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    Abstract     The key to a safe thyroidectomy is to dissect in the 
correct cervical planes using absolutely meticulous, bloodless 
technique. This optimizes the surgeon’s ability to identify 
and preserve delicate perithyroidal structures such as the 
recurrent laryngeal nerve and parathyroid glands, as well 
as minimize the risk of life-threatening postoperative neck 
hematoma. This chapter describes the technique of a conven-
tional thyroidectomy performed via an anterior cervical inci-
sion. An overview of preoperative workup and postoperative 
care is also included.  

  Keywords     Thyroid   •   Thyroidectomy   •   Thyroid nodule   • 
  Thyroid cancer   •   Goiter   •   Hyperthyroidism   •   Hypothyroidism   
•   Recurrent laryngeal nerve   •   Parathyroid  

    Chapter 1   
 Total Thyroidectomy 
and Thyroid Lobectomy                     
     Insoo     Suh       and     Wen     T.     Shen     
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        Indications 

 The indications for thyroidectomy encompass a wide spec-
trum of thyroid disorders, but the majority fall under three 
categories:

    1.    Hyperthyroidism or thyroiditis refractory to nonsurgical 
management [ 1 ,  2 ]   

   2.    goiters with or without local compressive symptoms [ 3 ,  4 ], 
and   

   3.    thyroid nodules and cancers [ 5 ].     

 The decision to perform a total thyroidectomy versus 
unilateral lobectomy or other more limited procedure 
depends on the underlying disease, the patient’s clinical 
profile, suspicion of intraoperative recurrent laryngeal 
nerve injury, and in some instances on surgeon or patient 
preference.  

    Preoperative Preparation 

 All patients undergoing thyroidectomy should have preop-
erative biochemical thyroid function tests as well as a neck 
ultrasound with fine-needle aspiration biopsies of suspicious 
nodules [ 6 ]. Depending on the type and extent of disease, 
selected patients may require further imaging studies such as 
CT, MRI, thyroid scintigraphy, and endoscopy [ 7 ]. Patients 
should ideally be euthyroid at the time of operation, either 
with antithyroid medication and/or Lugol’s solution for 
hyperthyroidism or exogenous thyroid hormone supplemen-
tation for hypothyroidism. 

 Preoperative laryngoscopy must be performed on any 
patient with hoarseness or a prior history of neck operations 
in order to assess preoperative vocal cord function. Pre- 
anesthetic evaluation should be a routine step prior to any 
procedure requiring general anesthesia.  

I. Suh and W.T. Shen
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    Positioning and Anesthesia 

 Most thyroidectomies are performed under general anesthe-
sia with endotracheal intubation. The patient is placed supine 
in a 20° reverse Trendelenburg position, with both arms 
tucked. The neck is extended by placing a beanbag or soft roll 
behind the scapulae and a foam ring under the head. This 
places the thyroid in a more anterior position. The head must 
be well-supported to prevent neck hyperextension and post-
operative posterior neck pain. 

 The use of intraoperative nerve monitoring (IONM) for 
recurrent laryngeal nerve (RLN) function has become 
increasingly common in many endocrine surgical practices 
despite ongoing controversy over the true effectiveness of 
IONM in reducing the incidence of RLN injury and vocal 
cord palsy [ 8 ]. Proponents of IONM use cite its value in, 
among other things, tracing the anatomic course of nerves 
(particularly for challenging situations such as reoperations), 
more sensitively detecting injury in the intraoperative set-
ting, and enabling the detection of vagal and superior laryn-
geal nerve function. If the use of IONM is planned, an 
appropriate endotracheal tube with contact electrodes for 
the vocal cords is used, and grounding and return surface 
electrodes are applied per the individual manufacturer’s 
instructions. The remainder of this chapter will assume and 
describe the use of IONM during the relevant steps of the 
operation. 

 We routinely perform a bilateral superficial cervical anes-
thetic block with 0.25 % bupivacaine, as this provides excel-
lent anesthesia in the postoperative setting [ 9 ]. In addition, 
prior to surgical prep, we routinely perform our own intraop-
erative neck ultrasound in order to (1) confirm the findings 
of the preoperative study, (2) identify any new findings, and 
(3) assess the overall anatomy of the gland to facilitate inci-
sion placement and operative planning. The surgical area is 
prepared with 1 % iodine or chlorhexidine and sterilely 
draped.  

Chapter 1. Total Thyroidectomy and Thyroid Lobectomy
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    Description of Procedure 

 In general, thyroid operations should be performed in a 
bloodless field so that vital structures can be identified. 
Bleeding obscures the normal color of the parathyroids and 
RLN, placing these important structures at greater risk for 
injury. If bleeding does occur, application of manual pressure 
is the preferred hemostatic maneuver; vessels should be 
clamped only if they are precisely identified, or shown to not 
be in close proximity to the RLN. 

