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 The adage “large incision, big surgeon” governed surgery for over 100 years. The larger the 
wound, however, the more skin, fascia, nerves, and muscles are transected, and the more mor-
bidity can be expected. 

 Surgeons from various domains have become fascinated by endoscopy, with its very low 
complication rates, high diagnostic yields, and the possibility of performing a large variety of 
therapeutic procedures. During the past 30 years, the number and diversity of endoscopic sur-
gical procedures has advanced rapidly, with many new methods for both diagnosis and 
treatment. 

 Since the breakthrough of endoscopic surgical procedures in medicine at the end of the 
1980s, there has been an enormous evolution in endoscopic surgery, not only in general sur-
gery but also in plastic surgery. Concomitantly, the equipment, endoscopes, and instruments 
also have evolved greatly. The main intention of this book is to give surgeons a reference to 
consult when they want to embark on endoscopic plastic surgical procedures that they have not 
carried out before. Indeed, this atlas is an educational resource not only for plastic surgeons in 
training but also for those well established in practice. 

 The book concentrates on explanations of techniques that are illustrated in detail. Experts 
from all over the world have contributed to the book. This fi rst edition of  Endoscopic Plastic 
Surgery Atlas  provides detailed, step-by-step instructions on how to perform state-of-the-art 
endoscopic surgical techniques in the complex fi eld of plastic surgery. More than 300 high- 
quality photographs help to clarify complex techniques throughout the book. 

 There is consensus that endoscopic surgery is more diffi cult than open surgery: the view is 
two-dimensional, the entrance ports are fi xed, and the tips of the instruments have only a very 
limited number of degrees of freedom of movement. No wonder that most endoscopic surgical 
procedures take longer and are more fatiguing for the surgeon. The question “Is it worth the 
trouble?” must be answered. Worth considering are the many advantages of endoscopic proce-
dures: smaller incisions and less tissue trauma, improved illumination and visibility, reduced 
blood loss, less postoperative pain, earlier mobilization, lower overall morbidity, easier opera-
tive approach in obese patients, earlier return to work and activities, lower complication rates, 
easier revision surgery because of less scar tissue, greater possibility of outpatient procedures, 
less need for postoperative pain medication, and lower costs due to shorter inpatient stays. 

  Endoscopic Plastic Surgery Atlas  represents a comprehensive description of the current 
endoscopic techniques in reconstructive and aesthetic plastic surgery. It supplies surgeons with 
all the information necessary to successfully accomplish an endoscopic approach to various 
plastic surgery procedures, from carpal and cubital tunnel release to breast augmentation and 
reconstruction, from migraine surgery to hyperhidrosis management, from facial aesthetic sur-
gery to fl ap and fascia lata harvesting, from mastectomy to abdominal wall surgery.  

    Parma ,  Italy      Edoardo     Raposio            
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      Endoscope-Assisted Brow Lift       

     Jan     J.     Stanek       and     Miles     G.     Berry     

        The brow-periorbita is a watershed region with a foot in two 
anatomical camps: The brow formally demarcates the limit 
of the face’s upper third, but the eyes are technically part of 
the middle third. Obviously the two are anatomically and 
functionally inseparable, a point emphasised recently by the 
appellation  brow-lid continuum  [ 1 ]. Moreover, the brow has 
been described as both more resistant to senescence than the 
mid and lower face [ 2 ], yet prone to premature aging [ 3 ] by 
reason of the periorbita’s more delicate skin and minimal 
subcutaneous padding. This conundrum may well be 
explained by regional anatomical differences: The thicker- 
skinned medial brow is actively supported by the frontalis, 
whereas the thinner lateral aspect lacks both intrinsic support 
and an antigravity muscle. 

 The evolution of brow lifting since its origin in 1919 has 
been well charted. Four key phases can be delineated 
(Table  1.1 ). The fi rst lasted almost 40 years and was charac-
terised by some form of direct excision [ 4 – 7 ]. The latter part 
of this time saw a decline in popularity because of poor lon-
gevity, a feature shared with the skin-only facelifts of the 
time. A paradigm shift ushered in the second era of muscle 
modifi cation, either directly [ 8 – 10 ] or indirectly through 
denervation [ 11 ]. The third phase was typifi ed by compre-
hending the importance of adequate ligamentous release 
[ 12 – 14 ]. The fourth and current era introduced the endo-
scope to plastic surgery [ 15 ,  16 ]. The improved vascularity 
of the endoscopically elevated forehead fl ap has further wid-
ened its application by permitting synchronous treatments 
such as CO 2  laser resurfacing [ 17 ].

        J.  J.   Stanek ,  MA, FRCS      •    M.  G.   Berry ,  MS, FRCS (Plast)      (*) 
  Surgical Aesthetics ,   60 Wimpole Street ,  London   W1G 8AG ,  UK   
 e-mail: mail@janstanek.com; info@milesgberry.com  
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   Table 1.1    Key landmarks in the evolution of surgical brow rejuvenation   

 Phase  Year  Author  Key contribution 

  Phase I:  
“excision” 

 1919  Passot [ 4 ]  First description of surgical brow elevation through various excisions, including temporal 

 1926  Hunt [ 5 ]  Coronal incisions both within and at anterior hairline 

 1930  Passot [ 6 ]  Direct superciliary incision with undermining and elliptical excision 

 1939  Fomon [ 7 ]  Forehead undermining and transection of pericranium 

  Phase II:  
“muscle” 

 1957  Bames [ 8 ]  Cross-hatching of frontalis to reduce its activity 

 1957  Edwards [ 11 ]  Frontal branch transection to address frontalis hyperactivity 

 1964  Marino and Gandolfo [ 10 ]  Modifi cation of frontalis and corrugator supercilii 

 1977  Kaye [ 9 ]  Frontalis and corrugator resection 

  Phase III:  
“release” 

 1976  Viñas et al. [ 12 ]  Elevation without tension via wide periorbital dissection and transverse galea-frontalis 
stripectomy 

 1979  Pitanguy [ 13 ]  Multiple transverse and vertical galeal releases in glabella region 

 1982  Owsley [ 14 ]  Comprehensive superior orbital rim release for durability 

  Phase IV:  
“endoscopic” 

 1992  Vasconez [ 15 ]  Initial presentation 

 1994  Isse [ 16 ]  First publication 

 1997  Ramirez and Pozner [ 17 ]  Synchronous CO 2  laser resurfacing 

mailto:mail@janstanek.com
mailto:info@milesgberry.com
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1.1       Surgical Procedure 

1.1.1     Preparation and Equipment 

  Fig. 1.1    A standard set of equipment for endoscopic brow lift       
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1.1.2         Markings 

  Fig. 1.2    Key markings showing the temporal line of fusion with cen-
tral and paramedian access ports at the hairline       
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1.1.3         Infi ltration 

a b

  Fig. 1.4    Infi ltration with a more dilute solution in the subperiosteal ( a ) and subtemporalis ( b ) planes to commence hydrodissection       

a b

  Fig. 1.3    Infi ltration of 2 % lignocaine with 1-in-80,0000 adrenaline for the incisions ( a ) and muscle ( b )       

 

 

J.J. Stanek and M.G. Berry



5

1.1.4          Incision and Initial Dissection 
of the Central Pocket 

a b

  Fig. 1.5    Incision is perpendicular to the skin and direct to the bone ( a ), followed by limited posterior subperiosteal dissection ( b ). This dissection 
is usually no more than 1–2 cm behind the hairline, depending on the forehead height and how much elevation is required       

a b

  Fig. 1.6    Subperiosteal central compartment dissection is performed blind, laterally to the temporal lines of fusion (TLF) ( a ) and inferiorly to 2 cm 
above the brow ( b )       
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1.1.5          Incision and Initial Dissection 
of the Temporal Pocket 

a b

  Fig. 1.7    The temporal incision is longer (2 cm) and runs perpendicular to a line subtended from the alar base through the lateral canthus ( a ). 
Temporal pocket dissection is also performed blind, but occurs on the glistening white, superfi cial surface of the deep temporal fascia ( b )       
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1.1.6         Connection of Pockets, Temporal Lines 
of Fusion, and Sentinel Vein 

a b

  Fig. 1.8    The central and temporal compartments are then connected under direct vision ( a ). The “sentinel” vein ( b ) is clearly seen in the lateral 
fat pad and is the marker for the frontal branch of the facial nerve, which courses immediately lateral       

a b

  Fig. 1.9    The central and temporal compartments are then connected ( a ) by dividing the temporal line of fusion ( b )       
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1.1.7          Inferior Periosteal Division and Open 
Muscle Disruption 

a b

  Fig. 1.10    Controlled subperiosteal dissection ( a ) yields a clean cavity, which allows for ready identifi cation of the supraorbital neurovascular 
bundle. Usually exiting from its own foramen, it is generally the fi rst neurovascular bundle to be encountered with a subperiosteal dissection ( b )       

a b

  Fig. 1.11    Once through the paramedian periosteum, the supratrochlear neurovascular structures may be sought ( a ). Gentle muscle disruption 
should be used, rather than incision ( b ), as these structures sit within the bulk of the corrugator muscle       
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a b

c

  Fig. 1.12    When these important structures have been identifi ed and preserved, the periosteum can then be released ( a ,  b ), as shown here by the 
periocular fat ( c ) as it sits within the bulk of the corrugator muscle       
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1.1.8           Closure and Fixation 

a b

  Fig. 1.13    An 8 Ch concertina drain is inserted into each side and brought out through the hair ( a ). Cortical screws (1.6 × 10–12 mm) have stood 
the test of time and are gently inserted into the outer table of the cranium, leaving only 2–3 mm protruding ( b )       
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1.1.9         Elevation 

a b

  Fig. 1.14    The degree of brow “lift” is determined by traction on the skin and anchoring behind the screws with skin staples ( a ). The remaining 
forehead incisions are closed similarly ( b )       

a b

  Fig. 1.15    A degree of temporal lift is provided, if required, by suturing anteriorly placed superfi cial temporal fascia (STF) ( a ) onto posteriorly 
sited deep temporal fascia (DTF) ( b )       
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1.2           Clinical Examples 

a b

c d

  Fig. 1.16    This patient made the common complaint that people commented on how tired she looked ( a ,  c ). The postoperative photos ( b ,  d ) 
 demonstrate the power of a brow lift alone to improve not just the mid third of the face, but the entire visage       
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a b

c d

  Fig. 1.17    Another use of the brow lift is demonstrated on this patient, 
whose congenitally low brow portrayed an angry appearance ( a ,  c ). In 
the postoperative photos ( b ,  d ), the brows have been elevated, their 

shape improved, and the apparent dermatochalasis managed without 
the need for upper blepharoplasty       
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1.3          Conclusions 

1.3.1     Philosophy 

 Endoscopic brow lift is now well established and is a reliable 
and repeatable technique provided certain fundamental prin-
ciples are followed:

•    Creation of three optical cavities (two temporal and one 
frontal)  

•   Controlled posterior subperiosteal dissection  
•   Arcus marginalis and lateral orbital ligamentous attach-

ment release as far as the lateral canthus, to enable cepha-
lad brow repositioning  

•   Variable attenuation of glabellar complex muscles pro-
portionate to their degree of hyperactivity  

•   Fixation performed routinely with temporary cortical 
screws. More marked asymmetry can be approached with 
the Endotine device (MicroAire, Charlottesville, VA, 
USA) or cortical bone tunnels     

1.3.2     Indications 

 Endoscopic brow lift is ideal in cases requiring elevation of 
the brow where visible scars are not welcome. It is particu-
larly useful for the aesthetically low brow and those who 
would benefi t from shape change along with elevation, such 
as the low and fl at brow in a female. If dermatochalasis is not 

severe, it also offers an alternative to upper blepharoplasty 
and the functionally low brow.  

1.3.3     Contraindications 

 There are no absolute contraindications, only relative ones in 
terms of performing the procedure. As the instruments are 
rigid, particularly long foreheads (>9 cm) and convex frontal 
bones are technically challenging. Though some believe that 
endoscopic brow lift may lead to hairline elevation, this has 
not been observed by the senior author. One reason is the 
controlled posterior dissection.  

1.3.4     Results 

 As with all aesthetic surgery procedures, expectations are 
key. In the author’s personal series of 810 patients [ 18 ], 
 revision was required revision in only 20 cases (2.5 %).  

1.3.5     Complications 

 Complications were rare in the author’s series [ 18 ]. Table  1.2  
compares those results with a large-scale survey of American 
surgeons [ 19 ] and a recent review article [ 20 ]. It should be 
noted that the survey of surgeons aggregated data from vary-
ing planes.

   Table 1.2    Summary of brow lift complications   

 Complication  Stanek [ 18 ], %  Elkwood et al. [ 19 ], %  Byun et al. [ 20 ], % (95 % CI) 

 Sensory dysfunction  0  0.6  6.2 (1.1–15.0) 

 Asymmetry  0.9  1.2  3.6 (1.3–6.8) 

 Recurrence/revision  1.6  1.8  2.4 (1.1–4.3) 

 Poor scarring  0  <0.1  1.5 (0.7–2.6) 

 Motor dysfunction  0  <0.1  1.5 (0.9–2.2) 

 Hematoma  0.2  <0.1  1 (0.3–1.7) 

 Infection  2  <0.1  0.4 (0.2–0.8) 

 Alopecia  3.4  2.9  – 

 Skin necrosis  0  –  – 

 Lagophthalmos  0  <0.1  – 

 Contour  0  <0.1  – 

  Summary of complications seen in a personal series of 810 [ 18 ], an American Society of Plastic Surgeons member survey 19], and weighted com-
plications by percentage derived from systematic review [ 20 ]  
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      Minimally Invasive Endoscopic Surgical 
Treatment of Headache       

     Edoardo     Raposio       and     Giorgia     Caruana     

        Migraine and tension-type headache are two very common 
disabling primary disorders [ 1 ]. Their high prevalence and 
great socioeconomic and personal impacts have been widely 
documented [ 2 ]. Although the prevalence and disabling 
nature of these disorders has roused the interest of many, 
these conditions remain widely underdiagnosed and under-
treated. Many headache sufferers are not helped by standard 
therapies [ 3 ], and the preventive and abortive pharmaceutical 
agents in use have been related to several adverse effects that 
are often very onerous. 

 Literature from the fi rst decade of this century showed a 
correlation between resection of forehead muscles, occipital 
muscles, or both and the relief of migraine headaches, renew-
ing notions of the disease’s pathogenesis and therapy [ 4 – 9 ]. 
The theory behind this evidence substantiates the possible role 
of neuronal hyperexcitability and infl ammation involving 
peripheral craniofacial nerves compressed by surrounding 
structures such as muscles, blood vessels, or infl amed areas. 
Authors believe that these nerves may serve as a migraine trig-
ger, and that these trigger points may be eliminated by surgery, 
thus providing a theoretical therapeutic approach to migraine 
[ 7 – 10 ]. This theory is better established for migraine than for 
other types of headache, but it has been shown that surgical 
treatment of trigger sites may also be benefi cial for some non-
migraine headaches such as tension-type headaches [ 11 ]. 

 Initially, patients who suffered from frontal migraine head-
ache due to muscle compression underwent a procedure devel-
oped by Guyuron et al. [ 12 ], in which hyperexcitability and 
infl ammation of supraorbital and supratrochlear nerves were 
eliminated through selective myotomies of depressor superci-
lii, corrugator supercilii, and procerus muscles, using a 

transpalpebral approach [ 13 ]. Other authors have confi rmed 
that this technique is quite effi cient and safe [ 14 ,  15 ], again sup-
porting the trigger-point theory with their surgical outcomes. 

 At the end of 2005, Walden et al. [ 16 ] concluded that a 
transpalpebral approach did not allow myotomies to be com-
plete, failing to remove more than one third of the corrugator 
supercilii muscle transverse portion. The whole corrugator 
supercilii muscle might be removed by means of an endo-
scopic approach, which was thus claimed to be more thor-
ough and appropriate for this purpose [ 16 ]. The use of 
endoscopic techniques similar to those aimed at rejuvenating 
the upper third of the aging face [ 17 ,  18 ] also succeeded in 
improving migraine and tension-type headaches, thus expand-
ing the indications for this surgical approach and the number 
of procedures potentially covered by plastic surgeons. 

 This surgical approach [ 17 ,  18 ] is usually performed 
under general anesthesia. It relies on 3–6 access incisions 
1.5–2 cm in length, located 1–2 cm behind the anterior hair-
line. Two distinct surgical instruments, an endoscope and a 
dissector, are generally used. 

 In an effort to reduce the invasiveness of the current endo-
scopic techniques, we described in 2014 [ 19 ,  20 ] a minimally 
invasive, endoscopic selective myotomy technique with a single 
access, performed with a specifi cally modifi ed endoscope (Karl 
Storz, Tuttlingen, Germany) and without the need for general 
anesthesia. In this minimally invasive technique for forehead 
headache treatment [ 20 ], local anesthesia is injected in the fore-
head, starting from the location of affected nerves (superciliary 
region) in order to perform an anesthetic block and decrease the 
pain related to further injections. A single 1.5-cm incision is 
then performed on the mid-line, behind the frontal hairline, 
through which skin and frontal muscle are undermined to reach 
the glabellar region, with the purpose of reaching the insertions 
of the corrugator supercilii, depressor supercilii, and procerus 
muscles. Eventually, the endoscope is inserted through the inci-
sion and the glabellar muscle group is bilaterally sectioned. At 
the end of the procedure, the cutaneous access is closed with 
absorbable suture, without any drainage, and a compressive 
bandage is positioned all around the patient’s head. 
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2.1     Surgical Technique 

  Fig. 2.1    With the patient supine and the head in a neutral position, 
frontal trigger nerves are located. Skin markings are drawn above the 
eyebrow bilaterally, at the mid-pupillary line (supraorbital nerve) and 
1 cm medially (supratrochlear nerve)       

a b

  Fig. 2.2    The patient is put under sedo-analgesia and selective supra-
trochlear and supraorbital nerve block is performed on both on the right 
side ( a ) and the left side ( b ) in the glabellar region, following the skin 

markings. This block allows the injection of local anesthetic into the 
forehead to be completed in a painless manner       

  Fig. 2.3    Diluted carbocaine 1 % + 8.4 % sodium bicarbonate are infi l-
trated throughout the entire forehead, between the glabellar region and 
about 2 cm behind the anterior hairline. The local anesthetic has a two-
fold objective: not only anesthesia but also undermining of the tissues 
and creating a space between the periosteum and adjacent tissues to 
facilitate endoscopic visualization       
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  Fig. 2.4    A cutaneous incision 1.5 cm long is performed 1 cm behind 
the anterior hairline along the midline, dissecting all tissues (cutaneous, 
subcutaneous, aponeurotic galea) until periosteum is reached in the 
subgaleal plane. This location is chosen so that the postoperative scar 
will be hidden in the patient’s hair       

  Fig. 2.5    Facilitated by the previous injection of local anesthetic, tis-
sues all over the forehead bilaterally are undermined in the subgaleal 
plane through the hairline incision by means of long scissors. 
Undermining must be done carefully, particularly when the inferior 
limit of the undermining area (superciliary region) is reached, in order 
not to damage supratrochlear and supraorbital nerves. The lateral ana-
tomic limit of the undermining area is the temporal region, bilaterally       

a b

  Fig. 2.6    ( a ,  b ), Nylon 1–0 sutures are placed in the superciliary region at each side of both supratrochlear and supraorbital nerves bilaterally, with 
the purpose of lifting the frontal skin during the endoscopic procedure and better visualizing the anatomic structures       
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  Fig. 2.8    The endoscope is inserted through the incision in the subga-
leal plane until the superciliary region is reached, in order to perform 
the section of the corrugator supercilii, depressor supercilii, and pro-
cerus muscles bilaterally, thus decompressing the supraorbital and 
supratrochlear nerves bilaterally. Our modifi ed endoscope (Karl Storz, 
Tuttlingen, Germany) consists of a 9-mm trocar with an air/insuffl ator/
suction triple valve, a straight Hopkins telescope with fi ber-light trans-
mission, a Wittmöser operating sheath with a connection for high- 
frequency diathermy, and a specifi cally designed, elliptical-tipped wire 
loop electrode for electrocautery       

a b

  Fig. 2.9    The modifi ed endoscope is used to perform endoscopically 
assisted section of the corrugator supercilii, depressor supercilii, and 
procerus muscles bilaterally, with the purpose of decompressing the 
supraorbital nerve, which is not injured during dissection. During this 
procedure, it is important to dissect every part of the muscle, which 

receives facial nerve fi bers responsible for contraction of the muscle 
itself, in order to prevent irritation to surrounding nerves from the mus-
cle’s movement. In these fi gures, the left supraorbital nerve is recogniz-
able before ( a ) and during ( b ) the dissection; it is located in the 
superciliary region, 1 cm medial to the mid-pupillary line       

  Fig. 2.7    To clean the subgaleal plane of blood and residual anesthetic 
fl uid, suction of the entire undermined forehead is performed through 
the hairline incision before inserting the endoscope and whenever the 
endoscopic view is not clear       
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a b

  Fig. 2.10    Right supratrochlear nerve before ( a ) and during ( b ) the 
endoscopically assisted section of the right corrugator supercilii mus-
cle. The supratrochlear nerve is located in the superciliary region, 
about 1.75 cm from the midline. Sections of glabellar muscles are 

performed at each side of both the supratrochlear and supraorbital 
nerves bilaterally. Endoscopic visualization is helpful in avoiding 
injury to the nerves and better identifying the muscles       

  Fig. 2.11    Surgical treatment of migraine and tension-type headache is 
also a useful procedure for occipital headaches, but headaches of this 
type require open surgery. In this patient, trigger sites have been identi-
fi ed in the greater occipital nerve (GON) bilaterally. Therefore, after 
performing local anesthesia, a horizontal occipital scalp incision 6 cm 
in length is performed along the superior nuchal midline to expose sub-
cutaneous structures. No trichotomy is needed, and the scar from the 
incision will be hidden in the patient’s hair       
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                   Conclusions 

 Before considering this type of surgery, it is essential that 
each patient meets the criteria for migraine and tension-
type headache as set forth by the International 
Classifi cation of Headache Disorders II (ICHD-II) [ 21 ]. 
Surgical treatment of headache is indicated for patients 
who are in good health and have experienced 15 or more 
frontal migraine headaches without aura (ICHD-II: 1.1), 
tension-type headaches (ICHD-II: 2.3), or new daily per-
sistent headaches each month (ICHD-II: 4.8) [ 20 ]. 
Patients who do not benefi t from any medications for their 
headache are also eligible for the surgery. Patients with 
cluster headache (ICHD-II: 3), episodic tension-type 
headache (ICHD-II: 2.1, 2.2), or secondary headaches are 
considered ineligible for this type of treatment [ 21 ]. 

