldwide and drew up their Safe Surgery 
Guidelines in 2007. A key component of the 
Guidelines is the recommendation to use a surgical 
checklist with every surgical procedure (see figure 
below). 

The checklist was not intended to introduce 
new steps to surgical routines. Instead it applied 
techniques from other high-risk activities, notably 
the airline industry, to create an evidence-based 
collection of simple, mostly cost-neutral, actions 
that should be performed for every procedure. If  

Iain Yardley (   )
Specialty Registrar in Paediatric Surgery, 
Clinical Advisor, World Health Organisation Patient Safety
E-mail: iyardley@doctors.org.uk
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�Further Reading

Haynes et al (2009) A surgical safety checklist to reduce 
morbidity and mortality in a global population. N Eng 
J Med 360:491–499
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�Extended Neck for Head and Neck 
Surgery

The patient lies on their back with a roll placed 
under the shoulders and the neck extended in the 
midline. This position is adopted for operations on 
the neck, e.g. thyroid and thyroglossal cyst.

�Dorsal Position

The patient lies on their back on the operating ta-
ble (Fig. 1). This is the position most commonly 
adopted in paediatric surgery. Arms should be 
kept at the side of the patient, with the use of 
curved supports.

�Trendelenburg Position

The patient is placed on the operating table in 
the dorsal position, but the table is tilted with a 
head-downwards slope (Fig. 2). The feet are now 
at a higher level than the head. This increases 
venous return from the body, but increases the 
risk of aspiration of gastric contents and may 
hinder diaphragmatic excursion. The head-down 
position can be used in central venous surgery to 
fill the internal and external jugular veins, and in 
pelvic surgery to displace the abdominal organs 
out of the pelvis. In a laparoscopic appendectomy 
the patient is usually positioned head down, with 
a left lateral tilt to help mobilise the small bowel 
from the pelvis and right iliac fossa, providing 
optimal exposure of the caecum and appendix 
base. 

In the reverse-Trendelenburg position (Fig. 3), 
the patient is tilted in the opposite direction, so 
that the head and chest lay superior to the lower 
limbs. This position may be used to facilitate ex-
posure of the upper abdomen during laparoscopy.

The key to an ordered and successful day in the-
atre is good communication among all the staff in-
volved. A briefing involving the surgeons, theatre 
staff and anaesthetists should always take place 
before starting the theatre list. It is good practice 
to discuss each case that will be performed dur-
ing the operating list. Important information that 
should be discussed for each patient includes sig-
nificant past medical history (e.g. malignant hy-
pertension), the optimal positioning on the table, 
the requirement for specialist equipment (e.g. fluo-
roscopy), the need for a diathermy pad, the site of 
the incision and whether antibiotics are required 
perioperatively. Any anticipated difficulties should 
also be discussed. In conjunction with a briefing 
at the start of the list, The World Health Organ-
isation Safe Surgery Checklist has been shown to 
reduce surgical morbidity and mortality and its 
use for each case should be strongly encouraged 
(see Chap. A1).

The position of the patient is as fundamen-
tal as is the initial incision. Good positioning and 
draping will allow optimal exposure of the oper-
ative field. For each position, any potential pres-
sure points where the skin overlies a bony prom-
inence should be protected with additional pad-
ding. In this chapter we discuss some of the com-
mon positions used in paediatric surgery.

A2  Positioning 5

A2	Positioning
�P. Sekaran and R. Carachi

A2

Prabhu Sekaran ()
Specialty Trainee in Paediatric Surgery
E-mail: Prabhu.sekaran@nhs.net

Robert Carachi
Professor of Surgical Paediatrics
E-mail: Robert.Carachi@glasgow.ac.uk

R. Carachi, S. Agarwala, T. J. Bradnock (Eds), Basic Techniques in Pediatric Surgery
DOI: 10.1007/978-3-642-20641-2_2, © Springer-Verlag Berlin Heidelberg 2013

mailto:Prabhu.sekaran@nhs.net
mailto:Robert.Carachi@glasgow.ac.uk


Fig. 1

Fig. 3

Fig. 2
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�Lateral Position

The patient is placed on their side with the arm 
on the side of the incision, lying forward and over 
the face, supported on an armrest (Fig. 6). Care 
should be taken to avoid dislodging the endotra-
cheal tube. The patient is secured to the edges of 
the table by using strong adhesive tape across the 
hips and shoulders to prevent the patient from 
rolling during the operation. This position may 
be used for posterolateral thoracotomies and open 
renal surgery.

�Lithotomy Position

The patient lies supine on the operating table. 
The thighs and knees are flexed and supported 
on stirrups (Fig. 4). Additional padding should 
be placed under the posterior compartment mus-
cles of the legs to reduce the risk of pressure ul-
ceration. The legs are secured onto the stirrups 
with crepe bandaging. This position is routinely 
used for cystoscopy, as it provides good exposure 
of the perineum.

