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5.1 Basic surgical techniques with special considerations on skin incisions
Anton H. Schwabegger

While in earlier decades skin horizontal incisions ex-
tending up to 30 cm with resulting unsightly scars were
not uncommon for surgical access across the anterior
thoracic wall and d�ecollet�e (Figs. 1 and 2), nowadays
incisions and therewith resulting scars of 3–10 cm usu-

ally suffice for the different techniques of correction
applied.
The conventional surgical accesses inmale patientswith
keel or in funnel chest deformity usually are set cen-
trally above the sternum. Although no evidenced data
are available so far, which kind of incision, whether
vertically, horizontally or with other distinct design like
lazy-S orW-shaped (Figs. 3–6) will lead to development
of the slightest and unrecognizable scar (Chapter 12.2).
Particularly the presternal region is well known and
accused to development hypertrophic scars or even
cumbersome keloids [4], even if one follows the criteria
of skin incision along the relaxed skin tension lines
(RSTL). However, within our own series of patients
operated on keel chest deformity, we have observed

Fig. 1. Large horizontal scars crossing the midline, funnel chest
surgery performed four decades ago

Fig. 2. Well-hidden scar at the inframammary crease, also
resulting from funnel chest surgery decades ago, but with still
very well visible stain within the d�ecollet�e

Fig. 3. Horizontal inconspicuous scars placed along the RSTL in
a 27-year-old man who received a horizontally placed custom-
made silicon implant into lower arch rib depressions, via the left
incision even a minor gibbus of the fourth and fifth left rib
cartilages parasternally could be resected simultaneously
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only a few partial hypertrophic scars but no keloids.
Above all, in the correction of keel chest deformities, the
continuous postoperative compression of the scar by the
keel chest brace (Chapter 7.4) over a period of 6–8weeks
may distinctly be responsible to work against such
disadvantageous development of hypertrophic scars
(Fig. 7) or keloids [6, 8]. On the other hand, relative
skin excess is generated through the skeletal reduction
of the cavity in the funnel or the convexity in the keel

Fig. 4. W-shaped central access for sternum elevation during
the MIRPE-procedure, scar fortunately remained soft 4 years after
the initial surgery. However, nowadays a scar within the sub-
mammary crease would be preferred

Fig. 5. Horizontal scar at the right side, this small incision,
enabled multiple cartilage resections of the second to the sixth rib
in an asymmetrical keel chest deformity without sternum
malrotation

Fig. 6. Arched incision for access to microvascular
sternum turn-over flap (Chapter 6.6.5) in extensive pectus
excavatum

Fig. 7. Vertically placed scar after extensive keel chest correc-
tion including horizontal sternum osteotomy. Notice the flat and
smooth part of the scar, exactly where the silicon pad of the keel
chest brace (Chapter 7.4) was placed for 8 weeks. The scar
extending the area of the pad cranially and caudally, thus left
without compression developed hypertrophic zones
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chest deformity, which relaxes thewound seaming from
any tension. Therefore the causing agents namely
wound tension, which is responsible for the excessive
collagen production are omitted and therewith any
hypertrophic scar development is circumvented too,
hypothetically. However, it is verywell knownclinically
but still without high-level evidence data, that com-
pression therapy on hypertrophic scars and keloids

definitely benefits their outcome and aesthetic appear-
ance [2, 6].
In female patients the skin incisions are placed into the
submammary crease, similar to the surgical access in
reductionmammoplasty (Fig. 8), therefore they are very
well hidden in a frontal aspect. The lateral incisions in
the MIRPE-technique are also placed into or along the
extensions of the submammary crease, where they
ideally can be concealed by bra (Figs. 9 and 10).
In the correction of the pectus carinatum or pectus
excavatum deformity, scars in the median line must be
avoided, i.e., the female d�ecollet�e should remain un-
touched by incisions in any case. This may impede the
access to the presternal region, especially when a hori-
zontal osteotomy of the sternum is necessary. However
with the experiences in reduction or augmentation
mammoplasty, this problem can be handled thoroughly
well. A specially angled blade and oscillating saw
applicable especially for that submammary access to
reach the sternum (Fig. 11) is described in Chapter 9.
For the case that simultaneously to a chest remodeling
access in female adults also mammary implants were
necessary, the correct planning of scar positioning may
become cumbersome. Herewith it has to be considered

Fig. 8. This patient had extensively deep pectus excavatum
operated at the age of 15, using amodified approachwith bilateral
submammary incisions remodeling of sternum and adjacent ribs,
additionally implantation of a pectus bar. Situation 1 year after
pectus-bar explantation at the age of 17 and moderately grown
breasts shows slight displacement of the scars to their undersur-
face, however well concealable by bra

Fig. 9. Definition of the submammary crease laterally during
MIRPE surgery to place the incisions exactly there. Preferably
these incisions should already bemarked in standing position prior
to surgery, to include the gravitational effect on the tissue, thus
presenting with a different location of the lateral and submam-
mary crease

Fig. 10. Lateral aspect of a 17-year-old female with inconspic-
uous scars for theMIRPE-procedure exactly placed into the lateral
breast fold
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that through the implant expansion of the mammary
gland tissue also skin distension will occur, leading to a
dislocation of the scar from the inframammary crease
further cranially and therewith scars come to lie at the
underside of the breast skin (Fig. 8). Therefore compre-
hensive experiences with the augmentation mammo-
plasty procedures are required in this simultaneous
correction to optimize the aesthetic outcome, which is
of major importance in the female patient particularly.
Disfigured and prominent, usually only aesthetically
disturbing rib arches, as far as they not can be corrected
by any central access, or are subject of solely isolated
treatment, are resected through separate incisions, ex-
actly following the lines of Langer or RSTL [1, 3, 5, 7].
The wounds of all incisions are closed by means of
intracutaneous running sutures only. Because usually
a relative surplus (Fig. 12) of skin emerges by reduction
of a cavity or a convexity, absorbable subcutaneous
sutures for the relief of skin tension are unnecessary,
because they are subject to produce localized necrosis
of subcutaneous fat with ensuing development of scar
contraction in the subcutaneous fatty tissue. Such
adherent and sunken scars (Fig. 13) then generate
so-called unaesthetical �eye-catchers� and persistent-

Fig. 11. Submammary access for horizontal sternum osteot-
omy in patients with either keel or in this particular case funnel
chest deformity, enabling subcutaneous approach of the oscil-
lating saw with an angle blade to the desired level of the
osteotomy

Fig. 12. Surplus of tissuewithout excision of excessive skin after
correction of pectus arcuatum causes skin folding