 At the fi rst meeting with the surgeon, a detailed evalu-
ation is performed to confi rm the frequency, duration, and 
intensity of the headaches and to identify the most com-
mon focal (trigger) site of onset. Patients are then asked to 
complete a comprehensive headache questionnaire before 
the surgery and at least 6 months after the surgery, in 
order to evaluate the effectiveness of the surgical proce-
dure, the degree of reduction in pain and medication use, 
the eventual onset of new symptoms, or any adverse 
effect. Written informed consent must be obtained from 
all patients before surgery. 

 After surgery, patients usually report some degree of 
frontal numbness, which lasts for about 2–3 months 

and then disappears defi nitively. Some patients (20 %), 
depending on differences in cutaneous thickness, may 
present 1-cm frontal cutaneous scars, as a result of 
thermal injury in the region of the glabellar muscles. 
Hair thinning at the site of the endoscopic incision also 
may be observed, though it is infrequent (13.3 %). This 
thinning might be partially avoided by performing the 
scalp incision parallel to the orientation of the hair 
follicles. 

 A 5-year follow-up of surgical treatment of migraine 
headache has been described in literature [ 22 ], showing 
that 88 % of patients received benefi t from the surgery 
(29 % reporting complete elimination of migraine head-
ache and 59 % reporting a signifi cant decrease in their 
attacks). No signifi cant change was reported by 12 %. 

 After 2 years of follow-up, the minimally invasive 
approach yielded a total positive response of 93 %: 
33 % of patients reported complete elimination of their 
attacks and 60 % experienced signifi cant improvement 
(at least 50 % reduction in intensity or frequency). Only 
7 % did not notice a change in their headaches. 
Considering these data and the lack of major complica-
tions from the operation, endoscopic surgical treatment 
of migraine or tension-type headache can be considered 
a valid alternative to pharmacological treatment, espe-
cially for those patients who do not benefi t from those 
therapies or who have experienced serious adverse 
effects [ 20 ].     

a b

  Fig. 2.12    For occipital headaches with the GON as the main trigger 
bilaterally, the occipital muscle is dissected fi rst, then trapezius fi bers 
are divided and the muscle is minutely undermined, thus exposing the 
GON and the semispinalis capitis muscle, which is also undermined, 
following the nerve course as far as possible ( a ). The GON is then iso-

lated from the splenius capitis muscle, which is located laterally behind 
it, and from the occipital vascular bundle. Sometimes the occipital 
artery may be more distended than expected; its pulsing activity might 
be the cause of nerve irritation ( b )       
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      Endoscopic Harvest of the Fascia Lata 
for Facial Reanimation       

     Paul     M.     Rea       and     Stephen     Morley     

        Fascia lata is a band of tissue that comprises the deep fascia 
of the lower limb. It is attached superiorly to the sacrum and 
coccyx and laterally to the iliac crest. Anteriorly, the fascia 
lata is attached to the inguinal ligament and the superior 
ramus of the pubis. Medially it is attached to the ischium, the 
sacrotuberous ligament, and the inferior ramus of the pubis. 
The fascia lata becomes thickened over the lateral aspect of 
the thigh, forming the iliotibial tract. At its upper portion, it 
splits into the small tensor fasciae latae. Inferiorly, the ilio-
tibial tract is attached to the lateral condyle of the tibia. 
Inferior to this, the fascia lata is attached to all bony aspects 
of the knee joint. 

 As such, the fascia lata is superfi cial, making it easy to 
access surgically. It is a tough, highly collagenated sheath [ 1 ] 
with fi bers that run parallel to the axis of the lower limb [ 2 ]. 
It is relatively avascular and has a large surface area and an 
incredibly high tensile strength, making it ideal for use in 
static reconstructive surgery [ 3 ]. It has been used for many 
years in a variety of surgical procedures, especially static 
facial reanimation [ 2 ,  4 – 6 ]. The use of autogenous tissue 
avoids issues arising from the use of synthetic materials or 
donor tissue, including infection, granuloma formation, 
extrusion, or even late-stage failure of the material trans-
ferred [ 7 – 9 ]. 

 Conventionally, fascia lata has been accessed by a single, 
large incision on the lateral thigh, or by two or even three 
longitudinal incisions [ 10 ]. With a single large incision, 
unsightly scarring will be present, with a detrimental cos-
metic effect [ 2 ,  6 ,  11 ,  12 ]. The use of two or three incisions 
is effectively a blind dissection of the graft tissue, not allow-

ing for clear visualisation of the fascia lata for harvesting 
[ 6 ,  13 ]. 

 A variety of other techniques have been developed for 
accessing fascia lata, including the use of strippers and fasci-
otomies, as well as smaller incisions [ 6 ,  14 ]. Endoscopic 
techniques have been receiving attention for retrieving the 
fascia lata. As endoscopes are typically used in cosmetic pro-
cedures such as breast augmentation, facial rejuvenation, and 
orthopaedic operations [ 15 ,  16 ], their use seems a viable 
option. 

 Tucker et al. [ 17 ] successfully used an endoscopic tech-
nique to harvest fascia lata for the repair of a recurrent ven-
tral hernia. They inserted a 10-mm endoscope via a small 
incision on the lower lateral thigh. Using insuffl ation and 
electrocautery, a sheet of fascia lata measuring 12 × 15 cm 
was successfully retrieved. Another approach to endoscopic 
harvesting was used by Malhotra et al. [ 18 ], who used a 
4-mm rigid 30° endoscope to retrieve fascia lata measuring 
10–12 cm via two incisions on the lateral aspect of the thigh. 
The proximal and distal incisions permitted suffi cient access 
to harvest the fascia lata for brow lift and lower eye sling 
surgical interventions. 

 More recently, Rea et al. [ 19 ] have shown that endoscopic 
access to the fascia lata is perfectly feasible not only in the 
cadaver but also in the operative environment. They showed 
that the fascia lata could be harvested not only via two small 
incisions (one distal and the other proximal) on the lateral 
aspect of the thigh, but also via a single, proximal incision. 
This technique clearly minimises cosmetic effects on the 
patient’s thigh while achieving adequate tissue retrieval. 
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3.1     Indications for the Use of Fascia Lata 

 Fascia lata can be used for a variety of surgical interventions. 
It has been used for reconstruction of the anterior skull-base 
dura when it is accessed for resection of tumours or repair of 
defects (e.g., in fronto-naso-orbital or skull-base fractures) 
and when repair of a cerebrospinal fi stula is required [ 20 , 
 21 ]. Indeed, the use of fascia lata has been popular in many 
craniofacial procedures. It is typically used in the correction 
of lid, orbital, and facial deformities, including rhytidec-
tomy, cheiloplasty, blepharoplasty, brow lift, and soft tissue 
procedures [ 5 ,  10 ,  22 ,  23 ]. The use of fascia lata in static 
facial reanimation is becoming increasingly popular [ 4 ,  24 ]. 

 In addition, the fascia lata has proved benefi cial in recon-
struction of the knee, including the anterior cruciate ligament 
[ 25 ,  26 ], as well as for sacrocolpopexy procedures in women 
with vaginal vault prolapse after hysterectomy [ 27 ,  28 ]. It 
has also shown great durability and viability in a variety of 
urological procedures to maintain continence [ 29 ,  30 ] and in 
the reconstruction of abdominal wall and groin defects, 
along with its related muscle [ 17 ,  31 ]. 

 Fascia lata is ideal for autogenous transfer because of its 
great tensile strength, maintenance of presurgical length, and 
the fact that it incorporates well into surrounding tissue [ 4 , 
 13 ]. The resistance of the fascia lata has been cited as approx-
imately 3266 N, making it at least as strong as some of the 
synthetic materials currently available [ 25 ]. The traditional 
open access approach to the fascia lata created a number of 
problems, however, including unsightly scarring on the lat-
eral aspect of the thigh, postoperative haemorrhage, pain 
when walking, wound pain, and limping [ 12 ,  32 ]. If a large 
portion of fascia lata was harvested, muscle herniation could 
also occur [ 33 ]. 

 With the growing popularity of the endoscope in various 
surgical procedures, including ophthalmic and plastic recon-
struction [ 17 ,  18 ], it seems sensible as an ideal mechanism 

for harvesting fascia lata. Early studies of endoscopic access 
to the fascia lata reported good illumination; enhanced mag-
nifi cation at the site; and no hematoma, muscle herniation, or 
any other morbidity [ 17 ,  18 ] (Figs.  3.1 ,  3.2 ,  3.3 , and  3.4 ). 
Despite initial concern that operative time would be longer 
with endoscopic retrieval of the fascia lata than with the tra-
ditional open technique, the difference was shown not to be 
signifi cant [ 19 ].

      Fascia lata is now commonly used to provide static facial 
support in cases of facial paralysis. When the facial nerve has 
little or no function, the mid face develops ptosis or sagging 
and the modiolus tends to droop. The result is an asymmetri-
cal facial position at rest and oral incompetence, which cause 
great distress for the patient in regards to facial appearance 
and function. The affected side of the face can be lifted and 
supported by placing fascia lata slings under the skin to sus-
pend the modiolus to a suitable support, usually the zygoma. 
Other indications for fascia lata grafts include revision of 
other surgical procedures used to reanimate the paralysed 
face, such as if a free muscle transfer has been used to “dyna-
mise” a paralysed face but the position of the modiolus has 
slipped or was not suffi ciently lifted. In these cases, a strip of 
fascia lata can be placed over the muscle to provide addi-
tional lift at the modiolus. Using an endoscopic approach for 
fascia lata harvest, strips of fascia up to 14 × 3 cm—a size 
easily suffi cient for the technique of static facial slings—can 
be harvested from two small access incisions [ 19 ]. 

 With no complications, reduced morbidity, and no scar-
ring, it appears that the endoscopic approach to the fascia 
lata seems sensible to adopt into routine surgical procedures 
when access to this tissue is needed. For patients who are 
immunocompromised, elderly, or unable to undergo numer-
ous operations, the use of autogenous fascia lata is ideal 
[ 4 ,  26 ]. With minimal scarring and no morbidity associated 
with endoscopic access, the ideal operative situation has 
been achieved [ 17 – 19 ].  
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  Fig. 3.1    Proximal and distal skin incisions on the cadaver’s left thigh 
during experimental work undertaken to demonstrate the feasibility of 
endoscopic access for harvesting of fascia lata ( Image courtesy of  Mr. 
Stuart McNally.)       

  Fig. 3.2    Retrieval of the fascia lata using an optical dissector ( Image 
courtesy of  Mr. Stuart McNally.)       

  Fig. 3.3    Retrieval of the fascia lata strip through the proximal skin 
incision ( Image courtesy of  Mr. Stuart McNally.)       

  Fig. 3.4    Fascia lata taken from the cadaver in determining feasibility 
of endoscopic access for retrieval of the tissue. The scale bars include 1, 
2, 4, and 8 mm and 1 cm. The maximum amount of fascia lata tissue 
retrieved during the experimental procedure was initially 90 × 30 mm 
( Image courtesy of  Mr. Stuart McNally.)       
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3.2     Contraindications for the Use 
of Fascia Lata 

 The fascia lata should not be accessed for use in any recon-
structive procedure if there has been previous trauma to the 
fascia lata or surgical retrieval of it. It is always pertinent to 
consider surgically accessing a site far away from the site 
that needs to be operated on. It may be easier to use tempo-
ralis fascia, especially on facial procedures like ptosis sur-
gery. Surgery should not be performed until any infection at 
the site is satisfactorily treated [ 34 ].  

3.3     Complications 

 Table  3.1  summarises the complications that can arise when 
traditional open access to the fascia lata is attempted, and lists 
relevant discussions of these pathologies. Endoscopic access 
to fascia lata, on the other hand, produces no major complica-
tions. The very slight prolongation of operating time is likely 
to disappear when surgical teams have more experience with 
endoscopic access to the fascia lata. With the lack of morbid-
ity after the procedure, it makes sense to undertake the har-
vesting of the fascia lata by the endoscopic approach.

3.4        Surgical Technique 

 The surgery is performed under general or regional anaesthe-
sia with the patient in the supine position. For the harvest of 
fascia lata, a solution of local anaesthetic and adrenaline is 
infused around the upper, outer thigh in a volume depending 
on the amount of tissue to be harvested. The endoscope used 
to perform the procedure in all cases was the Karl Storz 
HOPKINS® ІІ Wide Angle Forward-Oblique Telescope 
(30°, 4 mm diameter, 18 cm length), and visual feedback was 
provided by a Karl-Storz Endoscope Tele Pack™ at 3× 
magnifi cation. 

 Two 1- to 2-cm lazy-S skin incisions are made approxi-
mately 10 cm apart on the lateral aspect of the donor thigh. If 
the length of graft required is 5 cm or less, a single incision 
can be made. Using small retractors, dissection is made 
deeply to expose the fi bres of the fascia lata, which should be 
clearly visualised as a tough, glistening layer in the base of 
the surgical fi eld (Figs.  3.3 ,  3.5  and  3.6 ). 

 A subcutaneous pocket is developed over the fascia to be 
harvested. This plane is usually fairly avascular, but bipolar 
cautery is used if required. Through the upper skin incision, 
a 2- to 3-cm incision of the underlying fascia lata is made 
perpendicular to the skin. Passing under the fascia lata on the 
proximal side, it is separated from the underlying vastus late-
ralis by using an optical dissector attachment such as a Karl 
Storz TAKE-APART® elevator and Karl Storz CLICKLINE® 
scissors (Fig.  3.7 ). It is also separated from the overlying 
subcutaneous tissue by the same means. Using the endo-
scope for visualisation, the fascia lata is cut, ensuring a strip 
2–3 cm wide all the way to the region of the distal skin inci-
sion for the desired length. The separated rectangular fascia 
lata strip, is then removed through the distal skin incision 
using fi ne forceps. Haemostasis is achieved using the endo-
scope and bipolar cautery. 

 The graft is defatted using scissors, and the recipient bed 
is prepared. If the graft is to be used as a primary static sup-
port, the length required is 12–13 cm. For revisionary proce-
dures, a shorter length is often suffi cient. 

   Table 3.1    Complications of open access to Fascia Lata   

 Complication  References 

 Reduction in muscle power  Amir et al. [ 13 ] 

 Visible scarring  Wheatcroft et al. [ 12 ] 
 Amir et al. [ 13 ] 
 Leibovitch et al. [ 2 ] 
 Zandi [ 11 ] 
 Kashkouli [ 6 ] 

 Wound pain  Barron and Saad [ 32 ] 
 Wheatcroft et al. [ 12 ] 

 Limping/weakness of harvested 
side 

 Dubiel and Wigren [ 33 ] 
 Wheatcroft et al. [ 12 ] 

 Bleeding  Dubiel and Wigren [ 33 ] 

 Wound dehiscence  Amir et al. [ 13 ] 

 Muscle herniation  Dubiel and Wigren [ 33 ] 
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 In the cheek, the local anaesthetic and adrenaline solu-
tion is infused subcutaneously. A pre-auricular, post-tragal 
incision is made and a tunnel is developed in the deep sub-
cutaneous tissues. A small nasolabial incision of (1.5–2 cm) 
is made and the sub-cutaneous pocket is developed to com-
municate with this incision. If lip support is also required, 
the pocket is developed behind the vermillion of the upper 
and lower lip to the midpoint of the mouth or slightly 
beyond. Small incisions (5 mm) are made in the upper and 
lower lip. 

 The fascia is secured distally with sutures and fi xed 
proximally to the zygomatic arch using a bone anchor 
(Fig.  3.8 ). Fixation to the temporoparietal fascia is also 
possible but is less secure. The aim of the fascial position-
ing is to achieve a slight overcorrection of the position of 
the modiolus during the operative procedure, to allow for 
some postoperative stretch of the graft and relaxation of the 
face (Figs.  3.9  and  3.10 ). 

 The time of endoscopic harvest averages 20 min, no lon-
ger than the typical open technique previously used. 
Complications related to the donor site using this technique 

are no higher than in an open approach. Potential complica-
tions include bleeding, infection at the donor or recipient 
site, and bulging or herniation of the vastus lateralis muscle 
through the resulting defects in the fascia lata. 

 The principle advantage to the patient with the endoscopic 
technique is shorter scars. The surgeon achieves an optimal 
view of the operating fi eld. The typical scarring related to fas-
cia lata harvest using a standard open technique would be a 
double 4-cm scar. Using an endoscopic assist, this scarring is 
typically either a single scar of 2–3 cm or two scars of 2 cm. 
This difference is particularly important in younger patients, 
where minimising scarring is an advantage. 

 When only a single incision is performed for endoscopic 
access, it is up to 75 % smaller than the incision used to per-
form an open procedure. In addition, there are no complica-
tions related to the donor site where endoscopic retrieval was 
undertaken. Endoscopic harvest of the fascia lata has been 
shown to be practical and straightforward, using a minimum 
of specialist equipment. The procedure lends itself to an 
endoscopic approach and is likely to gain widespread accep-
tance with improvements in instrumentation.

  Fig. 3.5    Proximal ( right ) and distal ( left ) skin incisions carried out in 
the initial approach to access the fascia lata using the endoscopic tech-
nique in the operative environment       

  Fig. 3.6    Subcutaneous dissection over superfi cial aspect of the fascia 
lata, facilitated by an endoscope inserted into the proximal access incision       

  Fig. 3.7    Dissection proceeds using an endoscopic dissector in combi-
nation with scissors, with endoscopic assistance       

  Fig. 3.8    The fascia lata strip has been secured to the upper and lower 
lip and is fi xed to the zygoma under appropriate tension       
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  Fig. 3.10    The same patient 6 months after surgery, following success-
ful endoscopic access to fascia lata and facial reanimation ( From  Rea 
et al. [ 19 ], with permission of Springer Science + Business Media; © 
2013 Springer-Verlag.)       

  Fig. 3.9    73-year-old female patient with a left-sided facial palsy fol-
lowing melanoma removal ( From  Rea et al. [ 19 ], with permission of 
Springer Science + Business Media; © 2013 Springer-Verlag.)       
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            Conclusions 

 For reconstructive purposes, autogenous tissue is prefer-
able to donor tissue or synthetic materials, as it will not be 
rejected and is not prone to problems such as granulomas, 
extrusion, or infection [ 7 ,  9 ,  34 – 37 ]. 

 Endoscopic access to the fascia lata permits harvesting 
of an adequate size of tissue. Tucker et al. [ 17 ] were able 
to successfully harvest a strip of tissue up to 12 × 15 cm 
for ventral hernia repairs. Similarly, Malhotra et al. [ 18 ] 
retrieved a strip of fascia lata measuring 10–12 cm via a 
single incision at either the proximal or distal aspect of 
the thigh. Rea et al. [ 19 ] performed endoscopic access on 
several patients and were able to harvest fascia lata strips 
measuring up to 14 × 2.5 cm via a single incision (or at 
most two, one proximal and one distal) on the thigh. Rea 
et al. [ 19 ] also recorded no postoperative complications. 
Compared with the previous large incisions and their high 
incidence of postoperative morbidity, endoscopic access 
for harvesting the fascia lata seems the sensible option to 
retrieve this tissue, from both a cosmetic and functional 
perspective.     
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      Axillary Endoscopic Breast 
Augmentation       

     José     Maria     Serra-Renom       and     José     Maria     Serra-Mestre    

        The use of the endoscopic axillary approach and the inser-
tion of a cohesive, anatomically shaped silicone implant at a 
subfascial or submuscular level is our technique of choice for 
breast augmentation, provided that neither mastopexy nor 
glandular remodeling is required. 