�Prone Position

The patient is placed flat, face downwards on 
the operating table, with their arms at their side 
(Fig. 5). The face is supported with a head ring 
and the endotracheal tube position is safely se-
cured. This position may be used for closure of 
myelomeningocele and excision of sacrococcy-
geal teratoma.

Fig. 4

Fig. 5

Fig. 6
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•	 Position the patient appropriately before you 
scrub (see Chap. A2). Pressure areas should be 
protected. Ensure that the diathermy plate is 
safely attached. 

•	 Select an appropriate antiseptic solution. Povi-
done–iodine may be systemically absorbed in 
infancy and can disrupt the thyroid axis.

•	 Start by painting the site of the incision and 
work outwards from there (Fig. 1a). Paint 
‘dirty’ areas such as the umbilicus or groin last.

•	 With the second swab, work outwards again, 
but finish just within the area covered the first 
time. Do not touch unprepared skin with the 
second swab (Fig. 1b).

•	 If you are using sticky drapes, you may need 
to dry the outer margin to facilitate good fix-
ation. Be careful not to touch any unprepared 
areas with the drying swab.

•	 Square draping is the most commonly used 
technique (Fig. 2). Special techniques are used 
for some areas, such as the head, limbs and 
perineum (Figs. 3–5). 

•	 For the lithotomy position, move both legs 
symmetrically and simultaneously. Triangular 
drapes slide easily if the hypotenuse is held to 
the ceiling.

•	 Fixation of the drapes to the patient may be 
achieved by using self-adhesive drapes with 
sticky edges, securing tapes, towel clips or clear 
adherent films that cover the operation site. Al-
ternatively, the drapes may be sutured to the 
patient’s skin for the duration of the procedure.

Fig. 2

Fig. 1

a b
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Fig. 3 Fig. 4

Fig. 5

Tips

77 Allow time for alcohol-based solutions to evapo-
rate before making your incision.

77 Think where you may need to access in unex-
pected circumstances – for a laparotomy prepare 
from nipples to knees.

77 Be careful when removing drapes at the end of 
the procedure not to dislodge the endotracheal 
tube or intravenous lines.

77 Clean the patient before they wake up; seeing 
blood can distress children.

Common Pitfalls

77 When draping, avoid moving the drapes from 
dirty to clean. Always place the drapes well 
within the prepared area and move them from 
clean to dirty if required. 

77 Avoid pools of fluid near the diathermy. Be es-
pecially careful with alcoholic preparation solu-
tions, as pools can ignite.

77 Be careful not to catch the patient’s skin in towel 
clips.
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WILLIAM STEWART HALSTED

(1852 – 1922)
American surgeon and inventor of the surgical gloves

The first Professor of Surgery at John Hopkins, Halstead pioneered many innovations in the 
field of surgery: the surgical residency programmes, the careful and meticulous technique of 
operating, the green surgical scrubs and the use of gloves in surgery. Halstead’s scrub nurse 
was the able Caroline Hampton, for whom he had a soft spot. When he noticed that her 
hands were raw and chaffed from the sterilizing liquid mercuric chloride, he acted. He had 
the Goodyear Tyre and Rubber Company produce rubber protective gloves for her. Thereaf-
ter both Halstead and his surgical assistant started wearing gloves as well, and this became 
the norm. Halstead went on to marry Ms. Hampton, and the surgical gloves have become 
an effective tool in the surgical theatre.
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To enable clear communication with the scrub 
nurse, paediatric surgeons of every level of experi-
ence should familiarise themselves with the names 
and the uses of the surgical instruments at their 
disposal. This chapter aims to provide the reader 
with a field guide to the commonly used paediat-
ric surgical instruments and their uses.

�Surgical Instruments

•	 Rampley sponge-holding forceps
–	 For the application of antiseptic solution to 

the skin prior to draping

•	 Gallipots and kidney dish
–	 Surgical preparation dispensers
–	 Kidney dish used for handing instruments 

and for collecting samples as well
•	 Duff towel clips

–	 Hold together the surgical drapes after they 
have been laid out

Fig. 1  Rampley sponge-holding forceps

Fig. 2  Gallipots and kidney dish

Fig. 3  Duff towel clips

Fig. 4  Scalpel handle and disposable blades

Fig. 5  Adson tissue forceps (non-tooth)
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•	 Scalpel handle and disposable blades 
–	 Sizes 10, 11 and 15
–	For making incisions, dissecting and excis-

ing of tissues

•	 Adson tissue forceps (non-tooth)
–	 For handling delicate tissues and blood ves-

sels
•	 Adson tissue forceps (tooth)