Fig. 13. Retracted scar in this slightly obese patient, potentially
caused by inappropriate suture technique with subcutaneous
fat necrosis and ensuing tissue loss with scar formation
subcutaneously
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ly direct the attention often more on itself than on the
previously existed deformity.
The aesthetically sensitive zone of the female d�ecollet�e
should, if possible,remain surgically untouched in any
case and therewith taboo for any scarring. Nearly all
surgical accesses to the sternum, to the parasternal rib
region even highly up until to the second or third rib are
manageable out from an access along the submammary
crease. On the one hand, connecting scars horizontally
between both breasts tend to develop scar contraction
and breast distortion. On the other hand, and in contrast
to scars along the submammary crease, such horizontal
scars crossing the midline are well visible (Figs. 1 and 2)
lifelong for others and for the patient when looking
downward or into the mirror. Thus the stigma of defor-
mity would only have been replaced through the stigma
of awell visible scar then,whichwouldmeannodefinite
improvement of body image and self worth.
With the implantation of custom-made silicone im-
plants, the scars at the chest should preferably come to
lie distant from themedian line, again to circumvent the
zone of probable scar hypertrophy or keloid formation,
and furthermore to avoid (Figs. 10 and 11 inChapter 6.5)
stigmatization of the central body aspect for aesthetic
reasons above all. In female patients the endoscopic
implantation of custom-made silicon blocks, which are
brought in through a periumbilical incision [4], repre-
sents an interesting alternative to avoid scars in the

breast area. For sure, the endoscopic preparation of the
recipient pocket via the distant access is a more skillful
and time-consuming procedure than a direct access, but
the aesthetic benefit especially for young and female
patients may be impressive.
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5.2 Positioning of patients during surgery
Anton H. Schwabegger

In almost all operations for the correction of thoracic
wall deformities, the patient is positioned supine on a
flat operation table, and he/she will retain this position
during the entire time of the intervention. A particular
exception is the correction of an asymmetric female
breast as far as this concomitant deformity is corrected
simultaneously in the same operation with the thora-
coplasty. Herewith the torso of the patient usually will
be erected up to 45� to estimate the natural form and
ptosis of the untouched contralateral breast, so that the
breast to be operated can be adapted optimally to that
relevant shape. An other exception from pure supine
positioning is necessary in harvesting of a latissimus
dorsi flap for the correction of a Poland-syndrome
exemplarily, pedicled or transplanted as a micro (neu-
ro)vascular flap (Chapters 10.1 and 10.3). In such cases
the position of the torso must either be solely elevated
[2] or entirely turned to a lateral decubitus position to
enable dissection of the latissimus dorsi flap as a partial
or entire flap to be transposed or transplanted. A further
exception is the surgery for pectus bar explantation in
children because herewith and in contrast to the more
laterally extended shape and overall rigidity of the
thorax in adults, the pectus-bar needs not to be bent
back to a straight shape, but rather can be extracted
from the thorax along the almost uniformly round-
curved shape of the implanted pectus-bar, with the
child positioned laterally [1] (Chapter 6.9).

5.2.1 Positioning during funnel
chest surgery

In the correction of the funnel chest deformity,
utilizing either the MIRPE, similar endoscopically
assisted semi-open or other techniques, the arms are
adducted (Fig. 1) at the shoulder and bent in the
elbow joints to cranial around 90� to gain sufficient
space for the manoeuvres of the endoscopy equip-
ment (Chapter 5.4 with Figs. 1 and 2 and Chapter 6.3
with Figs. 5 and 8). In addition also the placement of
a pillow underneath the thoracal spinal column is
recommended to elevate the thorax to some extent

and therefore to expand the overall maneuverability
of the thoracoscope (Figs. 1 and 2). Particular care
must be taken to a correct positioning of the arms, as

Fig. 1. Patient positioned for the MIRPE technique, both arms
are abducted and bent in the elbow joint in order to gain sufficient
space for maneuvers for the endoscope, the tunnelizer and the
pectus-bar implantation tools

Fig. 2. Intraoperative situs with arms adducted and bent at the
elbow joint in an adult tall male, undergoing pectus excavatum
deformity correction by a combined approach



brachial plexus lesions, temporarily or even perma-
nently may result from over-elevation or unintended
retroversion potentially lasting for hours in the cases
requiring complex remodelling.
For the particular cases that surgery is performed
according to the conventional technique of Ravitch
exemplarily and no additional lateral approach to the
thorax is mandatory, both arms will be adducted to
the torso for the purpose of relaxation of the pector-
alis muscles. Even the origins of the rectus abdominis
muscles are advantageously relaxed by that setting,
due to slackening of the entire thoracic cage, con-
secutively to relaxation of the Pectoralis major
muscles.

5.2.2 Positioning during keel chest surgery

In contrast to the positioning in the (minimally) invasive
funnel chest surgery in the correction of the keel chest
deformity both arms should be adducted to the torso in
order to relax the Pectoralis major muscles (Fig. 3). By
that means the muscle preparation is facilitated, inde-
pendently if either the muscles are conventionally ele-
vated as flaps from the skeletal thorax, or a muscle split
technique is applied to approach the rib cartilages [3].
Moreover, through this positioning, i.e., the adduction
of both arms, the lateral tension of muscles of the
shoulder girdle on the skeletal chest is minimized, thus
and as a consequence the rectus abdominis muscles
inserting on the lower rib arches are also relaxed. These
abdominal muscle insertions notably also have to be
dissected or split longitudinally for the access to the rib
cartilages along the inferior costal arch.

5.2.3 Positioning during surgery of other
deformities

The positioning in other thoracic wall deformities de-
pends on the necessity whether thoracoscopy is neces-
sary or not. In all interventions, that come alongwithout
endoscopic access, the positioning with adducted arms
is recommended in order to relax the thoracic cage and
thus to facilitate the surgical preparation of the ana-
tomic structures especially themuscles, butmoreover to
enable a proper anatomic repositioning of eventually
detached muscle flaps from the sternum and adjacent
ribs.
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5.3 Special anesthetic considerations in thoracic wall surgery: epidural
anesthesia, lung separation, and postoperative analgesia

G€unter Luckner, Gottfried Mitterschiffthaler, Martin W. D€unser

5.3.1 Introduction

According to North American data, the minimally in-
vasive reconstruction of pectus excavatum (MIRPE)
procedure is performed at an average patient age of
12.4 years [1]. In Europe, the corresponding mean
patient age varies between 17.6� 5.8 and 15.1 years
[2, 3]. Therefore, most anesthesias for the MIRPE pro-
cedure need to be performed in pupils and adolescents.
In majority of the cases, the MIRPE procedure, as
originally described by Nuss or as a combined semi-
open approach in adults, is performed for idiopathic
thoracic wall deformity, while some patients present
with iatrogenic thoracic wall deformity (e.g., following
cardiac surgery) or deformities secondary to connective
tissue disease (e.g., Ehlers–Danlos orMarfan syndrome).
Most patients with thoracic wall deformities do not
exhibit substantial lung function deficits [1]. A history
of exhaustion after limited exercise should prompt
preoperative spirometric testing.Most commonly, those
patients who show decreased lung function suffer from
a restrictive ventilatory pattern.
Preoperative cardiologic workup is indicated only in
symptomatic patients [4]. If thoracic wall deformity is
present secondary to cardiac surgery, recent cardiologic
reports should be checked and the administration
of antibiotic prophylaxis considered to prevent
endocarditis.
Patients with a keel chest deformity also undergo thor-
acoplasties with similar invasiveness to the skeletal
structures thus suffering frompostoperative pain.While
in these patients, in contrast to the MIRPE or similar
procedures, a conventional tracheal intubation is suffi-
cient, postoperative pain control is necessary likewise to
funnel chest surgery.