 In our opinion, the axillary approach presents signifi cant 
advantages over other alternatives. The use of endoscopy 
allows greater precision for controlling bleeding, creating the 
pocket, and detaching the pectoralis major muscle under direct 
vision. The scar is concealed in the highest fold of the armpit, 
not in the center of the breast, as it is with the periareolar 
approach, or in conspicuous sites, as it is if the access is via the 
inframammary fold (These scars are always visible in young 
patients, as a clear inframammary fold does not form until 
later). The axillary approach allows direct access to the subfas-
cial or submuscular planes, respecting the integrity of the 
mammary parenchyma, the Cooper ligaments, and of course 
the axillary lymph nodes. As the skin of the armpit is fi ne and 
elastic, after making the incision as far as the subcutaneous 
plane, we can mobilize the skin above the outer edge of the 
pectoralis major muscle without reaching the axillary fat. 

4.1     Surgical Technique 

4.1.1     Implant Selection 

 To choose the implant required, we measure the distance 
from the midline to the anterior axillary line, which is the 
width, and the distance from the sternal notch to the nipple, 
which is the height. We then use a ruler to measure the pro-
jection of the breast, estimated from the central point of the 
inframammary fold to the intersection with a vertical line 

descending from the nipple areola complex. We also record 
the thickness of the adipose tissue, which we estimate using 
the pinching test at the level of the second rib [ 1 – 3 ]. 

 In most cases, if the distance from the sternal notch to the 
nipple is less than 17 cm, we use a low high prosthesis. We 
use a moderate high prosthesis for distances between 17 and 
21 cm, and a full high prosthesis for distances over 21 cm. As 
regards projection, if is less than 2 cm we choose a full pro-
jection implant; between 2 and 5 cm, we use one with mod-
erate projection, and above 5 cm, one with low projection. 
We apply these guidelines for both round and anatomical 
prostheses.  

4.1.2     Submuscular Dissection Technique 

 When the amount of breast tissue available to cover the 
implant is small (less than 2 cm according to the pinching 
test), the submuscular plane prevents the edge of the prosthe-
sis from becoming evident in the upper quadrants of the 
breast. This is the case in about 75 % of the breast augmenta-
tions performed at our center. In addition, the use of an ana-
tomical prosthesis allows satisfactory fi lling of the upper 
breast pole and provides suffi cient volume and projection to 
the lower pole. 

 It is very important to place the patient correctly before 
starting surgery. The arms are extended and held in two arm 
boards at an angle of 90° at the level of the armpit. The glu-
teal region should coincide with the area where the table 
folds, so that the patient can be seated during the surgery 
without harming any anatomical structures. 

 Below we describe the sequence of the dissection, divided 
into areas [ 2 ]: 
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4.1.2.1     AREA I 
 First, an incision 4 cm long is made in the highest horizontal 
fold of the axilla (between the edge of the pectoralis major 
muscle at the front and the latissimus dorsi at the back). Then 
we continue the incision to a depth of 1 cm into the subcuta-
neous tissue (Fig.  4.1 ).

   Maintaining the skin in tension, we make a subcutaneous 
dissection corresponding to the hairy area (if present) of 

about 5 cm long, preserving a thickness of about 1 cm 
(Fig.  4.2 ).

   We perform the dissection this close to the surface so as 
not to affect the lymphatic drainage of the breast towards the 
armpit or damage the intercostobrachial nerve. After careful 
hemostasis, we mobilize the skin over the outer edge of the 
pectoral muscle (Fig.  4.3 ).

  Fig. 4.1    Axillary incision       

  Fig. 4.2    Subcutaneous dissection corresponding to the hairy area (if 
present) of about 5 cm       

  Fig. 4.3    Mobilization of the skin over the outer edge of the pectoral 
muscle       
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4.1.2.2        AREA II 
 With Metzenbaum scissors we open the plane between the 
pectoralis major and minor muscles (Fig.  4.4 ). It is important 
to follow the edge of the pectoralis major and to avoid going 
below the pectoralis minor; because of the pectoralis minor 
muscle’s signifi cant insertions in the third, fourth and fi fth 
ribs, the bleeding will be much greater if this limit is 
surpassed.

4.1.2.3        AREA III 
 Next, we introduce the index fi nger beneath the pectoralis 
major muscle and make a blunt dissection, feeling the pecto-
ralis major muscle above and the pectoralis minor below. If 
it is diffi cult to introduce the index fi nger, this means that we 
are below the pectoralis minor and we must start again. 

 We continue the digital blunt dissection towards the fourth 
rib, stopping when the muscle attachment is palpable 
(Fig.  4.5 ).

   We never perform muscle detachment in a blunt manner. 
We then place gauzes with warm saline solution, and create 
the same submuscular pocket on the contralateral side.  

  Fig. 4.4    Opening of the plane between the pectoralis major and minor 
muscles       

  Fig. 4.5    Blunt dissection towards the fourth rib       
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4.1.2.4     AREA IV 
 We insert the Serra-Renom [ 4 ] endoscopic retractor 
(Snowden-Pencer; Tucker, GA, USA) with a 10-mm 0° tele-
scope, and we use the coagulation and suction endoscalpel to 
detach the pectoralis major muscle at the fourth, fi fth, and 
sixth ribs (Fig.  4.6 ).

   When we reach the sixth rib, the muscle fi bers are tense 
because we maintain the retractor angled upwards 
(Fig.  4.7 ).

   We are therefore able to section them confi dently. We stop 
when we see the fat, so as not to injure the skin (Fig.  4.8 ).

   This section of the muscle fi bers of the pectoralis major 
muscle at the sixth rib runs from the axillary line to within 
1.5 cm from the sternal border. At the level of the medial 
insertions of the pectoralis major muscle, we never dissect 
above the fourth rib, so as not to section the perforating 
branches of the internal mammary artery and to avoid the 
risk of symmastia.  

  Fig. 4.8    Finalization of dissection on observing the subcutaneous fat, 
so as not to damage the skin       

  Fig. 4.6    Endoscopic dissection as far as the costal insertions of the 
pectoralis major       

  Fig. 4.7    Detachment of the pectoral muscle from its costal insertions       
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4.1.2.5    AREA V 
 In practically all breast augmentations, it is necessary to 
move the inframammary fold downward. We do this using 
blunt dissection with the Digman dissector under endoscopic 
view. As this area may bleed, we then perform hemostasis 
using the endoscopic scalpel if necessary.  

4.1.2.6    AREA VI 
 This area extends from the lateral edge of the pectoralis 
major muscle to the anterior axillary line and the outer lower 
quadrant. It is very important not to perform dissection with 
electrocautery, because this process may damage the sensory 
nerves that innervate the nipple areola complex; therefore, 
blunt dissection is performed using the Digman dissector 
under direct and endoscopic vision (Fig.  4.9 ). We then per-
form rigorous hemostasis.

   After creating the pocket as described above, we now 
insert the sizers. The sizers tell us whether the expectations of 
the patient can be met, which prosthesis is the best for the 

particular patient, and whether the two pockets are the same 
or if some minor retouches are required to achieve symmetry 
before inserting the fi nal implant. The sizer on one side cor-
responds to the width of the patient; on the other, the dimen-
sions of the sizer we insert depend on the patient’s 
expectations, as discussed during the preoperative interview. 

 We then insert the defi nitive implant and check that it is 
correctly positioned by endoscopic visualization of landmarks 
in the posterior part of the prosthesis (Figs.  4.10  and  4.11 ).

    We close the skin with subcutaneous stitches and an intra-
dermal suture. We place a moldable dressing, clearly mark-
ing the fold and the upper poles; with micropore tapes, we 
correctly defi ne the intermammary cleft. 

 It is very important that the patient should sleep in the supine 
position for the fi rst 2 weeks of the postoperative period. The 
patient is seen after 7 days, at which time the bandage is removed 
and a Velcro band is placed at the level of the second rib. 

 Figure  4.12  illustrates a clinical case of breast augmenta-
tion via the submuscular axillary approach.

  Fig. 4.9    Downward displacement of the inframammary fold and lat-
eral extension of the pocket with the Digman dissector       

  Fig. 4.10    Endoscopic visualization of landmarks in the posterior part 
of the prosthesis       

  Fig. 4.11    Checking and marking of the position of the landmarks in 
the prosthesis       
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c d

  Fig. 4.12    Clinical case 1. Breast augmentation via submuscular axillary approach. ( a ), Frontal preoperative image. ( b ), Preoperative profi le. ( c ), 
Frontal postoperative image. ( d ), Postoperative profi le       
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4.1.3         Subfascial Dissection Technique 

 We perform subfascial dissection in patients with abundant 
adipose tissue (more than 2 cm on the pinching test) who do 
not require large increases, and in professional athletes (ten-
nis players, climbers, and so on) who do not want to alter the 
pectoralis major muscle in any way. We have limited the 
indications considerably because the edge of the prosthesis 
in thin women with small breasts is highly visible in the 
outer upper and lower quadrants. There is also a risk of sym-
mastia in the long term, though it is rare. 

 The placement of the patient, the marking of the incision, 
and the subcutaneous dissection are all the same as for the 
submuscular approach (Figs.  4.13  and  4.14 ).

    After reaching the lateral border of the pectoralis major 
muscle, we make an incision in the fascia (Fig.  4.15 ) and 
perform dissection on the muscle fi bers and below the fascia 
of the pectoralis major muscle (Fig.  4.16 ), using the Serra- 
Renom endoscopic retractor (Snowden-Pencer, Tucker, GA, 
USA) with a 10-mm 0° telescope [ 4 ].

    The dissection of the muscle must be as atraumatic as 
possible to avoid tearing the muscle fi bers and to maintain 
the integrity of the fascia (Fig.  4.17 ).

   It is important to perform careful hemostasis throughout 
the dissection process. 

 On reaching the distal limit, the fascia is incised horizon-
tally with the endoscalpel at the level of the sixth rib, so it is 
already separated from the muscle. We then perform subcu-
taneous dissection down to the point where the new inframa-
mmary fold will be created. This dissection is carried out in 
a blunt manner so as not to injure the skin. 

 It is very important when making the pocket not to go 
further than 1.5 cm from the sternal midline, because of the 
risk of symmastia. At the lateral level, after passing the edge 
of the full extent of the pectoralis major muscle, we perform 
blunt dissection around the side pocket to avoid damaging 
the nerves that provide sensation to the nipple-areola com-
plex. After creating this pocket on either side, we perform 
rigorous hemostasis, which we verify by endoscopy. After 
using the sizers, we insert the defi nitive prostheses 
(Fig.  4.18 ), and check by endoscopy that the landmarks in 
the posterior wall of the implant are correctly positioned 
(Fig.  4.19 ).

    We then introduce a suction drain and close the skin with 
subcutaneous stitches and an intradermal suture. We attach a 
moldable dressing, clearly marking the inframammary fold, 
the upper pole, and the midline to strengthen the intermam-
mary cleft [ 5 – 7 ]. 

 Figure  4.20  illustrates a clinical case of breast augmenta-
tion via the submuscular axillary approach.

  Fig. 4.13    Axillary incision       
  Fig. 4.14    Mobilization of the skin over the outer edge of the pectoral 
muscle       
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  Fig. 4.15    Incision in the fascia       

  Fig. 4.16    Subfascial dissection       

  Fig. 4.17    Endoscopic subfascial dissection       

  Fig. 4.18    Introduction of the implant       

  Fig. 4.19    Checking and marking of the position of the landmarks in 
the prosthesis       

 

 

 

 

 

J.M. Serra-Renom and J.M. Serra-Mestre



41

a b

c d

  Fig. 4.20    Clinical case 2. Breast augmentation via subfascial axillary approach. ( a ), Frontal preoperative image. ( b ), Preoperative profi le. ( c ), 
Frontal postoperative image. ( d ), Postoperative profi le       
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4.1.4        Mammoplasty for Tuberous Breasts 
(Grade I–II) 

 For these cases of mild or moderate tuberosity (grades I–
II, according to Grolleau’s classifi cation) our paper pub-
lished in  Aesthetic Plastic Surgery  [ 8 ] described a new 
technique of breast augmentation via a transaxillary 
approach using endoscopy and radial cuts for expansion of 
the lower poles. This technique also applies an axillary 
subfascial approach as far as the new inframammary fold, 
as described above. 

 We use sizers to check for the double bubble. After choos-
ing the right sizer, if a double bubble is present, we mark the 
area with a felt pen and remove the sizer. Then, at the site of 
the old inframammary fold we section the fascia and con-
strictor ring, making cuts 1 cm deep, both vertically (to 
achieve expansion in width) and horizontally (to achieve 
expansion in height) (Fig.  4.21 ).

   The choice of prosthesis depends on the preferences of 
the patient, the need to correct the double bubble, and the 

adaptation of the glandular tissue. We stress the importance 
of inserting an anatomical prosthesis with moderate or high 
projection to obtain volume in the lower quadrants. 

 If a slight double bubble persists after the placement of 
the fi nal prosthesis, subcutaneous fat grafting at the level of 
the double bubble is particularly useful (Fig.  4.22 ).

   In this way we obtain satisfactory breast augmentation 
with correction of grade I–II tuberosity, and the scar is con-
cealed in the highest horizontal fold of the axilla. It is impor-
tant to note that these patients with tuberous breasts grade I 
and II are not previously aware of any alteration; they only 
want breast augmentation, and it is very important not to 
have to create scars or perform radical surgery in order to 
change the shape of the breast. 

 Figure  4.23  illustrates a clinical case of breast augmenta-
tion via the axillary approach in a patient with tuberous 
breasts.

   The approach described here cannot be used for grade III 
tuberous breasts, however. Open remodeling surgery is 
required for these patients [ 9 ].   

  Fig. 4.21    Horizontal and vertical sections to expand the mammary tis-
sue in a patient with tuberous breasts       

  Fig. 4.22    Fat grafting at the level of the double bubble, if it persists       
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  Fig. 4.23    Clinical case 3. Breast augmentation via axillary approach in tuberous breasts. ( a ), Frontal preoperative image. ( b ), Preoperative 
oblique view. ( c ), Frontal postoperative image. ( d ), Postoperative oblique view       
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    Conclusions 

 Our protocol for breast augmentation with anatomical 
prostheses via an endoscopic axillary approach (either sub-
fascial or submuscular) achieves highly satisfactory results. 
Great accuracy is required in the assessment of breast 
shape, height, projection, pinching test, width, and place-
ment of the new fold in order to select the appropriate pros-
thesis and obtain good results. Sizers are very useful to 
guide the choice of prosthesis. As a result, we obtain a sat-
isfactory breast augmentation with cohesive, anatomically 
shaped prostheses and excellent postoperative outcome. 
While respecting the integrity, lactation, and functionality 
of the mammary gland and without any alterations in the 
sensitivity of the nipple areola complex, we are able to 
reestablish a harmonious body image for the patient.     
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      Transaxillary Endoscopic Subfascial 
Breast Augmentation       

     Joseph     P.     Hunstad       and     Nicholas     A.     Flugstad     

        Transaxillary endoscopic breast augmentation (in the sub-
muscular pocket) was described by Price et al. in 1994 [ 1 ]. 
Compared with previously described blind transaxillary 
approaches, the transaxillary endoscopic approach maintains 
the advantage of inconspicuous scars and in addition affords 
direct vision for excellent control of the pocket dissection 
[ 2 ]. The endoscopic camera also allows a magnifi ed image of 
the dissection plane. The procedure does require additional 
equipment, setup, and possibly operative time compared 
with the two most popular non-endoscopic approaches, 
inframammary and periareolar incisions. 

 With the transaxillary endoscopic approach, saline or sili-
cone gel implants may be used. Transaxillary  endoscopic 

breast augmentation can be performed with implant 
 placement above or below the pectoralis major muscle. Graf 
et al. [ 3 ,  4 ] introduced breast augmentation in the subfascial 
plane via the transaxillary approach in 2000. The subfascial 
technique, in which the implant is placed in a pocket beneath 
the pectoralis major fascia and above the muscle fi bers, 
offers potential advantages over submuscular placement that 
include less animation deformity and possibly less displace-
ment of the implant over time [ 5 – 7 ]. Compared with sub-
glandular placement, subfascial placement may offer a thin 
but substantial additional layer of coverage to minimize 
implant visibility [ 8 ]. 
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5.1     Surgical Technique 

5.1.1     Setup 

 The required instruments are pictured in Fig.  5.1 .
   Endoscopic instruments include a 10-mm, 30° angled 

endoscope, endoscopic cautery and suction, Deaver retrac-
tor, strong curved Mayo scissors, and several blunt dissec-

tors. An endoscopic tower with high-resolution video 
monitor and adequate operating room space are required. 
The patient is under general anesthesia, positioned supine 
with her arms out at 90°. The endoscopic tower is set up at 
the foot of the operating table for ease of viewing when 
dissecting on the left and right sides. Prep and drape are 
done in the usual fashion, with the axillary area fully 
exposed.  

  Fig. 5.1    The typical instrumentation required for endoscopic subfascial breast augmentation. On the left is pictured the 30°, 10-mm endoscope 
with retractor       
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5.1.2     Patient Markings 

 The patient is marked in a standing position. The anterior bor-
der of the axillary fold is marked (Fig.  5.2 ), ensuring that the 
incision is placed posterior to this point. The incision is marked 

in an AP direction, in the apex of the axilla (Figs.  5.3  and  5.4 ). 
The anterior end of the incision must be 1–2 cm from the axil-
lary fold to prevent visibility. The midline is marked with a 
vertical line, and the inframammary fold and the outline of the 
planned dissection are then marked (Fig.  5.5 ).

  Fig. 5.2    First, the anterior border of the axillary fold is marked with 
the patient standing with her arms at rest. The incision should never 
extend anterior to this line       

  Fig. 5.3    The axillary apex is marked in the highest part of the armpit. 
This is done with the patient placing her hand on her hip and fl exing her 
pectoralis major muscle       

  Fig. 5.4    The planned incision is shown. It is 1–2 cm posterior to the 
anterior axillary fold to ensure invisibility with the arms in repose. An 
incision 4–5 cm in length is designed       

  Fig. 5.5    The planned outline of dissection. This patient’s inframam-
mary fold will be lowered. The incisions are invisible in this position       
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5.1.3           Procedure 

 A 2-0 nylon fi gure-of-eight suture is placed at the anterior 
end of the marked incision. This prevents skin tearing and 
inadvertent extension of the incision anteriorly during retrac-
tion and implant placement. The incision is made and the 
subcutaneous space is opened (Figs.  5.6 ,  5.7 , and  5.8 ).

     Curved Mayo scissors are used to spread the soft tissues 
until the pectoralis major fascia is visualized (Fig.  5.9 ).

   Spreading in this portion while exposing the muscle helps 
to preserve sensory nerves such as the intercostobrachial 
nerve [ 9 ]. For this reason, it is important to avoid posterior 
dissection within the axillary fat [ 10 ]. Once the pectoralis 
major fascia is exposed, the fascia is opened the muscle 
fi bers are exposed. The endoscope is introduced (Fig.  5.10 ), 
and the subfascial plane is developed.

   The subfascial plane is best dissected using fi rm traction 
with the retractor and electrocautery to release the fascia 
from the muscle (Fig.  5.11 ). The subfascial plane is not eas-
ily dissected bluntly, but we do reserve blunt dissection to 
adjust the pocket and lower the inframammary fold, if 
necessary.

   Hemostasis must be performed prospectively as dissec-
tion is done. The pocket is dissected superiorly, then laterally 
and inferiorly (Fig.  5.12 ).

   After precise pocket dissection, an infl atable or silicone 
gel tester implant is placed (Fig.  5.13 ).

   The patient is sat up and any areas of further dissection 
are marked and addressed with endoscope and cautery. 
With the patient sitting up, blunt dissection is used to per-
form any fi nal pocket refi nements. Meticulous hemostasis 
must be ensured, as any ongoing bleeding may be diffi cult 
to identify in the endoscopic approach. The permanent 
implant is placed, manually or with a Keller Funnel (Keller 
Medical; Stuart, FL). The surgeon must ensure that the 
implant is fully seated in the pocket. Vicryl sutures are 
used to close the pectoralis fascia, preventing axillary dis-
placement, and to close the subcutaneous layer. Finally, 
skin closure is performed with absorbable monofi lament 
suture.  

5.1.4     Postoperative Care 

 A surgical bra and bandeau are typically applied. The ban-
deau may prevent the implants from being displaced cepha-
lad in the postoperative period. We initiate range of motion 
exercises of the arms and shoulders in the immediate postop-
erative period. Lifting restrictions are maintained for 4 
weeks. Paper tape is placed on the incisions and replaced 
weekly for 2–3 weeks.   