 A centrally placed, 4–5 cm Kocher transverse incision is 
made typically 1 cm caudad to the cricoid cartilage, parallel-
ing the normal skin lines of the neck (Fig.  1.1 ). The incision is 

  Figure 1.1    Skin incision. The pen marks, from top to bottom, denote 
the thyroid cartilage, cricoid cartilage, and suprasternal notch, 
respectively. A centrally placed, 4–6 cm Kocher transverse incision is 
made 1 cm caudad to the cricoid cartilage, paralleling the normal 
skin lines of the neck ( white dotted line )       
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extended through the platysma, and subplatysmal flaps are 
raised, first cephalad to the level of the thyroid cartilage and 
then caudad to the suprasternal notch. Five straight Kelly 
clamps placed on the dermis of each flap aid in retraction for 
this dissection.

   In a cancer operation, dissection of the thyroid gland is 
generally begun on the side of the suspected tumor, since 
problems with the dissection on this side (e.g. concern for 
RLN injury) could allow the surgeon the option to per-
form a less-than-total thyroidectomy on the contralateral 
side in order to avoid bilateral injury and resultant com-
plications. One exception is the large bulky tumor, in 
which case the surgeon may choose to resect the contra-
lateral side first in order to more easily mobilize the 
larger lobe. 

 The strap muscles are separated in the midline via an 
incision through the superficial layer of the deep cervical 
fascia starting at the suprasternal notch and extending 
cephalad to the thyroid cartilage. On the side of the sus-
pected tumor, the more superficial sternohyoid is sepa-
rated from the deeper sternothyroid muscle by blunt 
dissection, proceeding laterally until the ansa cervicalis is 
visible at the lateral border of the sternothyroid muscle. 
The sternothyroid is then dissected from the underlying 
thyroid capsule until the middle thyroid vein is encoun-
tered laterally. The thyroid is retracted anteromedially, and 
the carotid sheath and strap muscles are retracted laterally. 
A peanut sponge can be used to facilitate retraction and 
exposure of the area posterolateral to the thyroid. The 
middle thyroid vein is optimally exposed for division at this 
time (Fig.  1.2 ). For those that use IONM, a pre-RLN dissec-
tion vagus signal (denoted V1) is obtained by stimulating 
the vagus nerve which is typically located posterolateral to 
the carotid.

   In the case of thyroid lobectomy, the isthmus is usually 
divided early in the dissection to facilitate mobilization. 
The isthmus is clamped and divided lateral to the midline, 
taking care to not leave residual tissue anterior to the 
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 trachea to minimize the chances of hypertrophy of the 
thyroid remnant. Energy sealing devices such as the 
Ligasure (Covidien, New Haven, CT) or Harmonic scalpel 
(Ethicon, Cincinnati, OH) are useful for dividing the thy-
roid parenchyma in a hemostatic manner; alternatively, 
the isthmus can be divided with a scalpel between clamps 
and the thyroid remnant oversewn at the cut edge. The 
pyramidal lobe, present in 80 % of patients, drapes cepha-
lad over the anterior midline just right or left of the cri-
coid cartilage, and can extend as superiorly as the hyoid 
bone. It is dissected until it tapers into a fibrous band, 
divided, and ligated. 

  Figure 1.2    Identification of the middle thyroid vein (MTV). On this 
side, the right thyroid lobe (RTL) is retracted antero-medially to 
expose the MTV, which is isolated in preparation for division and 
ligation       
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 The superior pole is dissected mostly in a blunt fashion 
with a small peanut sponge on a clamp. The dissection is 
 carried out superolaterally and posteriorly, with counter-
traction of the thyroid inferomedially. This exposes the 
superior thyroid vessels, as well as some connective tissue 
lateral to the superior pole. These tissues are carefully 
mobilized below the level of the cricothyroid muscle, since 
the RLN passes through Berry’s ligament and dive deep to 
the inferior constrictor muscle at the level of the cricoid 
cartilage. The superior pole is similarly separated from the 
cricothyroid muscle medially with gentle blunt sweeping 
(into the so-called avascular space of Reeve). The superior 
pole vessels are dissected, double- or triple-clamped, and 
ligated (Fig.  1.3 ); again, the use of energy sealing devices 
may augment or replace manual ligation. They are then 
divided close to the surface of the thyroid in order to pre-
vent injury to the external branch of the superior laryngeal 
nerve as it traverses the anterior surface of the cricothyroid 
muscle. Division of these vessels allows for easy sweeping 
of the remaining filmy tissues away from the posterior 
aspect of the superior pole via blunt dissection. The supe-
rior parathyroid gland is often identified behind the supe-
rior pole during this dissection, at the level of the cricoid 
cartilage (Fig.  1.3 ).