5.3.2 Pre-anesthetic consultation

During the pre-anesthetic consultation, a detailed
medical history is taken. It is especially important to

explore a history of abnormal bleeding or allergies. In
underage patients, written informed consent is ob-
tained from both patient and legal guardians. Patient
information and medical history must be meticulously
documented, especially concerning risks and benefits
of invasive procedures such as epidural catheter and
central venous line placement. In light of its para-
mount importance in postoperative pain management
for major surgery at funnel and the keel chest defor-
mities, placement of an epidural catheter should
always be scheduled as long as there are no contra-
indications [5]. Awake puncture is considered feasible
from age (10–)12 years, but should not be forced upon
the patient, and should always be discussed with both
the patient and his legal guardians. Adequate postop-
erative analgesia can also be achieved with continuous
intravenous infusion of opioids, provided that appro-
priate monitoring is available [6].
Also discussed are airway management using double
lumen tubes (DLTs), and the technique of ventilatory
lung separation [7, 20, 21, 26]. Additional compulsory
issues discussed during the preoperative consultation
are specific invasive procedures such as a central venous
catheter and arterial line, which are mandatory at our
institution considering the potential complications for
pectus excavatum surgery [8, 9]; these issues may be
omitted for pectus carinatum surgery.
Erythrocyte concentrates should be readily available for
transfusion. At our institution, we routinely have two
units on hand. Routine preoperative laboratory tests
include blood count, standard coagulation markers
(partial thromboplastin time, prothrombin time), and
serum biochemistry, but there is no evidence to support
the use of these laboratory tests.
Postoperative care should be scheduled for the first 24 h
to assure optimal monitoring, pain therapy, and
mobilization.
Patients are free to ingest clear fluids until 2 h preoper-
atively, and two sites for venous puncture are primed
using a eutectic mixture of local anesthetic (EMLA

�
)

plasters.



5.3.3 Anesthesia

On arrival in the operating room, the patient is wel-
comed by the anesthetist and positioned on the operat-
ing table. The sensitivity of young patients undergoing
this procedure is to be dealt with tactfully.

5.3.3.1 Thoracic epidural anesthesia

Thoracic epidural anesthesia is a segmental blockade of
autonomous and somatic nerves with an upper and a
lower sensory level. These levels need to be adapted for
the particular surgical procedure. The advantages of
thoracic epidural anesthesia do not substantially differ
for adolescents and adults [10] and include excellent
intraoperative analgesia without needing high-dose
opioid administration, and the postoperative provision
of continuous epidural analgesia [11–13].

General considerations for the loss-of-resistance
method used at the mid-thoracic level
Good knowledge of vertebral column anatomy is es-
sential in the performance of epidural anesthesia. The
distance between the ligamentum flavum and the dura
is approximately 2–3mm in the higher thoracic region,
and increases to 3–5mm in the lower thoracic region.
Spinous processes are angled almost horizontally at the
cervical levels, and downward between 40� and 70� in
the mid-thoracic region (Fig. 1). This angle, which may
interfere with the median approach to epidural catheter

placement, becomes less pronounced toward the lower
thoracic levels [14].
The puncture level is determined primarily by evaluat-
ing osseous landmarks. Most importantly, a line con-
necting the lower scapular angles indicates the level of
the seventh thoracic vertebra.
Before puncture, the skin and subcutaneous tissues are
infiltrated with local anesthetic to permit pain-free epi-
dural puncture. To ensure minimum discomfort for the
patient during epidural puncture, it is important to allow
sufficient time for the local anesthetic to take effect.
In children in whom an awake puncture is planned, the
puncture area can be prepared using a local anesthetic
cream or plaster (EMLA

�
).

Positioning and approach
Epidural catheter placement is performed in the moni-
tored patient (pulse oxymetry, electrocardiogram, and
non-invasive blood pressure) only after venous access
has been established. Puncture is performed in a sitting
position, with the patient bent forward, his elbows
resting on his thighs, and his head bent down. This
position helps bring the thoracic spine into a more
lordotic position, facilitating epidural access.
The patient should be made aware that sudden move-
ments may be detrimental. To ensure the patient’s
immobility, an anesthesia nurse supports the patient
from anterior.
The puncture set for thoracic epidural anesthesia and
the sterile gown for the anesthetist performing epidural
anesthesia are prepared before the patient is brought
into a sitting position.
In young schoolchildren under the age of 10–12 years,
we perform the epidural access under general anesthesia
in the left lateral decubitus positionwhile gently flexing
the patient’s vertebral column.
The paramedian approach can be performed at all
thoracic levels, whereas the median approach can be
technically difficult or impossible between the levels of
the third and ninth thoracic vertebra due to spinous
process configuration. For this reason, we primarily use
the paramedian approach.

Paramedian approach
We mark the central points of two adjacent interspaces
between spinous processes, and draw a line connecting
these points. From the mid-point of this line, the punc-
ture site is found by moving 1(–2) cm laterally. The
epidural puncture is performed at 15� toward the medi-
an sagittal plane, with the needle directed 50� cranial.
The angles cited here are only approximate values that

Fig. 1. The left hand is used to advance the needle and control its
depth of penetration below the skin. The right hand is used to
maintain pressure on the loss-of-resistance needle. Spinous pro-
cesses are angled downward between 40� and 70� in the mid-
thoracic region
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need to be tailored to the particular patient by the
experienced clinician.
About 1 cm below skin level, the needle’s stylet is
removed, and the loss-of-resistance syringe filled with
normal saline is connected to the needle. The left hand is
used to advance the needle and control its depth of
penetration below the skin.While the thumb and second
finger of the left hand are used to advance the needle,
the third to fifth fingers stabilize the needle against the
patient’s back. The right hand is used to maintain
pressure on the loss-of-resistance needle, but does not
assist in needle advancement (Fig. 1). The distance from
skin to epidural space shows considerable interindivid-
ual variability, and is about 3–6 cm in adults. Therefore,
loss of resistance may be encountered only after a few
centimeters.
In children, the distance from skin to epidural space can
be estimated using formulas originally devised for the
lumbar epidural space. At birth, the distance between
skin and lumbar epidural space is about 10mm, and
increases in a linear fashion with age. In older children,
Busoni’s formula is frequently used [(age in years�2)þ
10mm)] [15]. It should be remembered, however, that
these estimates are valid only for the lumbar epidural
space, and are only rough indicators for the distances
encountered in the thoracic region.
When the ligamentum flavum is penetrated, a sudden
loss of resistance is perceived, both to needle advance-
ment and to fluid injection.
On entering the epidural space, the catheter is threaded
approximately 4–5 cm into it.
Beforemeticulous fixation of the catheter, intravascular
or spinal misplacement should be ruled out. This is done
by excluding passive reflux of blood or cerebrospinal
fluid via the catheter and by attempting active aspira-
tion using a small (2 cc) syringe. It should be noted,
though, that even if reflux or aspiration of blood or

cerebrospinal fluid is absent, intravascular or intrathe-
cal catheter localization cannot be fully excluded.