  Fig. 5.8    The incision is made and the subcutaneous layer is opened 
with electrocautery       

  Fig. 5.6    The patient is positioned supine with the arms out at 90°. The 
endoscopic tower is set up at the patient’s feet for ease of viewing during 
dissection on each side. Care is taken to ensure that all equipment is prop-
erly secured and can be operated while standing on the right or left side       

  Fig. 5.7    The patient is positioned on the operating table with the arms 
out at 90°. The planned incision and area of dissection are shown       
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  Fig. 5.9    Spreading with a curved Mayo scissors is done to identify the 
fascia of the pectoralis major muscle       

  Fig. 5.10    With the space opened, the endoscope is introduced. The 
room is darkened to enhance visualization. The table height is adjusted 
to ensure a proper working position for the surgeon       

  Fig. 5.11    The electrocautery is used to elevate the subfascial plane. Firm 
retraction is required to develop this plane. The plane is very distinct       

  Fig. 5.12    View of the subfascial plane elevated; the pectoralis major 
fi bers are seen in the lower half of the picture       

  Fig. 5.13    The pocket is irrigated and the retractors are positioned. 
Sizers are placed and the patient is sat up to verify the pocket dissection. 
Finally, the permanent implant is placed manually in the pocket       
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5.2     Complications 

 Complications, such has infection, hematoma, and implant 
malposition are similar to those occurring with other 
approaches. It should be kept in mind that if a postoperative 
hematoma does occur, it may be diffi cult to view and control 
the bleeding endoscopically. In such a situation, the surgeon 
should have a low threshold for the use of an inframammary 
incision. Although unusual, most pocket revision surgery 
requires an inframammary approach. Some revision surgery, 
such as minor capsulotomy, capsulorrhaphy, or change of 
implant due to size preference can be safely performed endo-
scopically [ 11 ].  

    Conclusions 

 In our experience, endoscopic subfascial transaxillary breast 
augmentation is associated with natural, lasting results and 
high patient satisfaction (Figs.  5.14 ,  5.15 , and  5.16 ).

     Compared with traditional, non-endoscopic transaxillary 
methods, blind dissection and associated increased bleeding 
are minimized [ 10 ]. We offer subfascial placement to 
patients who have adequate breast tissue for implant cover-
age (typically >2 cm pinch test in the upper pole), ensuring 
that the superior edge of the implant will not be palpable. If 
the upper pole breast tissue is inadequate, a submuscular 
pocket should be considered. The endoscopic transaxillary 
approach is not practical for major revision surgery such as 
pocket change or total capsulectomy. Patients desiring pri-
mary breast augmentation who wish to avoid a scar on their 
breast may choose this procedure.     
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  Fig. 5.14    ( a – c ) Preoperative photographs of a 36-year-old woman with A-cup bra size who desired breast augmentation surgery via a transaxillary 
endoscopic approach. Her goal was to become a C-cup       
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  Fig. 5.15    Preoperative markings for the incisions and the areas of dis-
section are shown       

a b

  Fig. 5.16    ( a – e ) The same patient 14 months after transaxillary endoscopic subfascial breast augmentation with 286-mL Allergan Style 15 smooth 
silicone gel implants         
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e

c d

Fig. 5.16 (continued)
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      Endoscope-Assisted Partial Mastectomy       

     Nobuyuki     Takemoto      ,     Ai     Koyanagi      , 
and     Hiroshi     Yamamoto     

        Breast-conserving therapy (BCT) is currently the main-
stream treatment for stage I and stage II breast cancer. Two 
techniques are available for BCT: the conventional conser-
vative method (CCM) and endoscopic surgery. Endoscopic 
surgery has the advantage of improving cosmetic outcome 
and early postoperative quality of life, and alleviating 
postoperative pain. Because cosmetic outcome can have a 
substantial psychological impact on women who undergo 
breast cancer surgery [ 1 ], it is imperative that methods to 
improve cosmetic outcome be developed, particularly for 
lower tumor location, as CCM performed in this location 
often leads to residual deformity [ 2 – 6 ]. Our endoscopic sur-
gery, endoscope- assisted partial mastectomy (EAPM) with 
fi lling of the dead space using absorbable meshes (polygla-
ctin and cellulose), is a new technique based on the method 
described by Yamagata and Iwai [ 7 ]. In contrast to CCM, 
which leaves a large surgical scar on the breast, EAPM can 
be performed via a small incision on the areola, leaving only 

an inconspicuous surgical scar. Thus, this method minimizes 
postoperative deformity. 

 We have previously reported that EAPM is superior to 
CCM for postoperative cosmetic outcomes, especially for 
lower tumor location [ 8 ]. In our study, satisfactory results 
were obtained for only 18.8 % of the patients who under-
went CCM for lower tumor location, versus 68.6 % for 
upper location. The corresponding fi gures for EAPM were 
57.9 % (lower location) and 78.1 % (upper location). 
EAPM was signifi cantly superior to CCM for lower inner 
location (location B) (satisfactory results, 70.0 % vs. 
12.5 %;  p  = 0.025). As for individual analysis by each scor-
ing factor (breast retraction assessment, nipple deviation, 
atrophy, skin change, scar), EAPM performed better than 
CCM in regards to atrophy and scar. This chapter intro-
duces the surgical procedures of EAPM, together with a 
new dye method that we developed to identify sentinel 
lymph nodes (SLNs). 
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6.1     Surgical Technique 

 The patient is placed in a supine position on the operating 
table and a small pillow is placed under the back of the oper-
ating side of the patient. The arm on the surgical side is 
extended perpendicular to the body axis. The operator stands 
at the opposite side of the tumor, and the monitor is put at the 
tumor site. After the induction of general anesthesia and ster-
ilization of the operation site, a combination of indocyanine 
green 10 mg (Daiichi-Sankyo; Tokyo, Japan) and 8 mg 
indigo carmine (Daiichi-Sankyo, Tokyo, Japan) is injected 
into the subareolar region for SLN biopsy (Fig.  6.1 ).

   Next, the tumor is confi rmed by means of 7.5-MHz ultra-
sonography, and a mixture of indigo carmine (12 mg) and 
xylocaine jelly 2 % (2–3 mL) (AstraZeneca; Tokyo, Japan) is 
injected to mark the resection line of the mammary gland at 
12 point locations under ultrasound guidance, where the 
resection line is delineated further than 2.1 cm from the edge 
of the tumor. On the monitor, fl uorescence images (Fig.  6.2 ) 
are obtained by using Photodynamic Eye (PDE) (Hamamatsu 
Photonics; Hamamatsu, SP, Japan), and subcutaneous lym-
phatic channels are usually detected over the skin within 1 or 
2 min. When fl uorescence images are poor, additional mas-
sage of the injection point is useful.

   The subcutaneous lymphatic channels are marked on the 
skin, based on the PDE image (Fig.  6.3 ).

   A 2-cm skin incision (Fig.  6.4 ) is made near the point of 
disappearance of the fl uorescence under operating light 
conditions.

   After skin incision, the subcutaneous fat tissues are dis-
sected and the stained lymphatic channels are identifi ed. 
Stained lymphatic channels are carefully dissected and 
traced until the fi rst-drained lymph node is identifi ed. The 
blue-stained SLNs are resected by direct visual inspection, 
together with the surrounding fatty tissue (Fig.  6.5 ). Usually, 
two or more lymph nodes are identifi ed.

   If blue-stained SLNs cannot be identifi ed, the operating 
fi eld is directly inspected using PDE, and the fl uorescent 
lymph nodes are identifi ed. Figure  6.6  illustrates a case in 
which the blue-stained lymph node could not be identifi ed by 
direct visual inspection. Using the PDE, however, we were 
able to easily identify the SLN fl uorescence on the monitor.

   Fluorescence imaging is also used for postoperative SLN 
confi rmation, and EAPM is performed while the resected 
SLNs are pathologically examined by hematoxylin and eosin 
(HE) stain with frozen section. 

 The periareolar incision is placed at about 120°. From the 
incision, a Visiport™ Plus Optical Trocar (Covidien; Mansfi eld, 
MA, USA) with a rigid endoscope (Fig.  6.7 ) is inserted to cre-
ate a 160°-wide subcutaneous tunnel. The light at the tip of the 

Visiport™ is used to confi rm that the tip is inserted parallel to 
the skin and the breast tissue is being detached (Fig.  6.8 ).

    Using PowerStar Bipolar Scissors (Ethicon; Somerville, 
NJ, USA) or Harmonic scalpel (Ethicon Endo-Surgery; 
Cincinnati, OH, USA), the tissue between the tunnels is cut 
(Fig.  6.9 ), and a skin fl ap with a slight amount of fat is 
created.

   A vertical incision is placed at the marking point closest 
to the nipple, using an electrocautery to expose and cut the 
pectoralis major fascia. Between the fascia and the muscle, a 
Round-Preperitoneal Distention Balloon (PDB) (Covidien; 
Mansfi eld, MA, USA) is inserted, and the mammary gland is 
separated from the pectoralis major muscle (Fig.  6.10 ). The 
balloon is infl ated for 5 min (Fig.  6.11 ) and also serves for 
hemostasis.

    At this stage, the direct-vision scope is inserted into the 
balloon. If the PDB is inserted properly, the muscle fi bers of 
the pectoralis major muscle can be identifi ed on the monitor. 

 The next step is excision of the tumor. The nipple is cov-
ered with gauzes to prevent it from being burnt, and the loca-
tion of the tumor is reconfi rmed by palpation. Using an 
electrocautery, the mammary gland is cut vertically while 
connecting the marking points, so that the excised tumor is a 
cylindrical mass (Fig.  6.12 ).

   After thorough hemostasis, the mastectomized area is 
slightly sutured without inducing breast deformation. Vicryl® 
mesh (15 × 15 cm, Ethicon; Somerville, NJ, USA) wrapped 
in Gynecare Interceed™ (7.6 × 10.2 cm; Ethicon) is used to 
fi ll the remaining dead space (Fig.  6.13 ).

   The number of meshes depends on the resection volume. 
We fi ll the mesh loosely until the breast on the operative side 
is not dented in the supine position and symmetry of both 
breasts is achieved (Fig.  6.14 ).

   The surgical wound is closed by placing subcutaneous 
buried sutures using 5-0 PDS-II clear (Ethicon Endo- 
Surgery; Cincinnati, OH, USA). 

 The cosmetic outcome of patients who underwent EAPM 
is shown in Fig.  6.15a, b . Near symmetry of the breasts can 
be seen in both cases.

   In general, EAPM can be performed in all cases where 
BCT is indicated. The exceptions are cases with tumors fi xed 
to the skin or muscle, as EAPM applies skin-sparing partial 
mastectomy. Location of the tumor more than 10 cm away 
from the nipple is considered a relative contraindication 
because tissue detachment becomes too extensive with the 
periareolar approach, and suffi cient detachment may not be 
achieved. The important advantage associated with the 
 periareolar approach—the lack of a skin incision on the 
breast—thus may be undermined. In addition, although 
EAPM improves cosmetic outcome in BCT for tumors of 
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lower location in general, its performance may be limited in 
cases where the tumor is located in the lower-outer quadrant 
(location D). We have been unable to make fi rm conclusions 
regarding the utility of EAPM for tumors in this location [ 8 ], 
and we think that further investigation is necessary. 

 Among other benefi ts, EAPM has the advantage of not 
requiring reconstruction, as in oncoplastic surgery [ 9 – 11 ]. 
To fi ll the dead space after tumor resection, we use two 
types of absorbable meshes: Vicryl® mesh and Interceed™. 
The former, composed of poly-L-lactic acid, requires 6 
months to 1 year to dissolve and be absorbed [ 12 ]. The lat-
ter, a well- known material used in abdominal surgery, is 
composed of oxidized regenerated cellulose; it dissolves 
and is absorbed in 1–2 months [ 12 ]. The dead space 
becomes fi lled with the absorbable meshes plus reactive tis-
sue fl uid within 2–3 days after the insertion of the Vicryl® 
mesh wrapped in Interceed™. Foreign-body reaction 
occurs and promotes granulation and the formation of con-
nective tissue along the margin of the dead space. Within 
1–2 months after the surgery, the margin becomes suitably 
hard and the dead space forms a comparatively fi xed shape 
[ 12 ,  13 ]. Interceed™ prevents the adhesion of the Vicryl® 

mesh to the wall of the dead space and retraction of the skin 
into the dead space. 

 Complications associated with the mesh can occur, such as 
infection or overproduction of fl uid induced by the absorbable 
meshes. We previously reported the rate of mesh infection to 
be 11.2 %; all those who had mesh infection had unsatisfac-
tory cosmetic outcomes and had their mesh removed [ 8 ]. To 
reduce the infection rates, we introduced four new measures: 
(1) preoperative and postoperative antibiotics drip; (2) glove 
exchange before mesh insertion; (3) thorough washing of the 
dead space before mesh insertion; and (4) avoidance of EAPM 
in patients with uncontrolled diabetes mellitus, autoimmune 
disease, or steroid use. These measures halved the incidence 
of mesh infection but did not eliminate it entirely. 

 In our institution, SLN biopsy is performed with the 
mixed dye method using PDE. This method is basically the 
same as the dye method, but the PDE is used in conjunction 
with the dye for preoperative identifi cation of lymphatic 
channels, incision location, and intraoperative detection of 
nonstained SLNs [ 14 ]. This method is simple, reliable, and 
cost-effective, and is also feasible in institutions where the 
use of radioisotopes is limited.  

  Fig. 6.1    Dye injection into the subareolar region for sentinel lymph 
node biopsy       

  Fig. 6.2    Fluorescence images of the lymphatic channel on the 
monitor       
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  Fig. 6.3    Lymphatic channel marking on the skin based on 
Photodynamic Eye images       

  Fig. 6.4    Skin incision for sentinel lymph node biopsy       

  Fig. 6.5    Blue-stained sentinel lymph node       

  Fig. 6.6    Fluorescence image of operative fi eld       

  Fig. 6.7    Visiport™ optical trocar       

  Fig. 6.8    Detachment of subcutaneous tissue using Visiport™       
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  Fig. 6.9    Subcutaneous tunnel cutting using PowerStar Bipolar Scissors 
or Harmonic scalpel       

  Fig. 6.10    Round-Preperitoneal Distention Balloon       

  Fig. 6.11    Infl ation of the Preperitoneal Distention Balloon       

  Fig. 6.12    Partial resection of mammary gland using an electrocautery       

  Fig. 6.13    Inserted mesh (Vicryl® mesh wrapped in Interceed™)       
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  Fig. 6.14    Mesh insertion in the mastectomized area       

a b

  Fig. 6.15    The cosmetic outcome of patients who underwent 
endoscope- assisted partial mastectomy (EAPM). ( a ), A 47-year-old 
woman shown 3 years after surgery. The tumor (invasive ductal carci-
noma, size 22 × 25 × 12 mm) was located at the 3 o’clock position in the 

left breast. ( b ), A 55-year-old woman 5 years after surgery. The tumor 
(invasive ductal carcinoma, size 18 × 25 × 22 mm) was located at the 11 
o’clock position in the left breast       
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    Conclusions 

 The unique feature of EAPM is the maintenance of cos-
metic outcome by insertion of absorbable meshes without 
unnecessary skin incisions or excisions, as in radical 
BCT. EAPM has the advantage of not requiring recon-
struction, as in oncoplastic surgery, and has the additional 
benefi ts of simplicity and cost-effectiveness. 

 Although CCM often leads to residual deformity for 
lower tumor locations, EAPM can improve cosmetic out-
come, especially for tumors in location B. The perfor-
mance of EAPM for tumors in location D is limited, 
however, and we believe that other procedures should also 
be considered for tumors in this location. 

 The major complication of EAPM is mesh infection. 
As mesh infection leads to unsatisfactory cosmetic out-
comes, its prevention is of vital importance. Although 
preventive measures have decreased the infection rate, it 
has not yet been reduced to null. Further investigation of 
measures to prevent mesh infection is necessary.     
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      Breast Reconstruction Using 
Laparoscopically Harvested Omental 
Flap       

     Hisamitsu     Zaha     

        Recently, the omentum has attracted much attention for its 
immunological and angiogenic features. Many applications 
for the omentum have been reported because of its protective 
role against infection and regenerative properties that are 
benefi cial for ischemia. Kiricuta [ 1 ] was the fi rst to use ped-
icled omental fl aps in a range of indications including breast 
cancer surgery. Surprisingly, various new indications such as 
chronic spinal cord injury and Alzheimer’s disease have also 
emerged [ 2 ]. Nevertheless, the use of the omental fl ap has 
not obtained widespread popularity because of the need for 
laparotomy, but rapid advances in endoscopic surgery now 
allow laparoscopic harvesting of the omental fl ap with less 
donor-site deformity and morbidity [ 3 ], thus making the use 
of the omental fl ap more attractive. 

 Breast-conserving surgery (BCS) is still a standard surgi-
cal modality as a treatment of choice in early breast cancer. 
With wider excision, however, the risk of breast deformity, 
disfi gurement, and patient dissatisfaction increases. A vol-
ume replacement technique is often needed for smaller 
breasts or for patients with a small breast-to-tumor ratio. The 
latissimus dorsi (LD) fl ap plays a main role in volume 
replacement, but has the disadvantages of donor-site morbid-
ity and deformity, such as seroma formation [ 4 ]. Perforator 
fl aps, including the thoracodorsal artery perforator (TDAP) 
fl ap and the intercostal artery perforator (ICAP) fl ap have 
been developed to minimize these problems [ 5 ], but the loca-
tions to which they are adaptable are limited. 

 Laparoscopic harvest of the omental fl ap compensates for 
the donor-site disadvantages of other fl aps [ 6 – 8 ] and can pre-
serve the LD and/or the deep inferior epigastric perforator 
(DIEP) fl aps for future total reconstruction. 

7.1     Indications 

•     Breast reconstruction immediately after BCS or nipple- 
sparing mastectomy (NSM) in patients with stage 0, I, or 
II breast cancer.
 –    For BCS, the omental fl ap is used when a 20 % or 

wider region of the breast tissue is resected or the cos-
metic result is poor because of the location of the 
tumor in the medial quadrants.  

 –   For NSM, the procedure is applicable only to selected 
patients because the volume of the omental fl ap may 
be inadequate for total reconstruction. The use of an 
implant covered with the omental fl ap is one good 
option for immediate reconstruction after NSM.     

•   Delayed repair of a partial mastectomy deformity.  
•   Partial reconstruction for benign breast disorders such as 

giant fi broadenoma or phylloides tumor.     

7.2     Contraindications 

•     History of intra-abdominal malignancy or upper abdomi-
nal laparotomy. Patients with a history of laparoscopic 
surgery (e.g., laparoscopic cholecystectomy) or lower 
abdominal surgery (e.g., Caesarean section) should not be 
excluded.  

•   Body mass index (BMI) of 35 kg/m 2  or more.     
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7.3     Surgical Technique 

7.3.1     Laparoscopic Harvesting 
of the Omental Flap 

 Surgery is performed with the patient under general anesthe-
sia in the supine position, with the bilateral limbs abducted at 
90°. A camera port (5 or 10 mm, 30°) is inserted through a 
transumbilicus incision with the surgeon positioned at the 
right side of the patient. Pneumoperitoneum is maintained at 
8–10 mmHg. Two 5-mm ports for the surgical instruments 
are inserted from the right abdominal wall, one through the 
right upper quadrant at the level of a wedge of the rectus 
muscle, and the other through the right lateral lower quad-
rant. One 5-mm port for the assistant is inserted through the 
left lateral lower quadrant (Fig.  7.1a ).

   First, the omentum is evaluated for size and adhesion 
(Fig.  7.1b ) and is moved cephalic for dissection from the 
transverse colon. 

 The patient is placed in reverse Trendelenburg position 
with a right lateral oblique rotation. Usually a site slightly 
left of the center of the transverse colon is the most suitable 
place for starting dissection, providing easier access to the 
omental bursa (Fig.  7.2a ).

   To ensure that the omental bursa is entered successfully, a 
posterior wall of the stomach must be identifi ed (Fig.  7.2b ). 

 This step is very important for safe and successful harvesting 
of the omental fl ap. Then the dissection is advanced leftward 
while maintaining appropriate tension between the omentum 
and the transverse colon. Care is taken not to injure the trans-
verse colon, especially near the splenic fl exure (Fig.  7.2c ). 

 After the splenocolic ligament is divided, the resection 
turns to the lower pole of the spleen, with great care not to 
tear the splenic capsule (Fig.  7.3a ).

   During the resection of the gastrosplenic ligament, the left 
gastroepiploic artery and vein (GEAV) are encountered. 
They can be resected with a laparoscopic coagulating shears 
(LCS) without ligation or clipping (Fig.  7.3b ). 

 Because the right gastroepiploic artery is predominant, 
we always select the right gastroepiploic artery and vein 

as a pedicle. The more volume of the fl ap is needed, the 
more resection of the gastrosplenic ligament beyond the 
short gastric vessels must be performed. However, the left 
side of the omentum beyond the resection wedge of the 
left gastroepiploic artery tends to lack adequate vascular 
supply. 

 After complete division of the left side of the omentum, 
the gastric branches of the GEAV are divided, little by little, 
at a site as close to the stomach wall as possible, towards the 
pyloric ring (Fig.  7.4a ).

   Attention is paid to the main trunks of the GEAV, because 
they sometimes run very close to the stomach wall, and they 
can be diffi cult to identify when abundant fat deposit of the 
omentum is evident. Therefore, the gastric branches of the 
GEAV are pulled and stretched so that they run at a right 
angle to the stomach wall (Fig.  7.4b ). 

 The dissection from the right side of the transverse colon 
is then advanced (Fig.  7.5a ), and fusion between the poste-
rior leaf of the gastrocolic ligament and the anterior leaf of 
the transverse mesocolon is carefully divided toward the 
anterior capsule of the pancreas head (Fig.  7.5b ).

   Upward traction of the omentum is maintained, and care-
ful sharp and blunt dissection between the gastrocolic liga-
ment and the transverse mesocolon is advanced until the 
roots of the GEAV are confi rmed. Adhesion to the anterior 
wall of the duodenum is also carefully dissected and 
advanced to the root of the GEAV. 