   The mobilization of the lateral and inferior aspects of the 
thyroid lobe includes the definitive identification of the infe-
rior parathyroid gland (Fig.  1.4 ). With the inferior thyroid 
lobe retracted anteromedially and the carotid sheath later-
ally, dissection should proceed cephalad along the lateral 
edge of the thyroid. Fatty and lymphatic tissues immediately 
adjacent to the thyroid are swept laterally with a peanut 
sponge, and small vessels are ligated with clips. The inferior 
parathyroid is usually encountered during this lateral mobili-
zation, and care must be taken to not transect any tissues in 
this area until these vital structures are identified. The loca-
tion of the inferior parathyroid gland is less constant than 
that of the superior gland, but it is invariably located anterior 
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to the RLN and inferior to the inferior thyroid artery as it 
crosses the RLN. In its “normal” location, it is often adherent 
to the posterolateral surface of the inferior lobe. All normal 
parathyroid glands should be carefully swept away from the 
thyroid on as broad a vascular pedicle as possible to prevent 
devascularization, since this would necessitate autotransplan-
tation of the gland.

   Once the superior pole and inferior aspect of the lobe are 
dissected and mobilized, the majority of the gland aside from 
its tracheal attachments and ligament of Berry can be deliv-
ered out of the incision with anteromedial retraction. This 

  Figure 1.3    Dissection of the superior pole ( SP ). In the image, 
counter- traction of the right thyroid lobe ( RTL ) infero-medially 
exposes the SP vessels, which are individually skeletonized, clamped, 
and ligated       
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judicious retraction (either with a finger or with an atrau-
matic sponge) is imperative for controlled dissection and 
protection of the RLN. Care must be taken not to use exces-
sive force, which may place the nerve under stretch and 
increase the risk of injury. The course of the right and left 
RLN can vary considerably. The left RLN is usually situated 
deeper and more medially, running in the tracheoesophageal 
groove, while the right RLN takes a more superficial and 
oblique course and may pass either anterior or posterior to 
the inferior thyroid artery. Two commonly-used rules of 
thumb are used for RLN identification: (1) it is located within 

  Figure 1.4    Identification of the inferior parathyroid ( IPT ). After 
the superior pole ( SP ) has been dissected and mobilized, the right 
thyroid lobe ( RTL ) is retracted supero-medially to begin the infe-
rior pole dissection. The IPT is often variable in position, but is 
invariably anterior to the recurrent laryngeal nerve. The pyramidal 
lobe ( PyL ) is also seen medially       
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1 cm anteromedial to the superior parathyroid, at the level 
where the nerve crosses the inferior thyroid artery; and (2) its 
course through the ligament of Berry is also situated just 
posteromedial to a small posterolateral protuberance of the 
thyroid lobe known as the tubercle of Zuckerkandl (Fig.  1.5 ). 
Once the nerve is dissected and visually identified, the IONM 
may be used to obtain an initial signal (denoted R1).

   Once the parathyroids and RLN are identified and pre-
served, the remainder of the thyroid is easily dissected in a 

  Figure 1.5    Identification of the superior parathyroid gland ( SPT ) 
and recurrent laryngeal nerve ( RLN ). The SPT is usually posterolat-
eral to the RLN (shown here with the nerve monitoring probe), at 
the level of the cricoid cartilage. The right thyroid lobe, including the 
tubercle of Zuckerkandl ( TOZ ), is retracted medially for optimal 
exposure of the RLN       
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more superficial plane off of the trachea. Occasionally, the 
course of the RLN at the ligament of Berry is intimately 
 associated with the thyroid tissue at the tubercle of 
Zuckerkandl; in these circumstances, it would be appropriate 
to leave a small amount of thyroid tissue behind in the inter-
est of protecting the nerve. The entire thyroid lobe should 
now be completely freed. 

 Meticulous hemostasis is obtained, and post-resection 
RLN and vagus signals (denoted R2 and V2, respectively) are 
confirmed with the IONM system. If a total thyroidectomy is 
to be performed, the same steps described above apply for 
the contralateral lobe. 

 For closure, the sternothyroid and sternohyoid muscles are 
re-approximated with 3-0 absorbable sutures, with a small 
opening left in the midline at the suprasternal notch to allow 
any blood to exit. The platysma layer is approximated with 
similar sutures, and the skin is closed with a 4-0 subcuticular 
monofilament absorbable suture.  

    Postoperative Care 

 Though relatively uncommon in experienced centers, signifi-
cant complications can occur after thyroidectomy, including 
RLN injury, hypoparathyroidism, bleeding and neck hema-
toma leading to life-threatening airway compromise, injury to 
the external branch of the superior laryngeal nerve, infection, 
seroma, and keloid formation. Because of the small but seri-
ous risk of neck hematoma, postoperative patients are usu-
ally admitted overnight to the hospital ward for observation. 
They are positioned in a low Fowler position with the head 
and shoulders elevated 10–20° for the first 6–12 postopera-
tive hours, in order to maintain negative pressure in the veins. 
Eating is resumed within 4 h. For patients who have under-
gone bilateral exploration, serum calcium levels are mea-
sured 6 h after operation and again the next morning; a serum 
phosphorus level is also measured at the latter time point. 
Since calcium levels may not nadir for several days after 
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 surgery, a parathyroid hormone level may be obtained post- 
operatively to help assess the risk of hypocalcemia. Patients 
who have undergone unilateral first-time exploration do not 
require biochemical evaluation. Oral calcium supplements 
are administered for signs of biochemical and/or symptom-
atic hypocalcemia. 