5.3.3.2 Drugs and dosing for adolescents and adults

The volume of local anesthetic administered determines
the number of segments blocked and therefore the
longitudinal spread of epidural anesthesia. As an initial
dose in adults and adolescents, we apply 1.0–1.5ml of
local anesthetic per segment. In children, we use
0.75ml/kg body weight.
The concentration of local anesthetic is relevant to
block density. Local anesthetic administered at low
concentrations (ropivacaine 0.1%, bupivacaine
0.125%) primarily causes sympathetic and sensory
blockade, while administration of local anesthetic at
high concentrations (ropivacaine 0.2–0.5%, bupiva-
caine 0.5%) produces sufficient intraoperative analge-
sia and motor blockade. Local anesthetics used at
higher concentrations are therefore beneficial, if in-
traoperative muscular relaxation is desired in addition
to sensory blockade.
In the postoperative phase, small to medium concentra-
tions of local anesthetic are used for analgesia, which
should optimally spare motor function.
Addition of opioid to the local anesthetic has a syner-
gistic analgesic effect and therefore permits the local
anesthetic dose to be reduced.
The particular local anesthetic and its dosage are decid-
ed by the anesthetist performing the epidural puncture.
A dose overview of commonly used local anesthetics is
found in Table 1. In children, doses should be adapted
and maximum allowable doses kept in mind.
As an initial bolus, we use 8–15ml ropivacaine 0.2% (or
bupivacaine 0.25%) plus 100 mg fentanyl. For intrao-
perative maintenance, we use a perfusion pump work-
ing at 6–10ml/h. The perfusor may be prepared as

Table 1: Local anesthetics commonly used in epidural techniques under combined general and thoracic anesthesia – adults and
adolescents (>50 kg)

Anesthetic Concentration Initial bolus Intraoperative Baseline rate for patient-controlled
thoracic epidural analgesia (PCTEA)

Ropivacaine 0.2–0.5% 5–15ml plus opiate:
e.g. sufentanil 1mg/ml
or fentanyl 100mg

Repeated dose: Half of the initial
dose (approximately every 60–90min)
Continuous dose: 6–10ml/h
ropivacaine 0.2–0.5 %

Ropivacaine 0.2%þ e.g. plus
sufentanil 0.5mg/ml: 5–7ml/h;
bolus 2ml; lock-out time 20min

Bupivacaine 0.25–0.5% 5–15ml plus opiate:
e.g. sufentanil 1mg/ml
or fentanyl 100mg

Repeated dose: Half of the initial
dose (approximately every 60–90 min)
Continuous dose: 6–10ml/h
bupivacaine 0.125–0.5%

Bupivacaine 0.175%þ e.g. plus
sufentanil 0.5mg/ml: bolus 2ml;
lock-out time 20min
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follows: 50ml of ropivacaine 0.2% plus 100mg fenta-
nyl: 10ml of ropivacaine 1% plus 2ml of fentanyl
(100 mg), plus 38ml normal saline. This regimen permits
10–12 spinal segments to be blocked.
Spread of epidural anesthesia should be tested pre-
operatively. Spread beyond C8 causes sensory loss in
the small finger, and diaphragmatic function is lost
when local anesthetic blocks the fourth cervical
nerves.
Safe practice of thoracic epidural anesthesia is assured
only when the practitioner has a thorough theoretical
knowledge of indications, contraindications, and po-
tential complications entailed [16, 17]. Apparent or
potential complications such as signs of epidural space
compromise (motor weakness, backache, paresthesia,
paralysis, cervical rigor, and headache) should be read-
ily recognized and diagnosed by computed tomography
(CT) ormagnetic resonance imaging (MRI), and prompt-
ly managed. If epidural hematomas are not surgically
decompressed within about 6 h, neurologic recovery is
not likely. Knowledge of the mandatory intervals be-
tween administration of anticoagulants and insertion or
removal of epidural catheters is imperative [18, 19].
Anesthetist experience with slow injection of local
anesthetic under repeated aspiration after previous ad-
ministration of a test dose containing adrenalin is also
a prerequisite.

5.3.3.3 General anesthesia

After thoracic epidural anesthesia has been initiated, the
patient is brought into a supine position. For induction
of general anesthesia, we use propofol 2.5–3.5ml/kg
body weight, fentanyl 3 mg/kg body weight, and rocur-
onium 0.6mg/kg body weight. Complete muscle paral-
ysis is verified using a peripheral nerve stimulator.
Intubating conditions should be optimal when airway
management is performed using a DLT, because the risk
of injury is considerably increased when this device is
used [20] but most of the complications encountered
with double lumen tube placement (malposition, tra-
cheobronchial tree disruption, and traumatic laryngitis)
can be avoided by multiple repeatedly checkings on
tube position and by selection of appropriately sized
tubes.
Intubation using a DLT allows for ventilatory lung
separation [21]. During the Nuss procedure, the main
indication for separate lung ventilation is the optimi-
zation of surgical conditions. Experience in device
handling and tracheobronchial anatomy are essential
to safely perform DLT insertion. We use the PVC
Robertshaw model with no carinal hook (Broncho-

CathTMMALLINCKRODT). For thoracoscopic and extra-
pulmonary surgery, left-sided DLTs are generally re-
commended. These are available from size 26–41 Ch.
The tracheal diameter is considered a good indicator for
DLT size [22, 23]. In children under the age of 8–10 years
and in small adults, lung separation can alternatively be
performed with a bronchial blocker or deliberate left-
sided intubation using a conventional endotracheal
tube. The smallest available DLT has a size of 26 Ch,
corresponding to an endotracheal tube with an internal
diameter of 6mm.
Approximate size of DLT for adults:
– 35 Ch: <165 cm height,
– 37 Ch: 165–175 cm height,
– 39 Ch: 175–185 cm height,
– 41 Ch: >185 cm height, and
– smaller available sizes: 26/28 and 32 Ch.