 After complete dissection from the transverse colon, dis-
section from the stomach is advanced across the pyloric ring 
(Fig.  7.6a ).

   Very careful dissection is required at this point, because 
the GEAV run close to the wall of the stomach and the 
proximal duodenum, and the branches tend to bleed eas-
ily. It is better to resect as much fat tissue around the root 
of the GEAV as possible for the thin pedicle of the fl ap, to 
avoid the subsequent complication of ventral hernia. One 
of the epiploic vessels that descends on the right side of 
the omentum sometimes must be resected to make the lon-
ger pedicle. Then a pedicled omental fl ap is completed 
(Fig.  7.6b ).  
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a b

  Fig. 7.1    ( a ) A camera port and two to three 5-mm ports are inserted. 
Care must be taken not to injure the epigastric vessels, not only to avoid 
hemorrhagic complications but also to allow the potential for future 

total reconstruction. ( b ) The omentum is evaluated for size and adhe-
sion. Then the patient is placed in reverse Trendelenburg position with 
a right lateral oblique rotation       

a b

c

  Fig. 7.2    ( a ) A site slightly left of the center of the transverse colon is 
the most suitable place for entering into the omental bursa. ( b ) To pre-
vent injury of the omental fl ap, the posterior wall of the stomach must 
be identifi ed in the fi rst step of dissection. ( c ) Great care must be taken 

not to injure the transverse colon, not only by mechanical injury from 
grasping but also by thermal injury caused by the laparoscopic coagu-
lating shears (LCS), especially near the splenic fl exure       
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a b

  Fig. 7.3    ( a ) Transection of the left side of the omentum. After the sple-
nocolic ligament is divided, the resection turns to the lower pole of the 
spleen, taking great care not to tear the splenic capsule. ( b ) The left 

gastroepiploic vessels can be resected with the LCS without ligation or 
clipping       

a b

  Fig. 7.4    ( a ) Unlike the transverse colon, the wall of the stomach is 
thick and strong. Then, the gastric branches of the gastroepiploic ves-
sels should be divided at a site as close to the stomach wall as possible. 

( b ) The gastric branches are pulled and stretched so as not to injure the 
main trunks of the gastroepiploic vessels       
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a b

  Fig. 7.5    ( a ) The dissection from the right side of the transverse colon 
is advanced with a left lateral oblique rotation. ( b ) Fusion between the 
posterior leaf of the gastrocolic ligament and the anterior leaf of the 

transverse mesocolon is bluntly divided with upward retraction of the 
stomach and downward retraction of the transverse mesocolon       

a b

  Fig. 7.6    ( a ) Resection of the gastric branches of the gastroepiploic vessels around the pyloric ring. ( b ) The root of the gastroepiploic vessels       
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7.3.2     Partial Breast Reconstruction After BCS 

 Using various skin incisions, the omental fl ap can be applied 
to any quadrants of partial mastectomy defects. For the lower 
quadrants, an inframammary skin incision is preferable 
(Fig.  7.7a, b ).

   After partial mastectomy, a subcutaneous tunnel about 
two fi ngerbreadths in width is prepared from an incision 
along the inframammary fold toward the xiphoidal process 
(Fig.  7.8a ). When it reaches the white line, a longitudinal 
incision measuring 2 or 2.5 fi ngerbreadths is made to com-
municate with the abdominal cavity.

   This communication is facilitated by intra-abdominal 
resection of the white line with the LCS (Fig.  7.8b, c ). 

 For reconstruction of the right breast, the right side of the 
falciform ligament is resected to communicate with the 
 tunnel, and vice versa for the left breast. The forceps or 
fi ngers are inserted into the abdominal cavity, and the pedi-
cled omental fl ap is carefully withdrawn, avoiding twisting 
(Fig.  7.9a–d ).

   The omental fl ap can reach any quadrants of the breasts. 
Especially, volume replacements for the medial quadrants, 
which are diffi cult with the use of other autologous fl aps, are 
comfortable fi elds for the omental fl ap (Fig.  7.10 ).

   When the omental fl ap is large, a wider longitudinal 
abdominal incision and/or a small, transverse resection of 
the rectus muscles is added. When the incision is wider than 
two fi ngers, semiclosure of the abdominal incision is neces-
sary after the fl ap is pulled out, to avoid incisional hernia. 
Hemostasis is carefully confi rmed, and if the fl ap is too large 
to fi ll the defect of the breast, the excess amount of the omen-
tum is resected. Subcutaneous fat around the tunnel and fat 
tissue around the pedicle are resected to avoid subcutaneous 
bulging due to the pedicle.  

 The cephalic and lateral cut margin of residual breast tis-
sue is fi xed with the pectoralis major muscle to avoid move-
ment of the omental fl ap. It is important that the width of the 
pedicle and the entrance of the subcutaneous tunnel are small 
(<2 cm), to allow proper re-creation of the inframammary 
fold and avoid subcutaneous bulging (Fig.  7.11a ).

   Finally, the omental fl ap is placed over the pectoralis 
major muscle to fi ll the dead space in the breast tissue 
(Fig.  7.11b ). 

 Fixation of the omental fl ap to the chest wall is usually 
unnecessary. A closed suction drain is inserted over the 
omental fl ap and the wound is closed in layers. Figure  7.11c–
e  illustrate the resulting minimal scarring and natural 
appearance. 

 The clinical cases in which partial mastectomy was per-
formed in the lower quadrants shown in Figs.  7.12  and  7.13  
show similarly excellent results.

    For the upper quadrants, a periareolar incision is our pref-
erence. After partial mastectomy, an additional small inci-
sion is made on the medial inframammary fold to extract the 
omental fl ap (Fig.  7.14a–c ).

   A subglandular tunnel passing under the lower inner 
quadrant is also created between the inframammary incision 
and the partial mastectomy defect in the upper quadrants. 
The omental fl ap is very soft and can fi ll the partial mastec-
tomy defect even through a small periareolar incision 
because of its pliability (Fig.  7.14d–f ). 

 When the omentum is used as a free fl ap, the roots of the 
right GEAV are clipped and resected (Fig.  7.15a, b ). 

 The omental fl ap is taken out from the umbilical incision 
or a lower abdominal incision. Anastomoses are performed 
between the right gastroepiploic vessels and the thoracodor-
sal vessels (Fig.  7.15c ).

   The internal thoracic vessels can also be used for recipi-
ents. After anastomoses are completed (Fig.  7.15d ), the very 
pliable free omental fl ap can fi ll the partial mastectomy 
defect through a small axillary incision (Fig.  7.15e ). 

 The omental fl ap also can be applied in immediate implant 
reconstruction, instead of acellular dermal matrix or the LD 
fl ap. NSM is undergone through an inframammary incision 
(Fig.  7.16a, b ).

   After the omental fl ap is harvested (Fig.  7.16c ), the 
implant is simply placed onto the pectoralis muscle 
(Fig.  7.16d ) and completely covered with the omental fl ap 
(Fig.  7.16e ). Figure  7.16f–i  illustrate the postoperative 
results.   

H. Zaha



69

a b

  Fig. 7.7    ( a ,  b ) Partial mastectomy with an inframammary incision is the preferable choice for the omental fl ap to reconstruct a partial mastectomy 
defect in the lower quadrants       

a b

c

  Fig. 7.8    ( a ) A subcutaneous tunnel is created from the medial site of 
the skin incision toward the xiphoidal process. After the tunnel reaches 
the white line, a longitudinal incision is made to communicate with the 

abdominal cavity. ( b ) Intra-abdominal resection of the peritoneum. ( c ) 
An incision 2–2.5 fi ngerbreadths wide is required to extract the omental 
fl ap       
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a

c

b

d

  Fig. 7.9    ( a ) The omental fl ap is gently pulled out of the abdominal 
cavity. If the volume of the fl ap is large, this step is diffi cult, and a lon-
gitudinal abdominal skin incision may be required. ( b ) The omental fl ap 

is extracted through the subcutaneous tunnel. ( c ) The pedicle of the fl ap 
should be as thin as possible to prevent bulging of the subcutaneous 
tunnel. ( d ) The pedicled omental fl ap       
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a b

c d

  Fig. 7.10    ( a – d ) The omental fl ap can reach any quadrants of the breast. Volume replacements for the medial quadrants ( a ,  b ) are diffi cult with 
other autologous fl aps but are a comfortable fi eld for the omental fl ap       
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  Fig. 7.11    ( a ) The subcutaneous tunnel is semi-closed to be less than 
2 cm in width. ( b ) Fixation of the omental fl ap is usually unnecessary. 
( c ) Donor-site scars are negligible. ( d ,  e ) One year after postoperative 

radiotherapy, this patient’s reconstructed breast has a natural appear-
ance and very soft tactile feeling         

a b

c d

  Fig. 7.12    ( a ) Partial mastectomy including the left lower inner quadrant was performed with an inframammary incision. ( b ) The omental fl ap was 
extracted through the same incision. ( c ) Three years after postoperative and radiotherapy       
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a b

c

e

Fig. 7.11 (continued)
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a b

c

  Fig. 7.13    ( a ) Partial mastectomy with an inframammary incision for a tumor in the lower central location. ( b ,  c ) One year after immediate partial 
reconstruction with the omental fl ap. Postoperative radiotherapy was also added       

  Fig. 7.14    ( a ) Partial mastectomy including the whole upper inner quad-
rant was performed with a periareolar incision. ( b ) A small incision was 
made on the medial inframammary fold and the omental fl ap was 
extracted through the subcutaneous tunnel. ( c ) One year after postopera-

tive radiotherapy. ( d ) Partial mastectomy was performed with radial 
incision to resect the skin overlying the tumor. ( e ) A small incision was 
made on the medial inframammary fold and the omental fl ap was 
extracted through the subcutaneous tunnel. ( f ) Three years after surgery       
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a b

c d

e

f
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a b

c d

e f

  Fig. 7.15    ( a ) Partial mastectomy was performed with an anterior axil-
lary incision. ( b ) After harvesting the omental fl ap, the roots of the right 
gastroepiploic vessels were clipped and resected. A small incision was 
made in the left lower abdominal wall, and the omental fl ap was taken 
out. ( c ) Anastomoses are performed between the right gastroepiploic 

vessels and the thoracodorsal vessels. ( d ) After the anastomoses are 
completed, the free omental fl ap is able to fi ll the partial mastectomy 
defect through a small axillary incision, because of its pliability. ( e ,  f ) 
Postoperative result       
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  Fig. 7.16    ( a ,  b ) Nipple-sparing mastectomy was performed with an 
inframammary incision. ( c ) The omental fl ap was harvested and 
extracted through the subcutaneous tunnel. ( d ) An implant was placed 
onto the pectoralis muscle. ( e ) The omental fl ap covered the implant, and 

immediate reconstruction was completed. ( f – h ) Cosmetic result was 
very good, with very natural, soft tactile feeling. ( i ) Postoperative MRI 
showed that the implant was covered with well- vascularized omental 
fl ap, and there was enough thickness between the implant and the skin         

a b

c d

e f
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    Conclusions 

 The omental fl ap has three main advantages:

•    Minimal donor-site deformity and morbidity  
•   Applicability to any quadrant of the breast, especially the 

medial quadrants  
•   Softness and strength against radiation therapy    

 In our series of 96 patients [ 6 ], the omental fl aps were 
successfully harvested in 99 % of the patients without 
conversion to open surgery. Laparoscopy-associated com-
plications occurred in only 3.1 %, including vascular 
injury of the gastroepiploic artery (2.1 %) and incisional 
hernia (1.0 %). Small bowel obstruction did not occur. 
Partial graft necrosis occurred in 5.2 % of patients and 
was treated conservatively in all cases. The degree of 
donor-site scars was similar to that of laparoscopic chole-
cystectomy, and postoperative recovery was fast. 

 Recent advances in the use of a lateral chest wall per-
forator fl ap such as the TDAP and the LICAP fl aps also 

can minimize donor-site morbidity and deformity, but 
their use leaves a scar on the lateral chest wall. 

 In partial reconstruction, the medial quadrants are dis-
tant and diffi cult for the other autologous fl aps, but close 
and easy for the omental fl ap. Placing an invisible inci-
sion along the inframammary fold affords excellent 
access to the abdominal cavity. The partial mastectomy 
defect can be fi lled even through a small incision because 
of the pliability of the omental fl ap. 

 The main disadvantage of the omental fl ap is that pre-
operative estimation of the omental volume is not possi-
ble and the volume may be insuffi cient. Insuffi cient 
volume is rarely a problem for cases of partial reconstruc-
tion, but care must be taken when the breast to be recon-
structed is large. On the other hand, when the omental 
volume is large enough for total reconstruction, it is dif-
fi cult to withdraw the omental fl ap via the subcutaneous 
tunnel without adding a longitudinal abdominal incision. 
In such cases, a free omental fl ap is a better choice, 
because any large, free omental fl aps can be easily 

g h

i

Fig. 7.16 (continued)
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extracted through a small but fl exible lower abdominal 
incision. 

 Another advantage of the omental fl ap is that it usually 
undergoes less atrophy (even after radiation therapy) than 
a muscle fl ap, and it is softer than other autologous fl aps. 

 This use of the laparoscopically harvested omental fl ap 
thus provides an additional option for partial breast 
reconstruction.     
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      Video-Assisted Thoracoscopic 
Sympathicotomies for the Treatment 
of Palmar and Axillary Hyperhidrosis       

     Edoardo     Raposio       and     Giorgia     Caruana     

        Hyperhidrosis of the upper limbs is a relatively common 
functional disorder (1–3 % prevalence) [ 1 ] that may nega-
tively impact patients’ daily activities and quality of life, 
with social and occupational challenges. The prevalence and 
embarrassing nature of this disorder has roused the interest 
of many [ 2 – 10 ], but signifi cant controversies still surround 
surgical treatments of primary hyperhidrosis. 

 Conservative treatments such as topical aluminum chlo-
ride hexahydrate, anticholinergic drugs, iontophoresis, or 
injection of botulinum toxin have proved to be only partially 
useful for a short time [ 11 ]. Similarly, alcohol block of the 
sympathetic chain is unsatisfactory, as the effect is unpre-
dictable and usually not permanent [ 12 ]. 

 Various surgical methods of destroying axillary sweat 
glands by local excision have been described [ 13 – 18 ]. The 
complications of these procedures include wound infection, 
skin fl ap necrosis, and prominent, ugly scars that may be 
associated with marked contracture that impairs arm 
mobility. 

 Among the large spectrum of treatments suggested over 
the years, a video-assisted thoracoscopic approach is now 
widely recommended as the treatment of choice for upper 
limb hyperhidrosis, allowing patients to achieve a permanent 
solution [ 1 ,  19 ]. 

 Two different endoscopic procedures are described in the 
literature [ 5 ,  20 ]: sympathicotomy (electrocautery) and sym-
pathectomy (excision). The principle of both procedures is to 

interrupt the cholinergic sympathetic innervation to the 
eccrine glands. When the goal is treating palmar hyperhidro-
sis, the second (T2) and third (T3) thoracic sympathetic gan-
glia are interrupted; interruption of the fourth (T4) thoracic 
sympathetic ganglion is added when also treating axillary 
hyperhidrosis. Some authors [ 21 ] shared a concern about 
possible neural regeneration with recurrence of symptoms 
when sympathicotomy was performed instead of sympathec-
tomy, but data from other authors [ 2 ,  5 ] showed no recur-
rence at all during the follow-up period, proving that 
recurrence after sympathicotomy might be a matter of tech-
nique. Furthermore, sympathicotomy is a rapid (mean 
12 min) and less invasive procedure [ 2 ]. 

 In 1977, Kux [ 22 ] was the fi rst author to describe the tech-
nique of endoscopic, transthoracic upper dorsal sympathec-
tomy for hyperhidrosis. This therapeutic approach was 
intended for use in patients with palmar and axillary hyper-
hidrosis, upper extremity ischemia (due to Raynaud’s dis-
ease, for example), and upper extremity causalgia. Originally, 
this method relied (at least) on double trocar insertion per 
side, carbon dioxide insuffl ation, or both [ 22 – 26 ]. Thus, 
although this approach carried with it few postoperative 
complications when compared with traditional “open” sym-
pathectomy techniques, it still produced some postoperative 
discomfort and risk of complications related to carbon diox-
ide insuffl ation, including postoperative subcutaneous 
emphysema and intraoperative profound bradycardia and 
hypotension due to mediastinal shift. 

 In 1995, Raposio et al. [ 2 ], in an effort to reduce the draw-
backs associated with the current endoscopic techniques, 
introduced a minimally invasive, endoscopic, transthoracic 
sympathicotomy technique. The new technique is performed 
using a single-entry, specifi cally modifi ed thoracoscope and 
does not require carbon dioxide insuffl ation. 

 As illustrated below, the procedure is performed under 
general anesthesia with a double-lumen endotracheal tube. 
The patient is placed in a half-sitting position, with both arms 
abducted to 90°. In this Raposio approach [ 2 ,  27 ], a 1-cm 
stab incision is performed, along either the  mid- clavicular 
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line (male patients) or the anterior axillary line (female 
patients), in the third intercostal space. After selective defl a-
tion of the ipsilateral lung, trocar insertion, and creation of an 
artifi cial apical pneumothorax, a specifi cally designed thora-
coscope is inserted. The dorsal sympathetic chain is visual-
ized through the parietal pleura as it passes over the neck of 
the ribs close to the costovertebral junction. If simple pleural 
adhesions precluding access to the ganglia are encountered, 
they can easily be divided endoscopically. The T2, T3, and/
or T4 ganglia are then severed, under direct vision, by means 
of the electrocautery. Special care is taken not to injure the 
crossing vessels in the intercostal spaces. The surgical pro-
cedure is completed by re-insuffl ation of the collapsed lung, 
insertion of a chest drain through the same operative inci-
sion, and closure of the wound with cutaneous sutures. The 
entire procedure is then repeated on the opposite side. 

 A postoperative pulmonary radiograph is routinely per-
formed 2 h after the completion of the procedure to check for 
the presence of pneumothorax, hemothorax, or both. 

8.1     Indications and Preoperative 
Consultation 

 Ideal candidates for thoracoscopic sympathicotomy are men 
and women in good health, between 18 and 65 years of age, 
who claim that they do not usually sweat during the night 
and that their symptoms started at an early age. These 
patients’ symptoms usually appear at puberty but may date 
back to early childhood, and they usually persist throughout 
adult life [ 2 ]. Patients with a body mass index (BMI) greater 
than 28 and/or with other overt diseases should not be 
enrolled for surgery. 

 Surgical consultation before surgery should confi rm the 
presence of primary focal palmar and/or axillary hyperhidro-
sis, the anatomic locations involved, and the amount of 
hyperhidrosis itself [ 1 ]. Patients should then be informed 
about possible risks and complications, as well as about the 
percentage of success or failure and the reasons for possible 
failure. The main reasons that may lead to an unsuccessful 
treatment are massive pleural adhesions, overlying vascular 
bundles, or thick overlying subpleural fat that obscures the 

sympathetic chain, thus precluding access to the ganglia and 
partial or total completion of the procedure.  

8.2     Complications 

 As the main purpose of this treatment is to improve the 
patient’s quality of life, achieving the lowest possible rate of 
intraoperative and postoperative complications should be 
central. Nevertheless, postoperative effects such as compen-
satory hyperhidrosis (CH), bradycardia, and Horner’s syn-
drome are possible following video-assisted thoracoscopic 
selective sympathicotomy. 

 CH is the most common adverse effect overall, occur-
ring in 3–98 % of patients [ 28 ]. It consists of an excess of 
secondary sweating, primarily affecting the trunk and the 
lower extremities, which, by defi nition, was not present in 
the patient before the surgery. In general, the lower the 
level of blockade on the chain, the higher the expected CH 
rate [ 4 ,  29 ], so patients who undergo T2–T4 video-assisted 
thoracoscopic electrocauterization for palmar and axillary 
hyperhidrosis should be made aware of the much greater 
likelihood of CH compared with patients who undergo 
only T2–T3 electrocauterization (mainly for palmar hyper-
hidrosis). Luckily, even though CH is perceived as discom-
fort by patients, most of them fi nd the CH less burdensome 
than their initial palmar and/or axillary hyperhidrosis, and 
they usually say that they would have the procedure again 
[ 4 ,  10 ]. 

 Permanent bradycardia also has been reported after sur-
gery [ 1 ,  30 ]; it is particularly dangerous for patients who had 
a resting heart rate before surgery of 50–55 beats per minute. 
These patients may require a pacemaker, so such patients 
should not be enrolled for surgery. 

 Horner syndrome is another adverse effect, occurring in 
0.7–3 % of patients [ 1 ]. It may occur when the stellate gan-
glion is manipulated during the surgical procedure, so it is 
more frequent when operating on facial hyperhidrosis, owing 
to improper localization of the second rib. 

 Less frequent complications (<1 %) that may occur after 
thoracoscopic sympathicotomy are pneumothorax, hemo-
thorax, chylothorax, and infection of the incision site [ 1 ].  