 The vast majority of patients are discharged on the first 
postoperative day; they are given a prescription for thyroid 
hormone supplementation if the procedure was more exten-
sive than a lobectomy, and are instructed to take calcium 
tablets for symptoms of hypocalcemia. Most patients can 
return to work or full activity within 1 week. They are seen in 
the outpatient clinic within 2 weeks after discharge, at which 
time further management is discussed in light of the pathol-
ogy findings as well as the results of any relevant follow-up 
laboratory evaluation.     
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    Abstract     The central compartment of the neck, also known 
as level VI, is bounded by the carotid arteries laterally, the 
hyoid bone superiorly, and the suprasternal notch or innomi-
nate artery inferiorly. Papillary thyroid cancer, derived from 
follicular cells, and medullary thyroid cancer, derived from 
parafollicular cells, commonly metastasize to the cervi-
cal lymph nodes. Therapeutic central neck dissection for 
papillary thyroid cancer is clearly indicated, while routine 
prophylactic central neck dissection for papillary thyroid 
cancer is controversial. Pre-operatively, all patients should 
undergo comprehensive neck ultrasound with fine needle 
aspiration biopsy of any suspicious lymph nodes. To perform 
a central neck dissection, the patient is positioned supine 
with the neck extended. Total thyroidectomy is performed 
in the standard fashion. The thin fascial layer overlying the 
recurrent laryngeal nerve is incised and the nerve then dis-
sected away from the fibrofatty lymph node-bearing tissue 
of the paratracheal space extending from the point of the 
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nerve’s insertion into the criocthyroid muscle superiorly to 
the thoracic inlet  inferiorly and between the carotid arter-
ies laterally. The pretracheal tissue is dissected inferiorly to 
the suprasternal notch. The lower parathyroid gland is fre-
quently devascularized during this procedure and should be 
autotransplanted if its blood supply is in doubt. Drains are 
not usually necessary. Patients are usually discharged home 
the following day.  

  Keywords     Papillary thyroid cancer   •   Medullary thyroid 
cancer   •   Delphian lymph node   •   Lymph node metastases   • 
  Central neck dissection   •   Level 6 lymph nodes  

        Indications 

 Lymph nodes in the neck are classified by their location 
(Levels I-VI). Level VI, also known as the central compart-
ment of the neck, is bounded by the carotid arteries laterally, 
the hyoid bone superiorly, and the suprasternal notch or 
innominate artery inferiorly [ 1 ,  2 ]. It contains the Delphian 
(precricoid), pretracheal, and paratracheal lymph nodes. 
Level VII nodes, although not technically located in the 
neck, are often included when describing lymph node 
groups/levels in the neck. They are located in the anterior 
superior mediastinum between the suprasternal notch and 
brachiocephalic vessels, and lymph nodes in Level VII can be 
resected en bloc with those in Level VI [ 1 ]. Some references 
define the inferior boundary of the central neck as the 
innominate artery on the right and the corresponding axial 
plane on the left [ 2 ]. If using this definition, the level VII 
lymph nodes superior to the innominate artery will be 
included in level VI. 

 Thyroid cancer is classified by cell of origin. 
Differentiated thyroid cancers of follicular cell origin 
include papillary,  follicular, and Hürthle cell cancers. 
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Medullary thyroid cancer is derived from the calcitonin-
producing parafollicular cells and has a different biology 
than cancers of follicular cell origin. Eighty percent of 
thyroid cancers are of the papillary subtype, which first 
metastasize to the cervical lymph nodes [ 3 ]. Medullary 
thyroid cancer also tends to first metastasize to the cervi-
cal lymph nodes [ 4 ]. Follicular and Hürthle cell cancers 
have a propensity for hematogenous metastases and rarely 
spread to cervical lymph nodes. 

 Lymph node metastases from papillary and medullary 
thyroid cancer are very common, and they have been 
observed to have an adverse impact on prognosis, with the 
possible exception of patients with papillary thyroid cancer 
who are younger than 45 years [ 5 ]. Cervical nodal metastases 
usually occur in a stepwise fashion, first involving lymph 
nodes of the ipsilateral central neck, then involving lymph 
nodes of the ipsilateral lateral neck (Levels II-IV), followed 
by lymph nodes on the contralateral side. Skip metastases, 
while unusual, can occur. 