–	 For holding skin, fascia and other tougher 
tissues

•	 Broad non-tooth forceps
–	 For tissue dissection, holding suture ends, 

vascular catheters and ventriculoperitoneal 
shunts

•	 Charnley–McIndoe forceps
–	 For tissue dissection, holding tough tissues 

and skin
•	 DeBakey vascular forceps

–	 For handling delicate tissues, hernial sacs 
and vessels 

•	 Monopolar and bipolar diathermy 
–	 For dissection and haemostasis (see 

Chap. A5)
•	 Quiver and probe 

–	 Quiver for holding diathermy instruments
–	 Probe for probing tissues and tunnelling 

catheters
•	 Army pattern modified hook retractor and 

Kilner–Lane (cat paw) retractors
–	 For retraction of skin and subcutaneous 

tissues
–	 Hook retractors also used for looping ves-

sels
•	 Langenbeck and Durham retractors 

–	 For retraction of subcutaneous tissues and 
deeper retraction during laparotomy 

•	 Malleable copper retractors and Deaver retrac-
tors 
–	 For deeper retraction during laparotomy 

and thoracotomy

Fig. 6  Adson tissue forceps 
(tooth)

Fig. 7  Broad non-tooth 
forceps

Fig. 8  Charnley–McIndoe forceps

Fig. 9  DeBakey vascular forceps

Fig. 10  Monopolar (left) and bipolar (right) diathermy
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Fig. 11  Quiver (left) and probe (right)

Fig. 12  Army pattern modified hook retractor (left) and 
Kilner–Lane (cat paw) retractors (right)

Fig. 13  Langenbeck (left) and Durham (right) retractors Fig. 14  Malleable copper retractors (left) and Deaver re-
tractors (right)

Fig. 15  Skin hooks (left) and Brodie hernia director 
(right) Fig. 16  Balfour retractor
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•	 Skin hooks and Brodie hernia director 
–	 Skin hooks for retracting and holding back 

skin
–	 For retraction and dissection, Brodie hernia 

director 
•	 Balfour retractor

–	 Self-retaining retractor for laparotomies
•	 Denis Browne retractor

–	 For retraction during major laparotomies 
and urology cases

•	 West self-retaining retractor
–	 For retracting thin subcutaneous tissues 

during relatively minor dissection includ-
ing groin surgery and lymph node biopsy

•	 Finochietto self-retaining retractor
–	 For retraction during thoracotomy, e.g. in 

open repair of oesophageal atresia and li-
gation of tracheo-oesophageal fistula

•	 Volkmann and Glasgow slotted spoons
–	 To debride necrotic tissue and debris from 

an abscess cavity, the Volkmann spoon 
–	 During an inguinal herniotomy to keep the 

vas and vessels safe during transfixion of the 
sac, Glasgow

•	 Allis forceps
–	For retracting and holding fascia 

•	 Babcock forceps
–	For holding bowel and mesentery

•	 Doyen bowel clamps
–	 Atraumatic clamps for holding, occluding 

and controlling the bowel during dissection, 
anastomosis and repair

•	 Protected bulldog clamps
–	 Used to occlude the bowel during anasto-

mosis, dissection and stoma formation
•	 Mixter forceps

–	 For fine dissection around the back of ves-
sels and other delicate tissues

•	 Straight and curved Kelly (or mosquito) artery 
forceps
–	 Small forceps used for dissection, retraction, 

and clamping of vessels or tissues
–	 Mosquito variant more delicate, with finer 

tips

Fig. 17  Denis Browne retractor

Fig. 18  West self-retaining retractor

Fig. 19  Finochietto self-retaining retractor
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•	 Crile-wood needle holders (8 and 6”)
–	For mounting needles during suturing

•	 Strabismus straight and curved scissors
–	 For sharp dissection and cutting tissues

•	 Iris scissors 
–	 For fine, sharp dissection and cutting

•	 Tenotomy scissors 
–	For delicate, sharp dissection

•	 Metzenbaum scissors
–	 For dissection of delicate tissues during lap-

arotomy and thoracotomy
–	Available in variable lengths

•	 Mayo scissors (straight and curved)
–	 Heavy-duty scissors for suture cutting and 

tissue division

Fig. 20  Volkmann (left) and Glasgow slotted (right) 
spoons

Fig. 22  Babcock forceps Fig. 23  Doyen bowel clamps

Fig. 21  Allis forceps
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Fig. 26  Straight and curved Kelly (or mosquito) artery forceps