Patient positioning and DLT intubation: For intubation,
the patient’s head is brought into a Jackson position,
while the entire patient is brought into a 15� reverse
Trendelenburg position. The patient’s teeth are pro-
tected with a gumshield. After laryngoscopic visualiza-
tion of the vocal cords, the left-sided DLT is advanced
into the trachea with the distal tip facing anterior.
Subsequently, the DLT stylet is removed, and the tube
rotated 90� counterclockwise. Now, the tube is gently
advanced until an elastic resistance is encountered.
When using a left-sided DLT, this is usually elicited by
fixation of the distal bronchial tube in the left main
bronchus. Now, the proximal (tracheal, transparent)
cuff is blocked first. To estimate depth of tube insertion,
the distance between the middle of the clavicle and the
carina can be measured on a chest radiograph [24]. The
gold standard, however, is fiberoptic verification of
DLT position [25, 26]. Introduction of the flexible fiber-
scope is possible via a universal adaptor (Mainzer
Universaladapter

�
, R€usch, Waiblingen). To this end, the

DLT’s tube adaptor is clamped proximally on its tracheal
limb, and the bronchoscope is inserted into the tracheal
tube. When the tracheal bifurcation and both main
bronchi are visualized, the anesthesia nurse blocks the
distal (bronchial, blue) tube in the left main bronchus.
The tip of theflexible fiberendoscope is positioned in the
distal orifice of the tracheal lumen to allowvisualization
of the DLT (Figs. 2 and 3). The figure shows the correct
position of the bronchial (blue) cuff just beneath the
tracheal carina in the left main stem bronchus, with
unobstructed view of the carina itself. To inspect DLT
position, a fiberendoscope with an outer diameter of
3.6mm is used. This endoscope allows verification of
position in DLT down to a size of 35 Ch. For smaller DLT
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size 26–32, an ultra-thin fiberendoscope with an outer
diameter of 2.2mm should be used. When the DLT is
correctly positioned, the inflated bronchial cuff can be
seen as a narrow blue crescent on the medial side of the
tracheal bifurcation. The DLT should be secured in this
position. However, in our opinion, the best method for
placing DLTs on first try was first described in 1996 by
Ovassapian. For this technique the tube is first advanced
only into the tracheal lumen. Then thefiber endoscope is
moved through the endobronchial lumen, until the
carina and mainstem bronchi are identified. Next, the
endoscope is advanced into the proper bronchus and,
using it as a stylet, the DLT is slid over the fiber
endoscope until the bronchial lumen comes into sight
ahead of the tip of the fiber endoscope. Finally, the fiber
endoscope is moved through the DLT’s tracheal lumen

to confirm that the position of the DLT is correct [27].
DLT stability can be enhanced by inserting an additional
Guedel tube. To exclude dislocation of the DLT (e.g.,
herniation of the distal cuff into the trachea), the posi-
tion should be repeatedly verified, especially after each
change in patient position and whenever oxygenation
seems impaired.
Immediately before the surgeon enters the thoracic
cavity, lung ventilation should be separated by clamp-
ing the proximal limb of the left or right limb of the tube
connector, and disconnecting the respective distal limb
(Fig. 4).
After DLT placement, a central venous catheter may be
inserted under ultrasound control via the subclavian or
internal jugular vein. A Foley catheter should be placed
to monitor urine output during surgery. After cannula-
tion of the radial artery, the anesthetic procedures are
completed.
Specific anesthetic responsibilities during surgery in-
clude routine verification of patient position, DLT
position, and temperature management. Anesthesia
can be maintained by continuous infusion of propofol
(1%, 30–50ml/h) and low-dose remifentanil (0.05–
01mg/kg/min), the latter to provide analgesia for posi-
tioning and tube tolerance.
Intraoperative fluid substitution is performed using
crystalloid solutions. For moderate surgical trauma,
approximately 3–5ml/kg body weight/h is infused. The
rate of infusion and the type of solution (crystalloid
versus colloid) need to be adapted to surgical progress
and the extent of surgical trauma [28] and necessitate
continuous communication between surgeon and
anesthetist.

Fig. 3. The tip of the flexible fiberendoscope is positioned in the
distal orifice of the tracheal lumen to the DLT

Fig. 4. Introduction of the flexible fiberscope in the proximal
limb of the right limb of the tube connector, and disconnecting the
distal limb of the DLT

Fig. 2. Depicts fiberoptic verification of left-sided DLT position
via the tracheal lumen, with correct position of the tracheal
(transparent) and bronchial (blue) cuffs
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During one-lung ventilation, inspiratory oxygen con-
centration is initially increased to 100%, and later
adapted to periodic blood gas analyses. The standard
ventilator setting for one-lung ventilation is approxi-
mately the same tidal volume as for two-lung ventila-
tion (10ml/kg). Respiratory rate is adjusted to maintain
normal paCO2 [29]. Nitrous oxide is not used during
one-lung ventilation or thoracoscopy. At the end of
surgery, the patient should be promptly extubated.

5.3.4 Postoperative patient management

Owing to the nature of surgery, pain management is the
most important postoperative concern. Continuous epi-
dural infusion of local anesthetic is the method of
choice, and the patient should be regularly evaluated
for block level, sufficient pain control, and adverse
events. Quality of pain therapy is evaluated using a
0–10 Numeric Pain Intensity Scale.
The standard epidural infusion at our institution is 0.2%
ropivacaine combined with 100 mg fentanyl (in 50ml
normal saline), administered at 6–10ml/h.
After the patient is transferred from the postoperative
intermediate care unit to the normal ward, epidural
infusion is continued in the form of patient-
controlled epidural anesthesia (PCEA) under the
supervision of the institutional pain service. The
epidural catheter should be checked regularly for
signs of infection and removed between the third
and fifth postoperative day.

References

[1] Croitoru DP, Kelly RE Jr, Goretsky MJ, Lawson ML,
Swoveland B, Nuss D (2002) Experience and modifica-
tion update for the minimally invasive Nuss technique
for pectus excavatum repair in 303 patients. J Pediatr
Surg 37:437–445

[2] Schaarschmidt K, Kolberg-Schwerdt A, Dimitrov G,
Straubeta J (2002) Submuscular bar, multiple pericostal
bar fixation, bilateral thoracoscopy: a modified Nuss
repair in adolescents. J Pediatr Surg 37:1276–1280

[3] Hosie S, Sitkiewicz T, Petersen C, G€obel P,
Schaarschmidt K, Till H, Noatnick M, Winiker H,
Hagl C, Schmedding A, Waag KL (2002) Minimally
invasive repair of pectus excavatum – the Nuss proce-
dure. A European mulitcentre experience. Eur J Pediatr
Surg 12:235–238

[4] Coln E, Carrasco J, Coln D (2006) Demonstrating relief
of cardiac compression with the Nuss minimally inva-
sive repair for pectus excavatum. J Pediatr Surg 41:
683–686

[5] St Peter SD, Weesner KA, Sharp RJ, Sharp SW,
Ostlie DJ, Holcomb GW 3rd (2008) Is epidural anes-
thesia truly the best pain management strategy
after minimally invasive pectus excavatum repair?
J Pediatr Surg 43:79–82