 Central neck dissection for differentiated thyroid cancer 
is clearly indicated when central compartment lymph nodes 
are grossly involved with cancer. This is termed therapeutic 
central neck dissection. Therapeutic central neck dissection 
is also indicated if an enlarged or suspicious lymph node in 
the central neck is found to contain metastatic thyroid can-
cer on frozen section analysis. The role of routine, prophy-
lactic central neck dissection for papillary thyroid cancer is 
controversial. The American Thyroid Association (ATA) 
guidelines and the National Comprehensive Cancer 
Network (NCCN) guidelines both recommend considering 
routine prophylactic central compartment neck dissection 
for patients with papillary thyroid cancer [ 5 ,  6 ]. The possible 
benefit to reducing cancer recurrence, however, must be 
balanced with the possible increased risk of morbidity asso-
ciated with this procedure [ 7 ]. In contrast to papillary thy-
roid cancer, routine, bilateral prophylactic central neck 
dissection is recommended in the treatment of medullary 
thyroid cancer [ 4 ].  
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    Preoperative Preparation 

 All patients with a diagnosis of thyroid cancer should have a 
preoperative ultrasound of the central and lateral compart-
ments of the neck, with fine needle aspiration biopsy of any 
suspicious lymph nodes [ 5 ,  6 ]. If positive in the lateral neck, 
then the patient will require a modified radical neck dissec-
tion in addition to total thyroidectomy and central neck 
dissection.  

    Position 

 The patient is positioned supine on the operating table with 
the neck extended and the arms tucked at the sides. A bean-
bag or shoulder role is used to help extend the neck. A foam 
ring is helpful to pad the head and hold it in place. All 
pressure- points are padded. Semi-Fowler’s or reverse 
Trendelenberg positioning is helpful to decompress the veins 
in the neck.  

    Description of Procedure 

 A curvilinear incision is made in a natural neck crease over-
lying the thyroid isthmus and carried through the subcutane-
ous tissue and platysma. Subplatysmal flaps are raised 
superiorly to the notch in the thyroid cartilage and inferiorly 
to the sternal notch. The strap muscles are separated verti-
cally in the midline in an avascular plane. It is usually not 
necessary to divide the strap muscles for exposure. Total 
thyroidectomy is then performed in the standard fashion. 
Once the thyroid has been removed, the lymph nodes in the 
central compartment of the neck can then be addressed. The 
Delphian (precricoid) lymph node is located overlying 
the cricothyroid membrane and is often encountered and 
resected during the dissection of the thyroid isthmus and 
pyramidal lobe (if present). 

D.M. Elaraj and C. Sturgeon



21

 Central compartment lymph node dissection involves 
resection of the fibrofatty lymph node-bearing tissue in the 
paratracheal and pretracheal spaces. The boundaries of this 
dissection are:

    1.    Hyoid bone – superiorly   
   2.    Carotid artery – laterally   
   3.    Midportion of the anterior trachea – medially   
   4.    Suprasternal notch or innominate artery – inferiorly   
   5.    Prevertebral fascia – deep     

 Structures at risk during this dissection include the para-
thyroid glands (particularly the lower glands) and the recur-
rent laryngeal nerves. 

 The technique of central compartment lymph node dissec-
tion first starts by defining the medial and lateral boundaries 
of the dissection [ 8 ]. A distinction can also be made between 
unilateral central neck dissection, which includes the precri-
coid/prelaryngeal, pretracheal, and unilateral paratracheal 
lymph nodes, and bilateral central neck dissection, which adds 
dissection of the contralateral paratracheal space [ 2 ]. Medially, 
the fibrofatty tissue overlying the trachea is incised to the level 
of the suprasternal notch, exposing the anterior surface of the 
trachea. Laterally, the medial border of the carotid artery is 
dissected down to the prevertebral fascia. The thin fascial layer 
overlying the recurrent laryngeal nerve is then opened along 
its length and the nerve dissected away from the fibrofatty tis-
sue of the central neck and gently retracted laterally. This dis-
section, which can usually be done sharply, extends from the 
point of the nerve’s insertion into the cricothyroid muscle 
superiorly to the thoracic inlet inferiorly. Figure  2.1  illustrates 
the left recurrent laryngeal nerve partially dissected out at the 
beginning of the central neck dissection. The fibrofatty lymph 
node-bearing tissue of the paratracheal space is then taken off 
the prevertebral fascia in a cephalad-to-caudad and lateral-to-
medial fashion, lastly freeing it from the trachea and esopha-
gus. Figure  2.2  illustrates the appearance of the left central 
neck at the conclusion of the dissection and Fig.  2.3  shows the 
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resected specimen. Care must be taken to preserve the upper 
parathyroid gland on its vascular pedicle. The lower parathy-
roid gland is  frequently devascularized during a formal central 

  Figure 2.1    Left central neck dissection. The left recurrent laryngeal 
nerve is partially dissected, and the left upper parathyroid gland is 
visible in its normal position posterior to the nerve. The fibrofatty 
lymph node-bearing tissue of the paratracheal space is seen within 
the ellipse       
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compartment neck dissection and should be autotransplanted 
if its blood supply is threatened. Hemostasis is assured and 
closure is performed in the standard fashion. Drains are usu-
ally not necessary.