Fig. 24  Protected bulldog clamps

Fig. 25  Mixter forceps
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•	 Catgut and nursing scissors
–	 Heavy scissors for cutting sutures and dress-

ings
•	 Urethral sounds

–	 For probing or dilating the urethra and ex-
ternal urethral meatus

•	 Handheld twist drill
–	For creating burr holes prior to ventriculo-

peritoneal shunt insertion 
•	 Glasgow pattern rongeur and Luer-Jansen ron-

geur compound action 
–	 Bone nibblers to define and prepare the 

edges of a burr hole
•	 Pennybacker elevator and Cobb spinal eleva-

tor 
–	 Used as periosteal and dural elevators

•	 Watson Cheyne dissectors
–	For fine dissection and dural elevation

•	 Subcutaneous tunnellers
–	 Available in a variety of forms 
–	 Tunneller on the left in Fig. 39 for passing 

ventriculoperitoneal catheters through the 
subcutaneous tissues

–	 Instrument on the right in Fig. 39 for tun-
nelling central venous catheters

Fig. 27  Crile–Wood needle holders (8” and 6”)

Fig. 28  Strabismus straight and curved scissors

Fig. 29  Iris scissors
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Fig. 33  Catgut scissors and nursing scissors

Fig. 32  Mayo scissors (straight and curved)

Fig. 30  Tenotomy scissors Fig. 31  Metzenbaum scissors
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Fig. 34  Urethral sounds

Fig. 35  Handheld twist 
drill

Fig. 36  Glasgow pattern rongeur (left) and Luer–Jansen 
rongeur compound action (right)

Fig. 37  Pennybacker el-
evator (left) and Cobb spi-
nal elevator (right)
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HOWARD KELLY 

(1858 – 1943)

American surgeon and designer of the artery clip

An alumnus of the University of Pennsylvania, where he taught obstetrics. Kelly moved to 
Johns Hopkins University when it opened its doors. He is one of The Four Doctors, the fa-
mous painting by John Singer Sargent of the four chiefs at Johns Hopkins University at that 
time. The other three Doctors are William Halstead (Surgery), William Welch (Pathology) 
and the great William Osler (Medicine).

Over the course of a stellar career he made many advances in the field of obstetrics and gyn-
aecology. A number of surgical procedures and instruments bear his name, including the 
most common surgical instrument known: Kelly’s forceps or clamp, also called the mos-
quito or artery clip.

Fig. 39  Subcutaneous tun-
nellers

Fig. 38  Watson Cheyne 
dissectors
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General Principles

Diathermy (dia [through] + therme [heat]) is a tool 
used by surgeons to effect coagulation and cutting 
of tissues. The passage of high-frequency alter-
nating current through the body causes a local-
ised heating effect, with temperatures in some cir-
cumstances reaching 1,000°C. The safety of dia-
thermy relies on the fact that neuromuscular tis-
sue (such as cardiac tissue) is only stimulated by 
low-frequency alternating current. At frequencies 
above 50 kHz, the muscle contractions observed 
at lower frequencies disappear. Surgical diathermy 
employs current frequencies between 400 kHz and 
10 MHz, allowing greater amounts of current to 
be used safely.

There are two types of diathermy used in sur-
gical practice, monopolar and bipolar.

�Monopolar Diathermy

Current is generated by transistors in the dia-
thermy machine and passed to a point or blade 
diathermy (Fig. 1), which is held in the surgeon’s 
hands. This acts as the small active electrode. Cur-
rent passes through the tip of the blade diathermy, 
causing localised heating effects. Residual current 
is transmitted through the patient and conducted 
away through the diathermy plate, which should 
be placed on an area of flat, non–hair-bearing skin 
such as the patient’s back or anterolateral thigh. 
The diathermy plate should have a large surface 
area suitable to the size of the patient (Fig. 2), 

which ensures that the current density remains 
low, and no local heating effect occurs through 
the body as the current exits. The diathermy blade 
has two buttons, blue for coagulation and yellow 
for cutting (Fig. 1). In cutting mode the diathermy 
blade generates a continuous output, which re-
sults in current arcing between the active electrode 
and adjacent tissue, resulting in instant vaporisa-
tion of water and separation of tissues. In coag-
ulation mode a pulsed output is generated, caus-
ing sealing of blood vessels and minimal tissue 
destruction. A ‘blend’ effect can be used in the 
cutting mode, to generate both cutting and coag-
ulation waveforms, which increases the degree of 
haemostasis. For accurate coagulation, the dia-
thermy blade can be applied to forceps holding 
the end of a vessel. It is important to familiarise 
yourself with the workings of the different types 

of diathermy machine (Figs. 3 and 4) and the ap-
propriate settings for infants and children of dif-
ferent sizes (Fig. 5).

�Bipolar Diathermy

Bipolar diathermy utilises a pair of fine forceps 
connected to the diathermy generator and does 
not require placement of a diathermy plate (Fig. 
6). One limb of the forceps acts as the active elec-
trode and the other limb as the diathermy plate. 
Current passes between the limbs facilitating ac-

Fig. 1
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