E. Raposio and G. Caruana



83

a b

  Fig. 8.1    After general anesthesia with a double-lumen endotracheal 
tube, the patient is placed in a half-sitting position with both arms 
abducted to 90°, and ribs 2 through 4 are identifi ed. A 1-cm stab  incision 

is then performed at third intercostal space, along the  midclavicular line 
for male patients ( a ) and along the anterior axillary line for female 
patients ( b ), in order to hide the postoperative scar as much as possible       

a b

  Fig. 8.2    Subcutaneous tissues are undermined through the cutaneous 
incision, as shown in a male ( a ) and a female ( b ) patient, in order to 
reach the intercostal plane at the third intercostal space. It is important 
during both undermining and further insertion of the endoscope that the 

instruments always be kept upon the upper edge of the rib, in order to 
avoid the neurovascular bundle located just under the surface of the 
lower edge of the rib       

8.3     Surgical Technique 

 Figures  8.1 ,  8.2 ,  8.3 ,  8.4 ,  8.5 ,  8.6 ,  8.7 ,  8.8 ,  8.9 ,  8.10 ,  8.11 , 
and  8.12  illustrate the steps of the endoscopic transthoracic 
sympathicotomy technique

 

 

8 Video-Assisted Thoracoscopic Sympathicotomies for the Treatment of Palmar and Axillary Hyperhidrosis



84

  Fig. 8.3    After selective mechanical defl ation and collapse of the ipsi-
lateral lung, a 9-mm trocar with an air/insuffl ator/suction triple valve is 
inserted through the previously created incision at the third intercostal 
space on the left side of the patient, always keeping it on the surface of 
the upper edge of the rib to avoid the vascular bundle       

  Fig. 8.4    After trocar insertion and creation of an artifi cial ipsilateral 
apical pneumothorax, a specifi cally designed thoracoscope (shown in 
Fig.  8.5 ) is guided through the trocar ( a ) down into the pleural cavity 
( b ). From this point on, the entire procedure is displayed on the external 
monitor       

a

b
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a b

  Fig. 8.5    ( a ) The modifi ed thoracoscope (Karl Storz; Tuttlingen, 
Germany) consists of a 9-mm trocar with air/insuffl ator/suction triple 
valve, a straight Hopkins telescope with fi ber-light transmission, a 
Wittmöser operating sheath with a connection for high-frequency dia-

thermy, and a specifi cally designed triangle-tipped wire loop electrode 
for the electrocautery. ( b ) The thoracoscope enters the pleural cavity 
through the previously performed incision (third intercostal space) 
while the patient trunk is positioned at 45°       

a b

  Fig. 8.6    ( a ) Following ipsilateral lung defl ation, the modifi ed thoraco-
scope is introduced into the thoracic cavity, where the mediastinum is 
now visible. ( b ) The right dorsal sympathetic chain ( yellow arrows ) is 

visualized through the parietal pleura as it passes over the neck of the 
ribs close to the costovertebral junction       

 

 

8 Video-Assisted Thoracoscopic Sympathicotomies for the Treatment of Palmar and Axillary Hyperhidrosis



86

a b

  Fig. 8.7    Sometimes, small pleural adhesions ( a ,  blue arrows ) to wide-
spread pleural adhesions ( b ) may be found, which preclude access to 
the ganglia and limit the completion of the procedure. If removal of the 

pleural adhesions is thought to be without risk, they can easily be 
divided endoscopically       

a b

c d

  Fig. 8.8    ( a – d ) The ribs are endoscopically identifi ed, as well as the sympathetic chain, which appears as a pink/white longitudinal structure pro-
truding over the neck of the ribs, close to the costovertebral junction       
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a b

c d

  Fig. 8.9    ( a – d ) Electrocauterization (sympathicotomy) of the second, third, and/or fourth thoracic sympathetic ganglia (T2, T3, T4) is then per-
formed, with special care to not injure the crossing vessels in the intercostal spaces or nearby ( c )       

a b

  Fig. 8.10    The surgical procedure on the fi rst side is completed by re- 
insuffl ation of the collapsed lung, insertion of a chest drain by the same 
operative incision on the mid-clavicular ( a ) or anterior axillary ( b ) line, 

and closure of the wound with cutaneous sutures. The entire procedure 
is then repeated on the opposite side       
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  Fig. 8.11    Male patient after surgery in a half-sitting position with both 
arms abducted to 90°, before removal of the double-lumen endotracheal 
tube. Surgical dressings are applied on both sides to cover the incisions 
and keep the chest drains from moving       

  Fig. 8.12    ( a ,  b ) Removal of chest drains is performed 2 h after surgery, 
if a postoperative pulmonary radiograph has excluded the presence of 
pneumothorax or hemothorax. A #11 blade is used to cut the suture 
knot tied around the tube; once the knot is untied, the drain on one side 
is extracted from the chest with a rapid movement. Another operator 
then immediately ties the knot that was sutured all around the tube, in 
this way closing the incision       

a

b
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                  Conclusions 

 Minimally invasive endoscopic transthoracic sympathicot-
omy [ 2 ] has proven to be an effective and durable surgical 
treatment for severe primary hyperhidrosis. It signifi -
cantly improves the quality of life of treated patients. The 
procedure is not only durable but also less invasive than 
previous approaches, and (depending on operator experi-
ence) it results in fewer postoperative complications; for 
example, in our experience, we have never reported one 
case of Horner syndrome in more than 800 patients.     
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      Endoscopic Diastasis Recti Repair       

     Manash     Ranjan     Sahoo     

         Rectus abdominis diastasis (or diastasis recti) is mainly an 
acquired condition with clinically evident separation of the 
rectus abdominis muscle pillars. The result is a characteristic 
bulging of the abdominal wall that is sometimes mistaken for 
a ventral hernia despite the fact that the midline aponeurosis 
is intact and no hernia defect is present. This condition has 
no associated mortality or morbidity other than cosmetic 
concerns. 

 Diastasis may be congenital, as a result of a more lateral 
insertion of the rectus muscles to the ribs and costochondral 
junctions, but more typically it is an acquired condition, 
occurring with advancing age, in obesity, or after pregnancy. 
In the postpartum setting, rectus diastasis tends to occur in 
women with advanced maternal age, a twin or multiple preg-
nancy, or delivery of a high-birth-weight infant. Diastasis is 
usually easily identifi ed on physical examination. CT scan-
ning provides an accurate means of measuring the distance 
between the rectus pillars and can differentiate rectus diasta-
sis from a true ventral hernia if clarifi cation is required. 

 Surgical correction of rectus diastasis by plication of the 
broad midline aponeurosis has been described for cosmetic 
indications and for alleviation of impaired abdominal wall 
muscular function. These approaches introduce the risk of an 
actual ventral hernia, however, and are of questionable value 
in addressing pathology [ 1 – 11 ]. 

 There are no current guidelines on the treatment of diasta-
sis recti. Open divarication repair is not very popular because 
of associated morbidity and cosmetically unacceptable 

results. More recently, various surgeons have attempted to 
reduce the morbidity and length of scar associated with con-
ventional open procedures. Laparoscopic repair of diastasis 
recti has seldom been described in literature [ 7 ,  12 ]. 

 Diastasis recti may appear as a ridge running down the 
midline of the abdomen, anywhere from the xiphoid process 
to the umbilicus. It becomes more prominent with straining 
and may disappear when the abdominal muscles are relaxed. 
It is more common in multiparous women, owing to repeated 
episodes of stretching. The condition must be differentiated 
from an epigastric hernia or an incisional hernia, if the patient 
has had abdominal surgery. Hernias may be ruled out using 
ultrasound. 

 In some adults, diastasis recti can be corrected or miti-
gated by physiotherapy. A study conducted at the Columbia 
University Program in Physical Therapy established that the 
women utilizing the Tupler Technique exercises had a 
smaller diastasis than the control group who did not do these 
exercises [ 13 ]. Operative repair for diastasis recti remains 
controversial; few studies have assessed the effectiveness of 
surgical intervention. It is usually the patients themselves 
who request treatment. In extreme cases, diastasis recti is 
corrected during the cosmetic surgery procedure known as a 
“tummy tuck” by creating a plication or folding of the linea 
alba and suturing together. 

9.1     Indications, Contraindications, 
and Preoperative Assessment 

 Indications for endoscopic diastasis recti repair include cos-
metic disfi gurement and pain. The only absolute contraindi-
cation is the inability to undergo general anaesthesia; relative 
contraindications include chronic obstructive pulmonary dis-
ease (COPD), morbid obesity, and cardiac morbidities. 

 Preoperative confi rmation of the diagnosis is done by 
ultrasonogram, CT, and MRI. Routine hematological, bio-
chemical, cardiac, and pulmonary assessments are also 
performed.  
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9.2     Surgical Technique 

 The patient is put under general anesthesia for diagnostic 
laparoscopy. The defect is made prominent by compression 
from the outside and the size is assessed (Figs.  9.1 ,  9.2 ,  9.3 , 
and  9.4 ). 

 A 48-mm needle with double loop 1 (4 metric) 48 mm ½ 
circle heavy round bodied Ethilon (monofi lament polyamide 
black) (Ethicon; Somerville, NJ, USA) is taken into the perito-
neal cavity through a stab incision at the lower end of the diasta-
sis. The needle is pulled inside by a needle holder and assisting 
grasper. Then the intracorporeal suturing is started (Fig.  9.5 ). 
When the suturing is completed, both edges have been approxi-
mated and a new linea alba constructed (Fig.  9.6 ,  9.7 , and  9.8 ). 

 Then the 10-mm trocar is replaced by a 12-mm optical 
trocar, and the whole surgical team changes their gloves. An 

appropriate size of tissue-separating mesh is chosen. Prolene 
2–0 sutures (Ethicon; Somerville, NJ, USA) are taken with 
long threads left on the upper, middle, and lower parts of the 
mesh in the midline, using all aseptic measures. Then the 
mesh is rolled like a cigarette, held with the needle holder, 
and taken into the abdominal cavity through the 12-mm opti-
cal trocar. 

 The mesh is unrolled and the pre-tied Prolene sutures are 
taken out transfascially with a suture passer in the midline; 
this technique reduces the chance of neural entrapment and 
postoperative pain. Then intracorporeal transfascial suture 
fi xation of the mesh is performed with Prolene 2–0 (Figs.  9.9 , 
 9.10 , and  9.11 ). It can also be done with PDS 2–0 to secure 
the position of the mesh as an intraperitoneal onlay mesh 
(IPOM). 

 Figure  9.12  shows postoperative images.

  Fig. 9.1    Pneumoperitoneum       

  Fig. 9.2    Pneumoperitoneum done with a Veress needle. Three ports 
(one midline 10-mm port and two pararectal 5-mm ports) are inserted in 
the suprapubic region. The telescope is introduced into the 10-mm port       

  Fig. 9.3    Diagnostic laparoscopy and adhesiolysis       

  Fig. 9.4    The defect is made prominent by compression from outside       
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  Fig. 9.5    Suturing of the edges of the defect is started with double loop 
1 (4 metric) 48 mm ½ circle heavy round bodied Ethilon (monofi lament 
polyamide black), creating a new linea alba       

  Fig. 9.6    Suturing in progress       

  Fig. 9.7    Suturing near completion       

  Fig. 9.8    Suturing completed       

  Fig. 9.9    Tissue-separating mesh is prepared for placement as intraperi-
toneal onlay mesh (IPOM)       
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a b

c

  Fig. 9.10    ( a – c ) Mesh is fi xed to the fascia tranversalis with intracorporeal transfascial suturing using 2–0 Prolene       

a b

  Fig. 9.11    ( a ,  b ) Completion of intracorporeal transfascial suturing       
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                  Conclusions 

 The advent of endoscopy has yielded many novel proce-
dures in all the specialties of surgery, but reports on the 
laparoscopic repair of diastasis recti are still very rare. 
Open procedures for diastasis recti have many complica-
tions such as hematoma, seroma formation, fl ap necrosis, 
hypertrophic scars, increased infection rate, and contour 
abnormalities that may be permanent. Laparoscopic 
repair, which is cosmetically more acceptable and lacks 
signifi cant associated morbidities, is a promising future 
technique for the repair of diastasis recti.     
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      Endoscopic Cubital Tunnel Release       

     Nicholas     M.     Caggiano       and     Kristofer     S.     Matullo     

         Cubital tunnel syndrome (CuTS) is the second most com-
mon compressive neuropathy in the upper extremity, sur-
passed only by carpal tunnel syndrome. First described by 
Feindel and Stratford in 1958 [ 1 ], cubital tunnel syndrome is 
more common in women than in men and has an incidence of 
between 19 and 25 per 100,000 person-years [ 2 ]. Although 
the term “cubital tunnel syndrome” is commonly used to 
describe compression of the ulnar nerve at the elbow, it spe-
cifi cally refers to compression of the nerve within the cubital 
tunnel, more specifi cally by Osborne’s ligament. Most 
patients can be treated with nonoperative modalities, includ-
ing night splints, nerve glides, and activity modifi cation by 
avoiding signifi cant elbow fl exion [ 3 ,  4 ]. Patients who are 
refractory to conservative therapy may require operative 
intervention. Surgical management includes in situ release; 
transposition performed subcutaneously, submuscularly, or 
intramuscularly; or medial epicondylectomy. More recently, 
endoscopic release of the cubital tunnel has become a popu-
lar choice among surgeons. Modern randomized, controlled 
trials have demonstrated equivalence among these methods 
of ulnar nerve decompression. Evidence has shown, how-
ever, that patients with a higher degree of preoperative neu-
rologic compromise have worse outcomes [ 5 ]. 

10.1     Anatomy 

 The ulnar nerve arises from the medial cord of the brachial 
plexus, receiving major contributions from the C8 and T1 
spinal nerves, with a minor contribution from the C7 spinal 
nerve. The ulnar nerve exits the thoracic outlet medial to the 
axillary artery and is typically located between the axillary 
artery and axillary vein. It courses in the anterior compart-
ment of the brachium between the brachialis and the medial 
head of the triceps, travelling medial to the brachial artery. 
A thick, fi brous band of tissue formed by the convergence of 
the medial intermuscular septum and the internal brachial 
ligament exists 8–9 cm proximal to the medial epicondyle of 
the humerus; it is often referred to as the arcade of Struthers. 
The ulnar nerve passes posterior to this arcade, transitioning 
from the anterior to the posterior compartment of the arm. 
The ulnar nerve does not provide any sensory or motor 
branches in the upper arm. 

 As the ulnar nerve approaches the elbow, it may course 
deep to an anomalous muscle, the anconeus epitrochlearis, if 
present. This muscle originates on the medial border of the 
olecranon and inserts on the medial epicondyle. The anco-
neus epitrochlearis is present in 34 % of the population, 
making it the most common anomalous muscle in the upper 
extremity [ 6 ]. The ulnar nerve then passes through the 
cubital tunnel, which is formed by the medial epicondyle, 
the olecranon process, the ulnar collateral ligament of the 
elbow, and the aponeurosis of the humeral and ulnar heads 
of the fl exor carpi ulnaris (FCU). The two heads of the FCU 
are joined by an arch of fi brous tissue that runs from the 
medial epicondyle to the olecranon, referred to as the liga-
ment of Osborne. Inside the cubital tunnel, the nerve sup-
plies an average of one or two sensory branches to the elbow 
capsule [ 7 ]. 

 The ulnar nerve then enters the anterior compartment of 
the forearm, passing under the aponeurosis of the FCU. It is 
at this point that motor innervation is supplied to the FCU 
and the medial half of the fl exor digitorum profundus. In the 
forearm, most of the nerve’s course is between the FCU and 
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the fl exor digitorum profundus. It provides no further inner-
vation within the forearm. 

 The dorsal cutaneous branch of the ulnar nerve arises 
5–10 cm proximal to the wrist fl exion crease. It passes from 
the anterior compartment of the forearm to the dorsum of the 
hand at the ulnar styloid and supplies sensation to the ulnar- 
dorsal aspect of the hand and to the dorsal proximal and 
middle phalanges of the ring and small fi ngers. 

 The palmar cutaneous branch of the ulnar nerve has vari-
able origin in the forearm, typically located distal to the dor-
sal cutaneous branch takeoff and proximal to the wrist fl exion 
crease. It travels superfi cial to the transverse carpal ligament 
on the ulnar side of the ring fi nger metacarpal. The palmar 
cutaneous branch supplies sensation to the ulnar aspect of 
the palm. 

 The ulnar nerve proper enters the hand with the ulnar 
artery at Guyon’s canal, which is bounded by the transverse 
carpal ligament, the volar carpal ligament, the pisiform, and 
the hamate. The ulnar nerve then divides into its superfi cial 
and deep terminal branches. The superfi cial branch inner-
vates the palmaris brevis, as well as palmar sensation to the 
small fi nger and the ulnar aspect of the ring fi nger. The deep 
branch of the ulnar nerve innervates the hypothenar muscles, 
the third and fourth lumbricals, and the palmar and dorsal 
interossei. It also provides variable innervation to the deep 
head of the fl exor pollicis brevis.  

10.2     Etiology of Cubital Tunnel Syndrome 

 Ulnar neuropathy at the cubital tunnel is caused by compres-
sion of the nerve at the elbow. As the elbow moves from 
extension into fl exion, Osborne’s ligament stretches, causing 
a fl attening and narrowing of the cubital tunnel [ 8 ]. The ulnar 
nerve also elongates as the elbow moves from 15° to 90°, and 
is relatively constant in length from 90° to 130° [ 9 ]. The 
combination of stretching of the ulnar nerve and narrowing 
of the cubital tunnel leads to compression of the ulnar nerve 
fi bers. Compression decreases intraneural circulation, which 
in turn leads to paresthesias. As degeneration of the nerve 
becomes chronic, denervation of the muscles innervated by 
the ulnar nerve begins. 

 Patients with a history of trauma to the elbow may have 
altered anatomy that predisposes them to cubital tunnel 
syndrome. Malunion of the olecranon or distal humerus 
can decrease the volume of the tunnel available for safe 
passage of the nerve. Osteophytes from posttraumatic 
arthritis also can impinge on the nerve. Throwing athletes 
subject their elbows to valgus extension overload, which 
has been shown to cause osteophytes on the posteromedial 
olecranon [ 10 ].  

10.3     History 

 Patients with cubital tunnel syndrome typically complain of 
tingling and numbness in the small fi nger and the ulnar half 
of the ring fi nger, both dorsally and volarly. These symptoms 
generally present sporadically and tend to increase in fre-
quency as the compression continues. Complaints of tender-
ness at the medial aspect of the elbow are not uncommon. 
Patients may also complain of loss of grip strength or dexter-
ity. Patients should be asked about diffi culty with fi ne motor 
activities, such as buttoning a shirt or picking up coins off of 
a countertop. Weakness, fatigue, and loss of dexterity are 
secondary to denervation of the intrinsic muscles of the hand 
and are typically symptoms of more advanced disease. 
Wasting of the hypothenar musculature, intrinsics, and fi rst 
dorsal interosseous muscle occurs in the later stages of dis-
ease progression. 

 The patient should be queried about positions of the 
affected upper extremity that exacerbate or alleviate the 
symptoms. Paresthesias with wrist fl exion points to com-
pression at Guyon’s canal, whereas increased symptoms 
with overhead activities may suggest thoracic outlet syn-
drome. Numbness and tingling with elbow fl exion implies 
compression at the cubital tunnel. Complaints of a painful 
popping sensation at the medial elbow with fl exion may indi-
cate that the ulnar nerve is subluxing over the medial epicon-
dyle or the medial triceps is subluxing over the ulnar nerve. 

 Past medical history and social history should be elicited. 
Certain metabolic conditions such as hypothyroidism, diabe-
tes mellitus, and vitamin defi ciencies can manifest with simi-
lar symptoms. The patient’s history should also be examined 
for trauma to the affected elbow, such as a supracondylar 
humerus fracture, which may lead to a tardy ulnar nerve 
palsy. Overhead throwing athletes may have ulnar nerve 
symptoms as a result of posteromedial olecranon osteophyte 
formation secondary to valgus extension overload.  

10.4     Physical Examination 

 The diagnosis of cubital tunnel syndrome depends on a good 
and thorough physical examination. Visual inspection of the 
hand on the affected arm can yield important information. 
Chronic denervation of the intrinsic musculature can lead to 
clawing of the fi ngers, specifi cally the small and ring fi ngers. 
Wartenberg’s sign, or abduction of the small fi nger, is caused 
by loss of innervation to the fourth palmar interosseous mus-
cle and subsequent unopposed extension by the extensor 
digiti quinti. A Masse sign, fl attening of the dorsal metacar-
pal arch over the small and ring fi ngers, is caused by weak-
ness of the opponens digiti quinti secondary to denervation. 
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 Provocative tests are designed to recreate the patient’s 
subjective tingling and numbness. A Tinel’s sign should be 
directly over the cubital tunnel in order to be considered pos-
itive. This test lacks specifi city, but it has been shown to have 
the highest negative predictive value of all provocative tests 
at the cubital tunnel [ 11 ]. The elbow fl exion test is performed 
by placing the patient’s elbow in maximum fl exion and supi-
nation for up to 60 s. A positive test is defi ned as re-creation 
of the patient’s symptoms in the ulnar nerve distribution. The 
pressure provocation test is performed by placing the 
patient’s elbow in 20° of fl exion. The examiner places one or 
two fi ngers directly over the ulnar nerve at the cubital tunnel 
and applies pressure for 60 s. A positive result is similarly 
defi ned as recreation of the patient’s symptoms in the ulnar 
nerve distribution. Both of these provocative tests have been 
widely used, but they are not highly sensitive [ 11 ] or particu-
larly specifi c [ 12 ]. 