  Figure 2.2    Left central neck dissection. The left recurrent laryngeal 
nerve has been skeletonized, and the fibrofatty lymph-node bearing 
tissue of the central neck has been removed       

 

Chapter 2. Central Neck Dissection



24

     Bulky central compartment nodal metastases that invade 
the recurrent laryngeal nerve should be managed based on 
the histology of the primary tumor and preoperative vocal 
cord function. Papillary thyroid cancer should be “shaved 
off” a functioning recurrent laryngeal nerve in an attempt to 
preserve vocal cord function on that side, and these patients 
should receive postoperative adjuvant radioactive iodine. 
Because there are no good adjuvant treatment options for 
patients with medullary thyroid cancer, invasion of the recur-
rent laryngeal nerve may require en-bloc resection of a seg-
ment of the nerve. Primary reanastomosis, nerve graft 
reconstruction, or anastomosis to the ansa cervicalis can be 
performed to preserve muscle bulk on that side.  

    Postoperative Care 

 Patients are observed in the hospital overnight. The head of 
the bed is elevated 30°. Clear liquids are given initially, and the 
diet advanced as tolerated. Recurrent laryngeal nerve function 
is assessed clinically by evaluating voice quality and aspiration 

  Figure 2.3    Post-resection specimens from a patient who required 
bilateral central neck dissections       
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of thin liquids. A serum calcium and parathyroid hormone 
level is checked the morning after surgery, or sooner if there 
are symptoms of hypocalcemia. Oral calcium supplementation 
is given to patients at risk of perioperative hypocalcemia.     
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    Abstract     All patients with a diagnosis of thyroid cancer 
should have a complete preoperative ultrasound of the central 
and lateral compartments of the neck, with a clear documenta-
tion of the description and location of suspicious lymph nodes 
using the standard nomenclature. Fine needle aspiration 
biopsy of suspicious lymph nodes should be performed preop-
eratively in order to guide the extent of surgery.  Papillary and 
medullary thyroid cancers frequently metastasize to the cer-
vical lymph nodes. Thyroid cancer nodal metastases are best 
treated with formal compartmental clearance. For metastatic 
thyroid cancer within the lateral neck, the authors perform 
a formal nodal clearance of levels IIA, III, IV, and VB. The 
standard nomenclature, preoperative preparation, steps of the 
dissection, and postoperative care are described.  

  Keywords     Neck dissection   •   metastatic thyroid cancer   • 
  surgical technique  
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        Indications 

 The neck is divided into seven lymph node-bearing compart-
ments, the nomenclature of which was originally described by 
the Memorial Sloan Kettering Head and Neck Service [ 1 ] 
and has been standardized and modified several times by the 
Committee for Neck Dissection Classification of the 
American Head and Neck Society and the American 
Academy of Otolaryngology-Head and Neck Surgery [ 2 – 4 ]. 
The seven nodal compartments are defined as follows:

    I.    Submental (IA) and submandibular (IB) triangle nodes.   
   II.    Upper third jugular nodes located between the skull 

base and the hyoid bone. This compartment is subdi-
vided into IIA (anterior) and IIB (posterior) based on 
the relationship to the spinal accessory nerve (CN XI).   

   III.    Middle third jugular nodes located between the hyoid 
bone and the cricoid cartilage.   

   IV.    Lower third jugular nodes located between the cricoid 
cartilage and the clavicle.   

   V.    Posterior triangle nodes located between the anterior 
border of the trapezius muscle, the posterior border of 
the sternocleidomastoid muscle (SCM), and the clavicle. 
This group is subdivided into spinal accessory (VA) and 
supraclavicular (VB) nodes by a horizontal plane 
defi ned by the lower border of the cricoid cartilage.   

   VI.    Central neck nodes located between the carotid sheaths 
extending from the hyoid bone to the suprasternal 
notch.   

   VII.    Upper mediastinal nodes located between the supra-
sternal notch and the innominate artery.    

  The radical neck dissection, as originally described by 
Crile in 1906, entailed removal of all of the node-bearing tis-
sue in Levels I–V along with the SCM, internal jugular vein 
and CN XI. The radical neck dissection is not considered a 
standard operation for thyroid cancer. Numerous modifica-
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tions of the original operation have been described, however, 
that do have a significant role in the surgical management of 
thyroid cancer [ 5 ]. A “modified radical neck dissection” 
(MRND) is defined as an operation that involves the preser-
vation of one or more non-lymphatic structures that were 
routinely removed in the radical neck dissection, but still 
results in the formal compartmental clearance of levels I–V 
[ 3 ]. Some experts have referred to an operation that formally 
clears compartments I–V and preserves the SCM, CN XI, and 
internal jugular vein as a “functional neck dissection”. Expert 
guidelines would classify a procedure as a “selective neck dis-
section” (SND) when one or more of the lymph node levels 
is preserved during a formal neck dissection, and is usually 
depicted in the medical record as SND with the levels 
removed following in parentheses [ 2 ,  3 ]. An “extended neck 
dissection” is defined as a neck dissection that includes the 
removal of additional lymph node groups or structures 
beyond those included in the radical neck dissection. 