[6] Butkovic D, Kralik S, Matolic M, Kralik M, Toljan S,
Radesic L (2007) Postoperative analgesia with intrave-
nous fentanyl PCAvs epidural block after thoracoscopic
pectus excavatum repair in children. Br J Anaesth
98:677–681

[7] Fitzmaurice BG, Brodsky JB (1999)Airway rupture from
double-lumen tubes. J Cardiothorac Vasc Anesth 13:
322–329

[8] Croitoru DP, Kelly RE Jr, Goretsky MJ, Gustin T,
Keever R, Nuss D (2005) The minimally invasive Nuss
technique for recurrent or failed pectus excavatum
repair in 50 patients. J Pediatr Surg 40:181–186

[9] Vegunta RK, Pacheco PE, Wallace LJ, Pearl RH (2008)
Complications associated with the Nuss procedure:
continued evolution of the learning curve. Am J Surg
195:313–316

[10] Rodgers A, Walker N, Schug S, McKee A, Kehlet H,
van Zundert A, Sage D, Futter M, Saville G, Clark T,
MacMahon S (2000) Reduction of postoperative mor-
tality and morbidity with epidural or spinal anaesthe-
sia: results from overview of randomised trials. BMJ
321:1493

[11] Rigg JR, Jamrozik K, Myles PS, Silbert BS, Peyton PJ,
Parsons RW, Collins KS, MASTER Anaesthesia Trial
Study Group (2002) Epidural anaesthesia and analgesia
and outcome of major surgery: a randomised trial.
Lancet 359:1276–1282

[12] ParkWY, Thompson JS, Lee KK (2001) Effect of epidural
anesthesia and analgesia on perioperative outcome: a
randomised, controlled Veterans Affairs cooperative
study. Ann Surg 234:560–569

[13] Weber T, M€atzl J, Rokitansky A, Klimscha W,
Neumann K, Deusch E (2007) Superior postoperative
pain relief with thoracic epidural analgesia versus in-
travenous patient-controlled analgesia after minimally
invasive pectus excavatum repair. J Thorac Cardiovasc
Surg 134:865–870

[14] Koch T, H€ubler M (2003) Thorakale epidurale An-
sthesie und Analgesie. Arcis Verlag M€unchen,
pp 66–68

[15] J€ohr M (2004) Paediatric anaesthesia, 6th edn. Elsevier,
Urban & Fischer, pp 198–201

[16] Giebler RM, Scherer RU, Peters J (1997) Incidence of
neurologic complications related to thoracic epidural
catheterization. Anesthesiology 86:55–63

[17] Dahlgren N, T€ornebrandt K (1995) Neurological com-
plications after anaesthesia. A follow-up of 18,000
spinal and epidural anaesthetics performed over three
years. Acta Anaesthesiol Scand 39:872–880

[18] Gogarten W, Van Aken H, B€uttner J, Riess H, Wulf H,
B€urkle H (2007) Regional anaesthesia and thromboem-
bolism prophylaxis/anticoagulation – Revised recom-
mendations of the German Society of Anaesthesiology
and Intensive Care Medicine. An€asth Intensivmed
48:109–124

G€unter Luckner, Gottfried Mitterschiffthaler, Martin W. D€unser 99



[19] Krombach JW, Dagtekin O, Kampe S (2004) Regional
anesthesia and antikoagulation. Curr OpinAnaesthesiol
17:427–433

[20] Brodsky JB, Lemmens HJ (2003) Left double-lumen
tubes: clinical experience with 1,170 patients. J Cardi-
othorac Vasc Anesth 17:289–298

[21] Campos JH, Hallam EA, Van Natta T, Kernstine KH
(2006) Devices for lung isolation used by anesthesiol-
ogists with limited thoracic experience: comparison of
double-lumen endotracheal tube, Univent torque con-
trol blocker, and Arndt wire-guided endobronchial
blocker. Anesthesiology 104:261–266

[22] Brodsky JB, Macario A, Mark JB (1996) Tracheal diam-
eter predicts double-lumen tube size: a method for
selecting left double-lumen tubes. Anesth Analg 82:
861–864

[23] Hammer GB, Fitzmaurice BG, Brodsky JB (1999) Meth-
ods for single-lung ventilation in pediatric patients.
Anesth Analg 89:1426–1429

[24] Chow MY, Goh MH, Ti LK (2002) Predicting the
depth of insertion of left-sided double-lumen endo-
bronchial tubes. J Cardiothorac Vasc Anesth 16:
456–458

[25] Yasumoto M, Higa K, Nitahara K, Shono S, Hamada T
(2006) Optimal depth of insertion of left-sided double-
lumen endobronchial tubes cannot be predicted from
body height in below average-sized adult patients. Eur J
Anaesthesiol 23:42–44

[26] Cohen E (2004) Double-lumen tube position should be
confirmed by fiberoptic bronchoscopy. Curr Opin
Anaesthesiol 17:1–6

[27] Ovassapian A (1996) Fiber-optic endoscopy and the
difficult airway, 2nd edn. Lippincott-Raven, Philadelphia,
pp 117–156

[28] Morgan GE, Mikhail MS, Murray MJ (2005) Clinical
anesthesiology, 4th edn. McGraw-Hill, New York

[29] Szegedi LL (2001) Pathophysiology of one-lung venti-
lation. Anesthesiol Clin North Am 19(3):435–453

100 5.3. Special anesthetic considerations in thoracic wall surgery



5.4 Video-assisted thoracoscopy (VATS)
Paolo Lucciarini, Anton H. Schwabegger, Thomas Schmid

5.4.1 Introduction

Since the introduction of video-assisted thoracoscopy
(VATS), this endoscopic procedure has evolved to a safe,
standardized treatment supportingmodality also for the
minimally invasive repair (MIRPE) of congenital tho-
racic wall anomalies, namely for the surgical treatment
of pectus excavatumdeformity, nowadays performed in
numerous specialized surgical referral centers.
The minimally invasive placement of one or two indi-
vidually formed metal struts for reshaping a sunken
sternum with its adjacent ribs was initially described by
Donald Nuss in 1998 (Chapter 6.3), remarkably after a
follow-up period and cumulative experience of 10 years
[1, 2]. Concomitantly with the general technical devel-
opment of video-assisted thoracoscopic equipments
and increasing knowledge in thoracoscopic operations,
such as minimally invasive apical lung wedge-resec-
tions or evacuation of thoracic empyema exemplarily,
the MIRPE was developed. Pediatric and reconstructive
surgeons likewise [3–5] adopted endoscopic assistance
and control of instruments or pectus-bar hardware
implantation in pectus excavatum surgery. Its routine
use led to a marked reduction of intraoperative com-
plications, which are assumed but not reported along
with the first series of the MIRPE interventions. At that
time, the pioneer surgeons performed pectus-bar im-
plantation yet without assistance of an intraoperative
thoracoscope. Such complications were injuries of lung
parenchyma due to pre-existing pleural adhesions with
subsequent air leaks and/or hemorrhage, bleeding from
intercostal or internal thoracic vessels [6] during forced
placement of the metal bars, with shearing and disrup-
tion effects on intrathoracal tissue or improper place-
ment of the metal strut with late sequela. In exceptional
cases, life-threatening events and fatal outcome had
also been described only recently, mostly because of
injury to the heart and/or great vessels after uncon-
trolled hardware insertion or removal maneuver [7–14].
In particular, the assistance of VATS in the MIRPE of
adolescents or adults is of paramount importance, since
all thoracic wall structures at that age feature much