 The scratch-collapse test has an accuracy rate of 98 % 
for compression of the ulnar nerve at the elbow [ 11 ]. The 
test is performed with the elbow in 90° of fl exion and the 
arm adducted by the patient’s side. The examiner tests the 
patient’s ability to externally rotate against resistance at the 
shoulder. After a baseline assessment of strength is noted, the 
examiner gently scratches the skin over the cubital tunnel and 
subsequently reexamines the patient’s ability to resist inter-
nal rotation. A positive result is defi ned by signifi cant loss 
of external rotation strength compared with the baseline test. 

 Weakness of the intrinsic musculature of the hand can be 
elicited by having the patient perform a key pinch maneuver, 
holding a piece of paper between the thumb and index fi nger. 
The patient is instructed to hold the paper using only adduc-
tion of the thumb as the examiner attempts to pull the paper 
longitudinally out the patient’s grasp. Patients with weakness 
of the adductor pollicis will compensate for their inability to 
adduct the thumb by fl exing the interphalangeal joint via the 
fl exor pollicis longus. This is known as the Froment’s sign. 
Patients may exhibit hyperextension at the metatarsophalan-
geal joint, referred to as Jeanne’s sign, as they recruit the 
extensor pollicis brevis to compensate for loss of thumb 
interphalangeal joint extension. 

 The McGowan scale can be used to grade ulnar nerve 
compression and provide patients with a likely prognosis fol-
lowing surgical intervention [ 13 ]. Grade I is defi ned as 
purely subjective complaints of tingling and numbness in the 
ulnar nerve distribution. Grade II includes sensory loss and 
intrinsic hand weakness. The worst prognosis for recovery 
occurs with McGowan Grade III, defi ned as muscle atrophy, 
severe sensory loss, and clawing of the fi ngers. 

 The Dellon classifi cation groups patients into mild, mod-
erate, or severe categories based on paresthesias and motor 
weakness [ 14 ]. Grade I patients have intermittent paresthe-

sias and subjective weakness; they may have a positive 
Tinel’s sign or elbow fl exion test. Grade II patients also have 
periodic paresthesias but also have measurable weakness and 
a positive Tinel’s sign and elbow fl exion test. Grade III 
patients have persistent paresthesias, muscle atrophy, and 
abnormal muscle strength.  

10.5     Diagnostic Studies 

 X-rays of the affected elbow should be obtained to uncover 
osseous pathology that may cause ulnar nerve compression. 
A cubitus valgus deformity may lead to a tardy ulnar nerve 
palsy due to prolonged tension and stretch on the nerve. 
Osteophytes from posttraumatic or degenerative arthritis can 
impinge on the ulnar nerve at the cubital tunnel. Ultrasound 
is a useful adjunct when there is suspicion that a soft-tissue 
mass may be the cause of compressive neuropathy. It is mini-
mally invasive, relatively inexpensive, and also can provide 
dynamic evaluation of a subluxating nerve. MRI is rarely 
useful in the diagnosis of cubital tunnel syndrome. 

 Nerve conduction studies (NCS) provide useful confi rma-
tory information in the setting of clinical diagnosis of cubital 
tunnel syndrome. NCS also can localize the cause of ulnar 
nerve compression in up to 96 % of cases [ 15 ]. Motor con-
duction velocities have been shown to be more sensitive than 
sensory studies [ 16 ]. Motor velocities less than 50 m per sec-
ond from above the elbow to below the elbow are indicative 
of ulnar neuropathy at the elbow; velocities that are 10 m per 
second slower than in isolated segments above or below the 
elbow are also suggestive of ulnar neuropathy at the elbow. 
Controversy exists regarding the optimal position of the 
elbow during electrodiagnostic testing, however [ 17 ,  18 ].  

10.6     Treatment 

 Conservative management is attempted primarily for all but 
the most severe cases. Night splints are designed to prevent 
elbow fl exion while the patient is sleeping. Splints must be 
worn continuously at night for at least 6 months for long- 
lasting results [ 4 ]. Anti-infl ammatory medications are used 
to decrease infl ammation, with activity modifi cation to 
decrease provocative positioning. Up to 89 % of patients 
with mild to moderate symptoms of cubital tunnel syndrome 
may recover with nonoperative treatment [ 19 ]. 
Contraindications for a trial of conservative treatment 
include evidence of chronic denervation on electrodiagnostic 
studies and overt muscle wasting; in these situations, opera-
tive intervention is warranted to preserve any remaining 
muscle function in the hand. 
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 Operative treatment of cubital tunnel syndrome is based 
on decompression of the ulnar nerve. For patients without 
subluxation of the nerve, this can be performed as an in situ 
release of Osborne’s ligament. This procedure is simple and 
reproducible; it minimizes trauma to the nerve and its vascu-
lar supply. Patients best suited for this procedure have 
activity- related symptoms without subluxation of the nerve. 

 In situ release via an endoscopic approach has become an 
acceptable alternative to open in situ release, allowing for a 
smaller incision and faster recovery [ 20 ]. Cadaveric studies 
have shown that the medial antebrachial nerve and the ulnar 
nerve branch to the FCU are both at risk during “open” 
release, but this risk may be mitigated by an endoscopic 
technique. Patient satisfaction following endoscopic cubital 
tunnel release is at least equivalent to open in situ release 
[ 21 ,  22 ], and patients reported relief of pain and paresthesias 
sooner in the postoperative period [ 23 ]. Evidence has also 
shown earlier return to work with endoscopic release than 
with anterior transposition [ 22 ]. 

 Patients with subluxation of the ulnar nerve over the 
medial epicondyle typically are not candidates for simple in 
situ decompression, as decompression does not address—
and may increase—subluxation. Options for these patients 
include subcutaneous, intramuscular, or submuscular trans-
position. Transposition places the ulnar nerve anterior to the 
axis of elbow fl exion, effectively increasing its relative 
length and decreasing the tension on it. This procedure is 
also indicated when space-occupying lesions such as osteo-
phytes or soft-tissue masses are located within the cubital 
tunnel. Typically patients undergoing revision cubital tunnel 

release are also treated with ulnar nerve transposition. The 
choice between subcutaneous versus submuscular transposi-
tion is mostly one of surgeon preference. Randomized con-
trolled trials and meta-analysis reviews have failed to show 
conclusive evidence in support of either subcutaneous or 
submuscular transposition [ 5 ,  24 – 28 ]. 

 Medial epicondylectomy is an alternative to in situ 
decompression or anterior transposition. Advocates of this 
procedure state that it removes the bony compressive ele-
ments at the cubital tunnel and relieves the tensile stress on 
the ulnar nerve [ 29 ] without extensive dissection of the nerve 
and potential compromise of its vascularity [ 30 ]. There have 
been reports of pain and instability following medial epicon-
dylectomy [ 31 ,  32 ], newer techniques such as partial or 
oblique epicondylectomy have shown promising outcomes 
[ 33 ,  34 ].  

10.7     Complications 

 Complications following surgical treatment for cubital tun-
nel syndrome include incomplete release, instability, pain, 
postoperative scar formation, and iatrogenic nerve injury 
[ 28 ,  33 ,  35 ]. Risk factors for revision surgery include age 
greater than 50 years, submuscular transposition, symptoms 
lasting longer than 6 months, and electrodiagnostic evidence 
of denervation prior to surgical intervention [ 5 ,  35 ,  36 ]. 
Patients with worse preoperative symptoms must be coun-
seled before the intervention to expect less than optimal 
results [ 22 ].  
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10.8     Surgical Technique 

 The procedure described below for endoscopic cubital tunnel 
release is an adaptation from the surgical description origi-
nally published by Cobb [ 20 ]. 

10.8.1     Anesthesia and Positioning 

 Typically, the procedure is performed under general anesthe-
sia in an operating room suite. The patient is placed supine 
on a general operating room table and a hand table is utilized 
(Fig.  10.1 ).

10.8.2        Landmarks 

 Figure  10.2  illustrates typical preoperative marking of the arm.

10.8.3        Procedure 

 The skin incision is made with a #15 blade and continued, 
raising full-thickness anterior and posterior fl aps toward the 
medial epicondyle. Care is taken to identify crossing venous 
structures; hemostasis is maintained with electrocautery. A 
branch of the medial antebrachial cutaneous nerve may be 
identifi ed, but it is not typically encountered. 

 Figures  10.3 ,  10.4 ,  10.5 ,  10.6 ,  10.7 ,  10.8 ,  10.9 ,  10.10 , 
 10.11 , and  10.12  illustrate the rest of the procedure.

            At the end of the procedure, the tourniquet is defl ated and 
hemostasis is obtained under direct visualization with pres-
sure and electrocautery. The wounds are copiously irrigated 
with a normal saline solution and closed in a layered fashion. 
The area is injected with local anesthetic (such as 1 % lido-
caine with 1:100,000 epinephrine) for postoperative pain 
control. The wounds are covered with a nonadherent gauze, 
sterile gauze, and a compressive overwrap.  

10.8.4     Postoperative Care 

 The patient is given a prescription for pain medication as 
required. Nonsteroidal anti-infl ammatory medications are 
typically avoided for the fi rst 48–72 h to minimize postop-
erative hematoma formation. The patient is instructed to 
elevate the hand and elbow and apply ice for 30 min every 
2 h for the fi rst 24 h, except while sleeping. The patient may 
remove the dressings on postoperative day 2 and shower nor-
mally, patting the elbow dry, but the elbow should not be 
soaked in standing water such as a bathtub or swimming pool 
while the sutures are in place. Light activity is allowed when 
comfortable, but heavy activity should be avoided. The 
sutures are removed 10–14 days after surgery, when the inci-
sions are healed. Activity is then progressed according to the 
tolerance of the patient.      
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  Fig. 10.1    A well-padded pneumatic tourniquet is placed on the upper 
arm and is typically infl ated to 250 mmHg. The remainder of the arm is 
prepped and draped in standard fashion       

  Fig. 10.2    The medial epicondyle of the arm is marked, as is the tip of 
the olecranon on the medial aspect. With the arm held in 45–60° of 
fl exion, the usual course of the ulnar nerve is drawn; it can typically be 
palpated under the skin. If the ulnar nerve subluxes, the arm is held with 
the nerve in a reduced position, typically in 45° of fl exion. The incision 
is drawn, extending from just proximal to the medial epicondyle to 
2 cm distal. This incision is located slightly anterior to the course of the 
ulnar nerve       

  Fig. 10.3    The fascia overlying the fl exor carpi ulnaris (FCU) muscle is 
identifi ed at the distal extent of the incision and marks the depth of the 
dissection. The fascia of Osborne’s ligament is divided over the cubital 
tunnel by removing it from the posterior aspect of the medial epicon-
dyle until the ulnar nerve is identifi ed       
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a b

  Fig. 10.4    ( a ,  b ) A blunt tenotomy scissors is used to develop a pocket 
superfi cial to the fascia and Osborne’s ligament both proximally and 
distally. Any venous structures identifi ed are either retracted or coagu-

lated. Proximally, the ulnar nerve can often be visualized emerging 
from the arcade of Struthers; distally, it passes deep to the fascia of the 
FCU       

  Fig. 10.5    Proximally, a blunt-tipped dissector is inserted deep to the 
fascia, creating a pocket for the trocar and camera       

  Fig. 10.6    The trocar is inserted deep to the fascia and superfi cial to the 
ulnar nerve. Slots within the posterior cannula should be aligned along 
the course of the ulnar nerve to ensure maximal nerve protection. The 
metal soft-tissue protection sleeve should be superfi cial to the fascia but 
deep to the subcutaneous tissues       
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a b

  Fig. 10.7    ( a ,  b ) The camera is inserted between the fascia and the protection sleeve to verify that no aberrant nerve or vascular structures are 
present within the path of the intended nerve release. The camera is inserted into the trocar sleeve       

  Fig. 10.8    The ulnar nerve is visualized through the posterior slots of 
the cannula, and the trocar is rotated to ensure that the ulnar nerve is 
safely protected along its entire course       

  Fig. 10.9    The camera should be rotated to visualize the undersurface 
of the fascia, ensuring that nerve or vascular structures are not trapped 
between the trocar and the fascia       
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a b

c d

  Fig. 10.10    ( a – d ) Under direct visualization, an antegrade cutting knife 
is inserted through the cutting slot and is used to divide the fascia. The 
knife, camera, and cannula are removed and the area is inspected to 

ensure that the fascia has been divided and no injury to the ulnar nerve 
has occurred       
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a b

c d

e f

  Fig. 10.11    ( a – f ) The procedure is replicated in the distal direction, ensuring that the ulnar nerve is released to the level of the motor branch to the 
FCU muscle       
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      Endoscopic Carpal Tunnel Release       

     Daniel     M.     Avery     III        and     Kristofer     S.     Matullo     

         Carpal tunnel syndrome (CTS) was fi rst described by Sir 
James Paget in 1854 [ 1 ,  2 ]. Today, it is recognized as the 
most common upper extremity compressive neuropathy, 
occurring under the transverse carpal ligament of the wrist 
and causing median nerve symptoms. The compression can 
be idiopathic or can result from trauma or systemic illness 
[ 3 – 5 ]. Sir James Learmouth performed the fi rst release of the 
transverse carpal ligament in 1933 for traumatic median 
nerve compression following a distal radius fracture [ 6 ]. 

11.1     Anatomy 

 The transverse carpal ligament is the distal thickened fl exor 
retinaculum found in the wrist. The hook of the hamate and 
pisiform delineate its ulnar boundaries; the scaphoid tubercle 
with trapezial ridge delineates its radial boundary [ 5 ,  7 ]. The 
median nerve is the most palmar structure within the tunnel. 
Deep and radial is the fl exor pollicis longus. On the ulnar 
side are the four fl exor digitorum superfi cialis tendons, and 
the most dorsal contents are the four fl exor digitorum pro-
fundus tendons.  

11.2     History 

 Carpal tunnel syndrome is primarily a clinical diagnosis. 
Sensory changes in the median nerve distribution are the 
fi rst effects to appear, causing numbness or tingling on the 
palmar aspect of the thumb, index fi nger, and long fi nger, 

with variable effects to the radial aspect of the ring fi nger. 
Occasionally, patients complain of a “sandpaper” sensation 
in the hand while manipulating objects. The sensory defi cit 
or changes can range from mild feelings that occur only at 
night (causing the patient to wake up and feel a need to 
shake out the affected hand) to symptoms that occur con-
stantly throughout the day, with exacerbation during use of 
the hand. 

 Pain and weakness are also common complaints of 
patients with CTS. Pain can be felt over the carpal tunnel, 
radiating into the hand towards the thenar eminence, or in 
more severe cases, radiating proximally up the arm. 
Weakness or diffi culty with fi ne motor movements com-
monly occurs as the disease progresses. Patients will admit 
to dropping even light objects, or experiencing problems 
using keys or manipulating buttons or coins. Examining the 
thenar musculature can give an indication of the severity of 
the compression, as atrophy typically represents thenar 
muscle loss.  

11.3     Etiology 

 CTS has many possible causes but is most commonly idio-
pathic. It affects between 1 and 10 % of the population and is 
more common in obese, older, inactive individuals [ 8 ]. 
Traumatic CTS can occur following a distal radius fracture 
with dorsal displacement of the distal segment, or with other 
less common injuries such as a perilunate dislocation. 
Reduction of the fracture may improve symptoms, but per-
sistent swelling can continue after fracture healing, eventu-
ally requiring surgical intervention. 

 Systemic causes can include pregnancy, obesity, diabe-
tes, hypothyroidism, amyloidosis, systemic lupus erythe-
matosus, and rheumatoid arthritis [ 3 – 5 ,  8 ]. These processes 
often can be part of a multifactorial cause or can be a cause 
of transient symptoms. Space-occupying lesions such as 
infection or tumor can also contribute to median nerve 
compression [ 9 ].  
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11.4     Physical Examination 

 A thorough physical examination of the hand, the neck, and 
the upper extremity is important for accurate diagnosis. 
Cervical radiculopathy commonly masquerades as CTS, but 
it also can be part of the “double crush” phenomenon of con-
comitant cervical and median nerve compression. Radicular 
symptoms moving proximal to distal, weakness in upper 
extremity musculature, and other positive physical examina-
tion maneuvers such as a Spurling’s sign, Lhermitte’s sign, 
or Hoffman’s sign should shift the examiner’s focus toward 
cervical spine pathology. 

 The hand may appear normal in patients with early or 
mild CTS. In advanced stages, with severe compression and 
axonal degeneration, marked atrophy of the thenar muscula-
ture may be present. This atrophy may be more diffi cult to 
appreciate when bilateral extremities are affected, and it may 
be confused with age-related changes. 

 Palpation of the thenar eminence may sometimes demon-
strate an indentation from chronic muscle wasting. 
Commonly, there are no areas of tenderness, but occasional 
patients have pain over the carpal tunnel along the course of 
the median nerve. Atrophy of the fi rst two lumbricals, those 
to the index and long fi nger, may also be noted. Atrophy of 
other muscles of the hand, such as the fi rst dorsal interosse-
ous, the dorsal and volar intrinsics, or the lumbricals to the 
ring and small fi nger, should also be evaluated to rule out 
other generalized neuropathies such as diabetic or ulnar 
neuropathy. 

 The strength of the opponens pollicis, abductor pollicis 
brevis, and fl exor pollicis brevis should be assessed. 
Weakness of palmar abduction or opposition commonly 
refl ects carpal tunnel compression. Because of the dual 
innervation of the fl exor pollicis brevis through the recurrent 
branch of the median nerve and the ulnar nerve, however, 
strength can appear normal in this muscle even with advanced 
cases of CTS. 

 Provocative physical examination maneuvers for CTS 
include Tinel’s sign, Phalen’s test, and Durkan’s compression 
test. Tinel’s sign is evoked by percussion over the median 
nerve at the wrist, with a positive fi nding of sensory distur-
bance (usually tingling) in the median nerve distribution. 
Sensitivity ranges from 48 to 73 % and specifi city ranges 
from 30 to 94 % [ 10 – 12 ]. Phalen’s test requires the patient 
to hold both wrists in a volarly fl exed position for up to 60 s. 
Paresthesias in the median nerve distribution are considered 
a positive test. Gellman et al. [ 13 ] supported this maneuver 
by showing that wrist fl exion increased the pressure within 
the carpal tunnel by up to 3 times. The Durkan compression 
test manually recreates increased pressure within the carpal 
tunnel by having the clinician press directly over the car-
pal tunnel for up to 30 s, evaluating for  paresthesias within 

the fi ngers. The sensitivity of the Durkan compression test 
has been reported to be 89 %, and specifi city to be 96 %; 
it is considered by some to be a better provocative test than 
Tinel’s sign or Phalen’s test [ 14 ,  15 ].  

11.5     Diagnostic Studies 

 Radiographs of the affected hand and wrist are not typically 
obtained in the initial offi ce visit, but in the setting of recent 
or prior trauma or a history of infl ammatory or signifi cant 
degenerative arthritis, posteroanterior (PA), lateral, and car-
pal tunnel views may demonstrate fracture malunion or a 
space-occupying lesion. CT scans are not typically obtained. 
Ultrasound can be useful for evaluating the presence of a 
mass and has the advantage of demonstrating fl exor tendon 
movement dynamically. MRI is generally used only for 
advanced imaging of a soft-tissue mass, if present. 

 Nerve conduction studies (NCS) and electromyography 
(EMG) are helpful in confi rming CTS while simultaneously 
evaluating for more proximal sites of nerve entrapment or 
generalized pathology. Positive NCS fi ndings for CTS 
include an increase in the distal motor and sensory latencies, 
decreased amplitude, and slower conduction velocities. The 
EMG may demonstrate increased insertional activity, posi-
tive sharp waves, fi brillations, and decreased motor recruit-
ment as the disease progresses. The severity of CTS graded 
by EMG and NCS can help guide the physician and patient 
regarding expectations. With increasing severity of CTS, the 
recovery time may increase and the chance of complete reso-
lution of subjective symptoms and objective fi ndings 
decreases. There is a subset of patients (16–34 %) with clini-
cal CTS but normal electrodiagnostic studies, however. For 
these patients, the clinical history and examination should 
determine the diagnosis and guide treatment [ 16 – 18 ].  

11.6     Treatment 

 Symptom severity guides the treatment for CTS. In mild 
cases without thenar atrophy or acute compression, splinting 
the wrist in a neutral position during sleep is evaluated. The 
splints help reduce the pressure within the carpal tunnel due 
to abnormal wrist positioning and may eliminate symptoms. 
Corticosteroid injections into the carpal tunnel help to 
decrease the tenosynovitis, but typically provide only tempo-
rary relief for most patients. Injections may be used as a 
diagnostic tool in cases of concomitant cervical disease or 
recurrent carpal tunnel symptoms, however, as patients who 
describe signifi cant relief after corticosteroid injections 
within the carpal tunnel typically have better results after 
surgical decompression [ 19 ]. 
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 Carpal tunnel release is indicated for patients with persis-
tent symptoms, a presentation of severe compression, thenar 
atrophy, or denervation changes on electrodiagnostic studies. 
Currently, carpal tunnel release may be performed by open, 
mini-open, or endoscopic techniques. Despite the advances 
in endoscopy, many surgeons still favor open carpal tunnel 
release, and it is still the procedure of choice for recurrent 
CTS or patients with additional pathology, such as the pres-
ence of a mass. Endoscopic release has been shown to have 
excellent results, with less postoperative pain, scar tender-
ness, thumb weakness, and a quicker return to work [ 2 ]. All 
techniques typically result in high patient satisfaction, reduc-
tion in paresthesias, variable return of motor function, and a 
relatively low complication rate [ 2 ,  20 ].  