 The term “therapeutic neck dissection” implies that nodal 
metastases are clinically apparent at the time of the neck dis-
section. The terms “prophylactic neck dissection” or “elective 
neck dissection” imply that there are no clinical or radio-
graphic findings to suggest that there are nodal metastases at 
the time of the dissection. 

 Papillary and medullary thyroid cancers frequently metas-
tasize to the cervical lymph nodes. Thyroid cancer nodal 
metastases are best treated with formal compartmental clear-
ance. There is no role for the selective removal of individual 
metastatic lymph nodes (“berry picking”) [ 6 ]. For metastatic 
thyroid cancer, the authors perform a formal nodal clearance 
of levels IIA, III, IV, and VB, and in the text that follows we 
will refer to clearance of these node-bearing regions as a 
MRND. We recognize that some authors include levels I and 
IIB, and may perform a more extensive clearance of level V 
than what is described herein [ 2 ]. The SCM, internal jugular 
vein and CN XI are preserved, except in rare cases of directly 
invasive thyroid cancers, where a decision can be made to 
sacrifice one of these structures to allow resectability. 
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 Therapeutic MRND is indicated for biopsy-proven lat-
eral neck metastases from thyroid cancer [ 6 – 8 ]. Prophylactic 
MRND is not indicated in the treatment of patients with 
papillary thyroid cancer. The role and extent of prophylac-
tic MRND in the treatment of medullary thyroid cancer 
(MTC) is controversial, with some authors advocating pro-
phylactic MRND based on clinical parameters and intraop-
erative findings [ 9 ,  10 ]. The National Comprehensive 
Cancer Network recommends considering prophylactic 
ipsilateral MRND in the treatment of MTCs that are ≥1 cm 
(>0.5 cm if Multiple Endocrine Neoplasia [MEN] 2B) or 
with adjacent central compartment metastases [ 11 ], while 
other consensus guidelines for the treatment of patients 
with MEN recommend MRND for patients with MEN 2 
only if there is clinical or radiographic evidence of involved 
lymph nodes in the lateral neck [ 12 ]. The 2009 American 
Thyroid Association (ATA) guidelines on the management 
of medullary thyroid cancer recommend dissection of the 
lateral neck including levels IIA, III, IV and V for patients 
with clinically apparent lateral neck nodal metastases [ 13 ]. 
It should also be noted that a minority of members on the 
ATA panel favored prophylactic ipsilateral MRND when 
lymph node metastases were present in the adjacent central 
compartment [ 13 ].  

    Preoperative Preparation 

 All patients with a diagnosis of thyroid cancer should have a 
complete preoperative ultrasound of the central and lateral 
compartments of the neck, with a clear documentation of the 
description and location of suspicious lymph nodes using the 
standard nomenclature described above. Fine needle aspira-
tion biopsy of suspicious lymph nodes should be performed 
in order to guide the extent of surgery [ 6 ]. The patency of 
both internal jugular veins should be assessed and docu-
mented. A thorough neurologic examination should be done 
to assess the baseline function of the nerves at risk during 
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MRND. Preoperative laryngeal exam is recommended in 
cases of voice alteration or for revision surgery, although 
many clinicians perform this routinely to evaluate baseline 
vocal cord function in thyroid cancer patients. Patients should 
be counseled on the risks, benefits and alternatives to the 
proposed procedure(s), and the details of the discussion and 
the patient’s understanding thereof should be documented.  

    Description of Procedure 

 The neck is extended and the head turned to expose the lat-
eral aspect of the neck. A beanbag or shoulder role is used to 
help extend the neck. A foam ring is helpful to pad and 
immobilize the head. The patient is placed in semi-Fowler’s 
position to decompress the neck veins. The entire neck 
extending from the chin, corner of the mouth, and pinna of 
the ear, laterally to the shoulders, and down onto the upper 
chest is prepped and draped. In order to visually assess the 
function of the marginal mandibular branch of the facial 
nerve, the corner of the mouth can be kept visible with the 
use of clear sterile draping. 

 Many skin incisions have been described for the MRND 
[ 14 ]. An incision from the mastoid process carried inferiorly 
along the posterior border of the SCM, then curved medially 
in a Langer’s line towards the midline yields excellent expo-
sure with an acceptable cosmetic result. For simplicity, only 
the MRND through this hemi-apron or “hockey-stick” inci-
sion will be described herein. 