more rigidity than those in children. Because of such
restricted mobility of the anterior thoracic wall, nar-
rowed and rigid space for surgical maneuvers due to the
immobility of the sunken sternum and adjacent ribs is
usually existent in adults, notably in athletic males.
Therefore the endoscope is an utterly necessary tool to
provide with survey and a safeguard against potential
intrathoracal tissue damage during implantation of
instruments and final placement of the pectus bar.

5.4.2 Surgical technique

The patient is placed in a slightly overextended supine
position with a foamy pad underneath the shoulders for
proper exposition of the sunken sternum and deformed
anterior thoracic wall. The arms are abducted 90� from
the trunk (Figs. 1 and 2) on both sides to improve
maneuverability of the videoendoscopic system, with
attached camera, hooked light cable and electronic
wires. Double-lumen tracheal intubation (Chapter 5.3)

Fig. 1. Positioning of the patient for videoendoscopic access.
Arms are abducted with flexion at the elbows to gain sufficient
place for both the pectus-bar implantation and the endoscopic
maneuvers, postoperative view, notice the double-lumen tracheal
tube



especially in adults is mandatory and during setting of
the thoracoscopic ports on either side of the respective
lung is excluded from ventilation. This setting allows a
careful and entire exploration of the respective pleural
cavity and blunt dissection with or without electrocau-
tery of eventual adhesions between the visceral and the
parietal pleura under controlled intraoperative visuali-
zation (Figs. 3–8).
According to our experience, the use of a 5mm/30�

angled optical system is sufficient for a complete
exposure of both pleural cavities, also on the left side
where occasionally the heart, usually displaced by

Fig. 2. Intraoperative situation with the endoscope and the
pectus-bar flipper in place. This is a modified semi-open approach
with thoracotomy and necessary osteochondrotomy in a young
female adult with a rigid and deep deformity

Fig. 3. Endoscopic view of the right pleural space and deflation
with blocked right unit of the double-lumen tube. The round
dissector appearing at the intercostal space prior to perforation of
the parietal pleura

Fig. 4. Same view as in Fig. 3, immediately after perforation of
the parietal pleura. Notice almost no bleeding due to the blunt
dissection with the aid of the round tunnelizer

Fig. 5. Blunt preparation of visceral pleura and lung at the right
side toward the mediastinal fat and pericardium
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the sunken sternum, may render a sufficient over-
view more difficult. Also, 30� angled optics much
easily enable the observation of the thoracic wall
from the intrathoracal aspect during insertion (Figs. 4
and 5) and passage of the dissector or the pectus bar,
guiding its retrosternal passage maneuver (Fig. 5)
between the posterior aspect of the sternum and the
heart within the prepericardial fat pad (Fig. 6). In
addition, the phrenic nerve may clearly be identified
and preserved as the dissector and pectus bar pass
ventrally to it.

Subsequently implantation of the shaped pectus bar
firmly attached to the applicator from one to the other
side is also performed under thoracoscopic view (Fig. 7),
allowing eventual adjustments of bar position during
this maneuver and minimalizing any risk for injury to
adjacent structures and intrathoracal organs. In the case
of stabilization of the pectus bar utilizing circumcostal
sutures, the passage of the threaded Deschamps-awl
between the ribs may accurately be visualized (Fig. 8)
to avoid damage to the lung surface. Finally the correct
position of the placed pectus bar is controlled via
endoscope (Fig. 9) and potential bleedings or injuries
to the intrathoracal organs may be detected in due time.

Fig. 6. The round tip of the tunnelizer appears at the left side with
some pericardial fat elevated. The endoscope now is introduced at
the left side, with the right lung inflated and the left lung deflated

Fig. 7. The situation demonstrates a potential complication with
trapped pericardial fat at the pectus bar during implantation and
pull through. View at the right pleural space, immediately prior to
slipping through the right thoracic wall

Fig. 8. Endoscopic view at the left lateral thoracicwall, depicting
the threaded Deschamps-awl containing a strong suture for
circumcostal fixation of the lateral pectus-bar end

Fig. 9. Right pleural cavity with the pectus bar perfectly in place.
The internal thoracic vessels (running from the center of the
picture to the bottom left) remain undamaged
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Additionally and in contrast to 0� non-angled optics,
the flexibility of 30� angled systems is superior con-
cerning general intrathoracal overview andan extended
survey may be achieved just by simple rotation of the
optics along its longitudinal axis into the direction of
interest.
Two small skin incisions not extending 5mm and in
accordance with Langer’s cutaneous lines are made on
either side of the thorax, preferably at the eighth or
ninth intercostal space, at the extension line of the
anterior axillary fold (Fig. 2). Subcutaneous and muscle
planes are divided with small scissors and blunt perfo-
ration of the parietal pleura is then obtained, using
a small clamp and after alternating exclusion of venti-
lation on either side in close cooperation with the
anesthetist utilizing the technical properties of a dou-
ble-lumen tracheal respiration tube (Chapter 5.3).
Thereafter, a 5mm trocar–port is inserted through the
same incision and screwed into the pleural cavity. Care
must be taken to place the incisions and trocars on the
superior margin of the rib to avoid subcostal damage to
intercostal vessels and/or nerves with potential cum-
bersome neuralgia. In addition, a symmetrical align-
ment of both 5mm cutaneous trocar-port incision sites
should be aimed at for aesthetic reasons.
Gas insufflation during videothoracoscopy is not nec-
essary since the pleural space is very well accessible
after ventilation exclusion on the respective side, when
a double-lumen tracheal tube is used and thus tempo-
rary collapse of the right or left lung is obtained.
Because the left main bronchus is anatomically longer
than the right one, usually a �left-sided� double-lumen
tube is used by the anesthesiologist to perform alternat-
ing and separated ventilation of right or left lung
effectively.
Usually, there is no need for routine insertion of a chest
drainage tube ensuing the surgical procedure, except for
a potential collection of fluid or blood after placement
of the bar(s), or when an air leak at the lung parenchyma
is evident. In these cases, a 16 Charri�ere chest tube
generally is sufficient for effective postoperative fluid
evacuation and/or management of parenchyma air
leakage. It is inserted through the initially performed
5mm port incision, and fixed to the skin by strong
sutures. After radiologic chest control the chest tubes
may be removed on the second or third postoperative
day depending on the extent of fluid and/or air output
through the drainage. The patient is asked to hold breath
in expiration and the thoracic drainage is then quickly
removed, a swab with disinfectant ointment is subse-
quently applied at the orifice to avoid air aspiration
during drain removal. As an alternative, an air and