11.7     Complications 

 Complications following endoscopic carpal tunnel release 
are relatively rare. They include incomplete release, ulnar 
nerve symptoms, painful scar, and recurrent tenosynovitis 
[ 20 ,  21 ]. For the Chow two-incision endoscopic technique 
(the basis for the technique presented in this chapter), 
reported rates of recurrence, incomplete release, and tran-
sient ulnar nerve symptoms are all less than 1 % [ 20 ].  

11.8     Surgical Technique 

11.8.1     Anesthesia 

 The endoscopic carpal tunnel release procedure historically 
has been performed under either general anesthesia or local 

anesthesia with intravenous sedation. We now routinely per-
forming this procedure under local anesthesia only, as popu-
larized by Lalonde and Wong [ 22 ]. We administer an injection 
of 20 mL 1 % lidocaine with 1:100,000 epinephrine buffered 
by 2 mL of 8.4 % sodium bicarbonate. By injecting 5 mL into 
the proximal, middle, and distal portions of the procedure site 
approximately 20–30 min prior to the procedure, full visual-
ization of anatomic structures is possible while the patient 
remains comfortable. It also affords the convenience of 
allowing consumption of meals, which can be important for 
diabetics, and allows full cooperation in the operative suite. 
This technique should not be used in patients with an allergy 
to local anesthetics or patients with vascular pathology affect-
ing the hand, fi ngers, or forearm. If anesthesia is requested by 
the patient or preferred by the surgeon, either sedation or gen-
eral anesthesia may be used. For these cases, local anesthetic 
(typically a 1:1 mixture of 1 % lidocaine and 0.25 % bupiva-
caine without epinephrine) is injected after anesthesia but 
prior to incision, assuming no contraindications.  

11.8.2     Positioning 

 The procedure is performed with the patient in the supine 
position with a hand table. A tourniquet is not typically 
applied with local anesthesia cases, but if no epinephrine is 
used, then a well-padded tourniquet is placed on the upper 
arm to aid in visualization during the procedure. The arm is 
abducted to 90° or to the patient’s comfort, where it is ster-
ilely prepped and draped. The following procedure is an 
adaptation of the procedure originally described by Chow 
[ 23 ], utilizing an extrabursal approach, to which he transi-
tioned after its fi rst description [ 20 ].  
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11.8.3     Landmarks 

 Figures  11.1  and  11.2  illustrate the preoperative marking of 
the incision sites.

11.8.4         Procedure 

 Figures  11.3 ,  11.4 ,  11.5 ,  11.6 ,  11.7 ,  11.8 ,  11.9 ,  11.10 ,  11.11 , 
 11.12 ,  11.13 ,  11.14 ,  11.15 ,  11.16 ,  11.17 ,  11.18 ,  11.19 , and 
 11.20  illustrate the rest of the procedure.

11.8.5                         Postoperative Care 

 The patient is instructed to elevate the hand and to move the 
fi ngers into a fi st 10 times every 2 h for the fi rst 24 h, except 
while sleeping. The patient may remove the dressings on post-
operative day 2 and shower normally, patting the hand dry, but 
the hand must not be soaked in standing water such as dish-
water, a bathtub, or a swimming pool while the sutures are in 
place. Light activity is allowed when comfortable, but heavy 
activity should be avoided. The sutures are removed 7–10 
days after surgery, when the incisions are healed. Activity is 
then progressed according to the tolerance of the patient.      

  Fig. 11.2    Our proximal incision is centered to slightly radial over the 
median nerve. We choose to place it just proximal to the distal wrist 
fl exion crease for patient comfort postoperatively. The distal, or palmar, 
incision is placed at the junction of a line connecting the fully radially 
abducted thumb and the hamate hook and a line drawn from the radial 
aspect of the ring fi nger       

  Fig. 11.1    We routinely mark the pisiform and draw the anticipated 
path of the median nerve ( dotted line ), which is directly beneath or 
slightly ulnar to the palmaris longus tendon (if present). The fl exor 
carpi radialis should be easily palpable in most patients and serves as 
the radial extent of the median nerve’s path, with the most ulnar aspect 
typically at the level of the fl exor tendons       
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  Fig. 11.3    Utilizing a #15 blade, the proximal skin is incised with dis-
section through the superfi cial tissue, in line with the median nerve, 
using a blunt tenotomy scissors to the antebrachial fascia       

  Fig. 11.4    Two medium smooth retractors aid the superfi cial retraction. 
The palmaris longus, if present, is retracted radially to protect the pal-
mar cutaneous branch of the median nerve. A third retractor retracts the 
proximal skin to expose the antebrachial fascia for incision       
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  Fig. 11.6    A Chow elevator is inserted into the carpal tunnel at approxi-
mately a 45° angle through the proximal opening to create a path for the 
camera trocar. The elevator should be inserted carefully to avoid viola-
tion of the median nerve, which is easily visualized. The tip of the ele-
vator is used to brush the undersurface of the transverse carpal ligament, 
creating a “washboard” sensation. Occasionally, in chronic cases of 
carpal tunnel syndrome, the transverse carpal ligament is adherent to 
the underlying contents, in which case the Chow elevator can be used to 
gently free the undersurface of the ligament       

  Fig. 11.5    A separate (deep) #15 blade is used to create an opening in 
the antebrachial fascia. The blunt tenotomy scissors are used to safely 
complete the proximal release of the antebrachial fascia. The scissors 
are directed proximally and slightly ulnarward, to protect the palmar 
cutaneous branch of the median nerve. The fascia is released for 2–3 cm       
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  Fig. 11.7    Once the Chow elevator has traversed the extent of the liga-
ment, the tip is palpable at the palmar incision. Palpation of the elevator 
tip distal to the previously marked incision should be carefully evalu-
ated, as the superfi cial palmar arch will be in close proximity. Extending 
the wrist will displace the arch dorsally, protecting it from injury       

  Fig. 11.8    ( a – c ) Distal incision is made with the “skin” #15 blade with 
dissection in line with palmar fascia, using the Stevens tenotomy scis-
sors to create a path for the Chow elevator to be delivered through the 
distal surgical site. To decrease the chance of injury to the palmar arch, 
two medium smooth retractors aid in visualizing the tip of the Chow 
elevator as it is delivered distally       

a
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a b

  Fig. 11.9    ( a ,  b ) Leaving one medium smooth retractor in the distal site 
and moving one to the proximal site, the slotted camera trocar with obtura-
tor is inserted beneath the transverse carpal ligament, using the obturator 

tip to “scrub” the undersurface of the ligament as previously done with the 
Chow elevator. As the obturator tip approaches the palmar incision, both 
medium smooth retractors protect the palmar arch by aiding its delivery       

b c

Fig. 11.8 (continued)
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a b

  Fig. 11.10    Once the trocar has been delivered through the palmar incision ( a ), a thumb should be placed in the curved end of the obturator ( b ) to 
control the rotation of the trocar while the hand is positioned on the endoscopic platform       
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  Fig. 11.11    The extremity is placed on the endoscopic platform with 
the elbow fl exed to approximately 45° and the wrist extended to 70° (or 
the patient’s comfort level). A strap is placed over the fi ngers to allow 
instrument insertion through each end of the trocar       

  Fig. 11.12    A 30° endoscope is inserted through the distal end of the 
trocar and a sterile Q-tip is rotated through the proximal end to clear 
any adipose tissue or debris from the undersurface of the ligament and 
the trocar opening, for excellent visualization. As the Q-tip is inserted, 
it should be rotated radially to avoid pulling any stray epineurium from 
the recurrent branch of the median nerve into the trocar opening       

  Fig. 11.13    Endoscopic view after the Q-tip has been passed, showing 
excellent visualization of the undersurface of the transverse carpal liga-
ment. If there is any question of aberrant structures, the endoscopic 
technique should be converted to an open procedure, as the recurrent 
branch of the median nerve piercing the transverse ligament has been 
reported [ 24 ]       

  

 

D.M. Avery III and K.S. Matullo



119

a b

  Fig. 11.14    ( a ,  b ) A reverse cutting endoscopic knife is then inserted 
under direct visualization with the endoscope, to divide the ligament 
from distal to proximal. We choose to use a knife with a smooth hook to 
engage the distal extent of the ligament, but other options are available. 
To further protect the median nerve, the surgeon’s hand should be 

pulled radially in order to move the knife blade ulnarly, and the knife 
should be ulnarly rotated so that the division within the trocar occurs on 
the ulnar border of the slit. If any resistance is encountered, the knife 
can be removed to ensure that the recurrent branch of the median nerve 
is not endangered       
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a b

c

  Fig. 11.15    The ligament is divided smoothly, staying on the ulnar side of the slotted trocar ( a ). After division, the trocar can be slightly rotated 
radially and ulnarly ( b ,  c ) to identify the sectioned edges of the ligament       
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  Fig. 11.16    After successful division of the ligament, the slotted trocar 
is removed, leaving the endoscope in place. This fi gure demonstrates 
the view without the trocar; the transected edges of the ligament can be 
seen. The median nerve is seen as the structure at the bottom of the 
endoscopic view       

a b

  Fig. 11.17    After removal of the endoscope and trocar, the proximal ( a ) and distal ( b ) sites are inspected for successful division of the ligament       
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  Fig. 11.18    The surgical site is copiously irrigated with a bulb syringe 
delivering warm normal saline from proximal to distal. Care is taken 
not to release the bulb within the wound, protecting the median nerve       

a b

  Fig. 11.19    ( a ,  b ) The surgical wounds are closed with a nonabsorbable suture, such as 4-0 Prolene™, in a horizontal mattress fashion       
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  Fig. 11.20    ( a – e ) A sterile, soft dressing is applied, consisting of nonadherent gauze, 4 × 4 gauze over the wound and between adjacent digits, 
cotton or gauze sterile under wrap, and a compressive overwrap         

a b

c d
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      Endoscopic Flap Design and Harvesting       

     Yoko     Katsuragi-Tomioka       and     Masahiro     Nakagawa     

         The use of endoscopes has achieved general acceptance in 
most areas of surgery. Plastic surgery was not one of the ear-
liest specialties to incorporate endoscopic surgical tech-
niques, but because of its overriding demand for smaller 
incisions, its use has become popular in recent decades. 
After Teimourian and Kroll [ 1 ] reported the use of a subcu-
taneous endoscope in suction lipectomy in 1984, indications 
in plastic surgery increased rapidly, especially in the 1990s. 

 The fi rst indication for the use of an endoscope in plastic 
surgery was for the release of the carpal ligament [ 2 ], for 
forehead or brow lifts [ 3 ,  4 ], for breast surgery [ 5 ,  6 ], and for 
abdominoplasties [ 7 ,  8 ]. Surgical endoscopy expanded rap-
idly, and various fl aps began to be harvested with endoscopic 
assistance. Harvesting of the omentum [ 9 ,  10 ], the jejunal 
free fl ap [ 11 ,  12 ], the latissimus dorsi [ 13 – 16 ], the rectus 
abdominis [ 17 ,  18 ], and the gracilis [ 19 – 21 ] were all reported 
in the mid-1990s. Indications are still expanding, such as in 
cranioplasties [ 22 ] and maxillofacial traumas [ 23 – 25 ]. 

 Because intramuscular dissection is necessary to harvest 
perforator fl aps, accomplishing the whole procedure under 

endoscopy is not easy, but the fi ndings obtained by an 
endoscopic approach surely help the surgeon to make intra-
operative decisions. These techniques enable minimum 
sacrifi ce of the donor site, precise design, less stress on the 
surgeon, and an educational opportunity for the assistants 
and audience. 

 It is well known that the perforator of the anterolateral 
thigh (ALT) fl ap is often located at the midpoint of the ante-
rior superior iliac spine and the lateral margin of the patella 
[ 26 ], but of course this location varies. When harvesting a 
large fl ap, this uncertainty is not a problem, as the perforator 
will be included anyway, but when it comes to harvesting a 
small fl ap, there is a risk that the initial design will not 
include the perforator (Fig.  12.1 ).

   The classic approach was to confi rm the design after mak-
ing a long incision and locating the perforator, or to harvest a 
large fl ap and trim it afterwards. By providing added infor-
mation about the exact location of the perforator, endoscopes 
make it possible to avoid extra skin incision or extra tissue 
harvesting (Fig.  12.2 ).
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Is the perforator really

included (when you design

a small flap)?

  Fig. 12.1    Large fl aps would 
include the perforators anyway. 
On the other hand, it is diffi cult to 
design small fl aps       
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12.1       Training 

 Handling of endoscopes requires some training, for which 
we recommend using suitable animal models. Perforator 
fl aps of pigs are a preferable animal model, considering their 
size and the structure of the subcutaneous tissue. For the 
example shown in Fig.  12.3 , a female Yorkshire pig weigh-
ing 35 kg was used at our Animal Laboratory in compliance 
with the  Guide for the Care and Use of Laboratory Animals 
for Institutions of the Governing Agency  published by the 
Japanese Ministry of Health, Labor and Welfare. A 2-cm 
skin incision is fi rst made in the thigh of the pig, and the cav-
ity for the endoscopic camera is made using manual 
retractors.

   Then a standard 10-mm, 0°-angle endoscopic camera is 
put into the subcutaneous layer (Fig.  12.4 ).

   Standard surgical endoscopic instruments such as scis-
sors, dissectors, and monopole coagulators are used to dis-
sect the subcutaneous layer and to cut the tissue surrounding 
the perforator (Fig.  12.5 ).

   The subcutaneous tissue is loose, so dissectors are applied 
fi rst to make this layer honeycomb-like (Fig.  12.6 ); then scis-
sors are used to cut the remaining fi brous tissue (Fig.  12.7 ).

    Tissues including vessels are coagulated by monopole 
diathermy. An aspirator at the incision helps to clear the 
misty view. Though the skin incision is short, the surgeon 
and the assistants can see everything more closely and much 
more clearly because the lens of the camera has a wide angle 
and high magnifi cation, so it is not diffi cult to fi nd the perfo-
rator in the subcutaneous tissue. After detecting the perfora-
tor and marking its location, the fl ap is designed and the skin 
incision is performed to harvest the fl ap (Figs.  12.8 ,  12.9 , 
and  12.10 ).

Small incision

Obtaining optical space

Endoscopic study

Location of perforator

Flap designing with minimum sacrifice

Endoscope-assisted ALT harvest

  Fig. 12.2    Steps of harvesting anterolateral thigh (ALT) fl aps using an 
endoscope. By obtaining information about the exact location of the 
perforator, the endoscope makes it possible to avoid extra skin incision 
or extra tissue harvesting       

  Fig. 12.3    An incision (2 cm in length) made in the thigh of a pig for 
endoscopic training       
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  Fig. 12.5    Standard surgical endoscopic instruments, including scis-
sors, dissectors, and monopole coagulators       

a b

  Fig. 12.6    ( a ,  b ) The loose subcutaneous tissue is fi rst dissected to become honeycomb-like.  D  dissector,  R  retractor,  P  perforator       

a b

  Fig. 12.7    ( a ,  b ) Scissors cutting the remaining fi brous tissue.  P  perforator,  R  retractor,  S  scissors       

  Fig. 12.4    Two retractors are inserted to obtain optic space. A standard 
10-mm, 0°-angle endoscopic camera is put into the subcutaneous layer       
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12.2          Surgical Technique 

 After a brief survey of the perforators with a hand-held 
Doppler, a 2-cm skin incision is made at the anterior aspect 
of the thigh (Fig.  12.11 ).

   This incision can be made either medial or lateral to the line 
through the anterior superior iliac spine and the lateral margin 
of the patella, but the lateral approach does not require the 
procedure to cross the septum to fi nd the musculocutaneous 
perforators arising from the vastus lateralis (Fig.  12.12 ).

   Subcutaneous tissue is dissected with two retractors to the 
femoral fascia. An incision is made through the fascia, and 
the edges of the fascia are clamped by a Kocher or mosquito 
clamp (Fig.  12.13 ).

   After dissection of the subfascial layer under direct vision, 
one retractor is inserted to pull up the fascia and one to push 
down the rectus femoralis or the lateral vastus muscle to 
obtain an optical cavity (Fig.  12.14 ).

   A 3-mm, 0°-angle endoscopic camera (Fig.  12.15 ) is 
inserted into this working space, and microdissecting forceps 
are placed to perform subfascial dissection.

   The procedure is performed under endoscopy, which 
enables the surgeons to fi nd even the smallest perforators 
with large magnifi cation. The video monitor also allows the 
assistants to have the same view as the surgeons (Fig.  12.16 ).

   Though the subfascial tissue is loose, the fi rst view would 
look like Fig.  12.17 .

   As was done in the training procedure, microdissecting for-
ceps are applied to detach the loose areolar tissue (Fig.  12.18 ).

   Normal scissors are then applied to isolate the perforator 
(Fig.  12.19 ).

   The high magnifi cation of the endoscope provides a fi ne 
view of even the smallest perforators (Fig.  12.20 ).

   Once the perforators are detected, their location is marked 
using the transillumination from the light source (Fig.  12.21 ).

   Flap design is then confi rmed, and the fl ap is harvested 
with the usual technique.  

  Fig. 12.8    After the location of the perforator has been confi rmed, the 
fl ap is designed       

  Fig. 12.9    Endoscopic dissection can isolate the perforator       

  Fig. 12.10    The perforator fl ap is harvested       

  Fig. 12.11    Skin incision to the lateral aspect of the thigh       
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  Fig. 12.12    Schema of endo-
scopic harvesting of an ALT fl ap       

  Fig. 12.13    After dissection of the subcutaneous tissue with two retrac-
tors, the femoral fascia is incised and the edge is clamped by Kocher or 
mosquito clamps       

  Fig. 12.14    One retractor is inserted to pull up the fascia to obtain an 
optical cavity       

  Fig. 12.15    A 3-mm, 0°-angle endoscopic camera       

  Fig. 12.16    The video provides both the surgeon and the assistants with 
a wide-angle, high-magnifi cation view       
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a b

  Fig. 12.17    ( a ,  b ) The view from the camera in the subfascial layer above the vastus lateralis.  F  fascia,  M  vastus lateralis muscle,  R  retractor,  S  
loose areolar tissue of the subfascial layer       

a b

  Fig. 12.18    ( a ,  b ) Microdissecting forceps are used to detach the loose areolar tissue.  F  forceps,  Fa  fascia,  M  vastus lateralis muscle       

a b

  Fig. 12.19    ( a ,  b ) Normal scissors are then used to isolate the perforator.  F  fascia,  M  vastus lateralis muscle,  P  perforator,  S  scissors       
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a b

  Fig. 12.20    ( a ,  b ) The isolated perforator arising from the muscle. On video, even the smallest perforators with their pulsation can be seen under 
the high-magnifi cation view.  F  fascia,  M  vastus lateralis muscle,  P  perforator       

  Fig. 12.21    The location of the perforator is marked by transillumina-
tion from the light source, and then the fl ap is designed [ 27 ]       

 

 

Y. Katsuragi-Tomioka and M. Nakagawa



133

12.3     Results 

 Endoscopy is useful to ensure the location of the perforator, 
leading to precise fl ap design. The fl ap can be harvested 
without any extra skin incision or extra tissue harvesting. 
Endoscopic fi ndings minimize donor morbidity because 
there is no need to make the fl ap larger than the defect in 
order to “be sure” that the perforator is included (Fig.  12.22 ).

   Endoscopy is especially useful when small fl aps are 
needed or when the exact location of the perforator is impor-
tant. The technique is also useful for deep inferior epigastric 
artery perforator fl aps, and has the potential to be furthered 
applied to other perforator fl aps.  

Endoscopic
study

Minimum donor
morbidity

Superior
visualization with

magnification

Less surgeons’
stress

Educational by
sharing vision

Precise
design

  Fig. 12.22    Advantages of using the endoscopic approach       
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12.4     Indications and Contraindications 

 A requirement for small fl aps or for fl aps with precise design 
of the location of the perforators is the indication for this 
method. Contraindications include a need for large fl aps, 
which would include the perforators anyway. Obesity is not 
a contraindication, but the incision for the endoscope tends 
to be larger.  

    Conclusions 

 Intraoperative decisions based on endoscopic fi ndings 
enable accurate design of the fl ap, which leads to mini-
mum sacrifi ce of the donor site. Endoscopy is especially 
useful in harvesting small ALTs, or when an extra-precise 
design is needed. The scar is not always very small owing 
to the requirements of the pedicle length, but extra scars 
can be avoided. 

 Endoscopy provides high-magnifi cation, wide-range 
views for both the surgeon and assistants, which enables 
sharing of information and education. Endoscope-assisted 
fl ap design also makes the procedure less stressful for the 
surgeon, who can be sure of the existence or location of 
the perforator before making any skin incision to harvest 
the fl ap.     
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