liquid tight, transparent adhesive tape may be placed
instead of the sterile swab, which enables visibility and
direct control of the small wounds. The patient should
thereafter rest in bed for 1 h with a firmly attached
wound dressing. In the asymptomatic patient chest
radiographic control is done only on the following day.
As mentioned above, potential complications like in-
traoperative hemorrhage may be detected early, when
VATS is routinely used during the MIRPE. Therefore,
a basic thoracotomy emergency set should be available
in the theater at any time during surgery, including
thoracic rib–retractors of different dimensions depend-
ing on patient age, vascular clamps, and lung grasping
forceps. Thus, successful and early management of
potential intraoperative complications may be achieved,
either by continuing in VATS or conversion to open
thoracotomy approach if necessary in major problems.
All these aspects have to be considered and discussed
with the patient preoperatively in detail, when selection
for the pectus-bar implantation is indicated, informa-
tion about the planned surgical procedure is offered,
and signing of informed consent is arranged. Particu-
larly, rare but potential intraoperative hemorrhage due
to damage to greater vessels or heart has to be men-
tioned. Eventual intraoperative surgical complication
management, with necessary extension of the minimal-
ly invasive access or even conversion to open surgery
must be explained to the patient accurately.

5.4.3 Conclusion

Nowadays the routine use of intraoperative videothor-
acoscopy in theMIRPE has to be strongly recommended
in specialized referral centers for surgical treatment of
extensive funnel chest deformity. Preferably, and espe-
cially in adolescents or adults, the videothoracoscopy
should be performed by a thoracic surgeon, who is
familiar with the use of such videoendoscopic equip-
ment during standard and complex operations in gen-
eral thoracic surgery. This surgeon should be able to
recognizepotential intraoperative complications (Fig. 7)
during the pectus-bar implantation, and must be capa-
ble and be trained tomanage such complications. That is
why an interdisciplinary approach is strongly recom-
mended especially in the cases with a higher prevalence
to complications, which rather likely occur in elder
adolescents and adults [14]. Furthermore this need for
interdisciplinary expertise and, in contrast to other
routine surgery, the lower number of pectus excavatum
cases that are treated, are strong arguments for focus-
sing the selection, indication setting, and performance
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of surgery as well as after treatment to specialized
referral centres, experienced with a sufficient high
number of cases treated per year.

References

[1] Nuss D, Kelly RE Jr, Croitoru DP, Katz ME (1998) A 10
year review of a minimally invasive technique for the
correction of pectus excavatum. J Pediatr Surg
33:545–552

[2] Nuss D, Kelly RE Jr, Croitoru DP, Swoveland B (1998)
Repair of pectus excavatum. Pediatr Endosurg Innovat
Tech 2:205–221

[3] Furukawa H, Sasaki S, William M, Sekido M,
Tsutsumida A, Oyama A, Yamamoto Y (2007) Modifi-
cation of thoracoscopy in pectus excavatum: insertion
of both thoracoscope and introducer through a single
incision to maximise visualisation. Scand J Plast
Reconstr Surg Hand Surg 41:189–192

[4] Hendrickson RJ, Bensard DD, Jarick JS, Patrick DA
(2005) Efficacy of left thoracoscopy and blunt medias-
tinal dissection during the Nuss procedure for pectus
excavatum. J Pediatr Surg 40:1312–1314

[5] Schaarschmidt K, Kolberg-Schwerdt A, Dimitrov G,
Straubeta J (2002) Submuscular bar, multiple pericostal
bar fixation, bilateral thoracoscopy: a modified Nuss
repair in adolescents. J Pediatr Surg 37:1276–1280

[6] Schwabegger AH, Jeschke J, Del Frari B (2008) A
rounded dissector to reduce complications in the mini-
mally invasive repair (Nuss) of pectus excavatum in
adolescents and adults. Thorac Cardiovasc Surg 56:
117–122

[7] Bouchard S, Hong AR, Gilchrist BF, Kuenzler KA (2009)
Catastrophic cardiac injuries encountered during the
minimally invasive repair of pectus excavatum. Semin
Pediatr Surg 18:66–72

[8] Hebra A, Swoveland B, Egbert M et al (2000) Outcome
analysis of minimally invasive repair of pectus exca-
vatum: review of 251 cases. J Pediatr Surg 35:252–257

[9] Hoel TN, Rein KA, Svennevig JL (2006) A life-threat-
ening complication of the Nuss procedure for pectus
excavatum. Ann Thorac Surg 81:370–372

[10] Leonhardt J, K€ubler JF, Feiter J, Ure BM, Petersen C
(2005) Complications of the minimally invasive repair
of pectus excavatum. J Pediatr Surg 40:e7–e9

[11] Marusch F, Gastinger I (2003) Life-threatening compli-
cation of the Nuss procedure for funnel chest-a case
report. Zentralbl Chir 128:981–984

[12] Moss RL, Albanese CT, Reynolds M (2001) Major
complications after minimally invasive repair of pectus
excavatum: case reports. J Pediatr Surg 36:155–158

[13] Onursal E, Toker A, Bostanci K, Alpagut U, Tireli E
(1999) A complication of pectus excavatum operation:
endomyocardial steel strut. Ann Thorac Surg 68(3):
1082–1083

[14] Gips H, Zaitsev K, Hiss J (2008) Cardiac perforation by a
pectus bar after surgical correction of pectus excava-
tum: case report and review of the literature. Pediatr
Surg Int 24:617–620

Paolo Lucciarini, Anton H. Schwabegger, Thomas Schmid 105


	Therapy
	5.1 Basic surgical techniques with special considerations on skin incisions
	References

	5.2 Positioning of patients during surgery
	5.2.1 Positioning during funnel chest surgery
	5.2.2 Positioning during keel chest surgery
	5.2.3 Positioning during surgery of other deformities
	References


	5.3 Special anesthetic considerations in thoracic wall surgery: epidural anesthesia, lung separation, and postoperative analgesia
	5.3.1 Introduction
	5.3.2 Pre-anesthetic consultation
	5.3.3 Anesthesia
	5.3.3.1 Thoracic epidural anesthesia
	General considerations for the loss-of-resistance method used at the mid-thoracic level
	Positioning and approach
	Paramedian approach

	5.3.3.2 Drugs and dosing for adolescents and adults
	5.3.3.3 General anesthesia

	5.3.4 Postoperative patient management
	References


	5.4 Video-assisted thoracoscopy (VATS)
	5.4.1 Introduction
	5.4.2 Surgical technique
	5.4.3 Conclusion
	References





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