 The skin is marked in the proposed line of the incision and 
infiltrated with 1 % lidocaine with epinephrine to allow for 
sharp dissection in a relatively bloodless field. The skin, sub-
cutaneous tissues and platysma are incised sharply. 
Subplatysmal flaps are raised sharply towards the midline, 
taking care to preserve the greater auricular nerve and exter-
nal jugular vein as the dissection proceeds over the surface of 
the SCM. The marginal mandibular nerve is preserved at the 
medial aspect of the subplatysmal flap. 
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    Levels II and III 

 Dissection is begun in Level II. The second layer of deep 
cervical fascia along the anterior aspect of the SCM is incised 
along its entire length and the internal jugular vein exposed 
and traced cephalad to the posterior belly of the digastric 
muscle. CN XI is usually identified as it crosses the internal 
jugular vein from medial to lateral, or as it enters the poste-
rior aspect of the SCM. There can be anatomic variation in 
the course of CN XI, with it coursing posterior to the internal 
jugular vein rather than superficial to it in one third of 
patients. Within the apex of the triangle bordered by the 
internal jugular vein and CN XI lies the fibrofatty tissue con-
taining the level IIA nodes (Fig.  3.1 ). This node-bearing tissue 
located anterior and inferior to CN XI is opened sharply and 

  Figure 3.1    Right modified radical neck dissection. The dissection is 
started in Level IIA at the apex bounded by the internal jugular 
vein, and the spinal accessory nerve (CN XI)       
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swept inferiorly. Level IIB nodes (found superior and poste-
rior to CN XI) should also be included when there is evi-
dence of their involvement. The dissection proceeds caudad 
and the fibrofatty tissue packet is sharply dissected from the 
posterior aspect of the SCM and the anterior surface of the 
scalene muscles. The lateral border of the level II dissection 
is the posterior border of the SCM. The dissection is contin-
ued caudad past the hyoid bone into Level III, and inferiorly 
to the omohyoid muscle, which is an alternative surgical 
 landmark for the inferior extent of level III (Fig.  3.2 ). The 
omohyoid muscle is mobilized and preserved, although can 
be divided without any consequence. The sensory branches of 
the cervical plexus are preserved when possible.

        Levels IV and VB 

 The dissection is continued caudad along the posterior bor-
der of the SCM until the clavicle is reached. There is often 
additional node-bearing tissue inferior to the clavicle extend-
ing to the subclavian vein that should also be resected. 
Furthermore, the node-bearing supraclavicular (Level VB) 
tissue can be resected en-bloc with Level IV by extending the 
dissection lateral to the posterior border of the SCM.  

    Medial Dissection 

 The fibrofatty bundle is retracted medially and completely dis-
sected off the deep cervical fascia overlying the scalene mus-
cles. This third layer of deep cervical fascia is usually preserved. 
The medial border of the dissection is the carotid sheath. The 
phrenic nerve, vagus nerve (Fig.  3.3 ), transverse cervical artery, 
and brachial plexus are identified and preserved. Lymphatics 
joining the thoracic duct are individually ligated. The internal 
jugular vein is rolled medially to access the lymph nodes deep 
to the carotid sheath. The internal jugular vein can be sacri-
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ficed unilaterally for gross invasion when the contralateral vein 
is patent. Dissection of the fibrofatty tissue packet is then com-
pleted sharply over the surface of the carotid sheath. Hemostasis 
is assured and closure performed in the standard fashion. 
Many experts routinely drain the dissection bed.

  Figure 3.2    Right modified radical neck dissection. The fibrofatty 
lymph node-bearing tissue of Levels IIA and III have been cleared. 
The omohyoid muscle is being retracted inferomedially. The exter-
nal jugular vein and greater auricular nerve are visible on the ante-
rior surface of the sternocleidomastoid muscle       
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        Postoperative Care 

 When the patient has regained consciousness, a neurological 
exam should be performed and the results documented. 
A chest radiograph can be performed in the recovery room to 

  Figure 3.3    Right modified radical neck dissection. The internal 
jugular vein is being retracted medially and the sternocleidomastoid 
muscle is being retracted laterally. The vagus nerve is visible poste-
rior to the internal jugular vein, and the phrenic vein is visible on the 
surface of the anterior scalene muscle       
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rule out pneumothorax or elevated hemidiaphragm if there is 
concern that the dissection could have violated the pleura or 
injured the phrenic nerve. Not all surgeons routinely drain the 
dissection bed, however, a common practice is to continue 
closed suction drainage until output is less than 25–30 mL in 
24 h and non-chylous. Vocal cord paresis is a rare complication 
of MRND, and is usually temporary. Routine laryngoscopy 
following head and neck surgery is controversial, but is prac-
ticed by some experts. There is general agreement that laryn-
geal exam should be performed for suspected vocal cord 
paresis when early diagnosis and intervention would improve 
outcome (i.e. in cases of dysphagia, impaired pulmonary toilet, 
aspiration or potential airway compromise). Physical therapy 
is usually prescribed for patients with CN XI paresis.     
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    Abstract     Parathyroidectomy is definitive treatment for 
 sporadic, primary hyperparathyroidism with cure rates as 
high as 98 % at expert centers. We explore the predictive value 
of preoperative localizing studies including  99m Tc-sestamibi 
scan, ultrasound, and four-dimensional CT scan. Operative 
technique for bilateral neck exploration is described with 
special attention given to anatomic principles. While there 
are multiple techniques for limited exploration — defined as 
a unilateral, image-directed parathyroidectomy involving an 
incision measuring 2.5 cm or less — we describe the lateral 
mini-incision approach. Although uncommon, complications 
of parathyroidectomy include hematoma, hypocalcemia, 
 permanent hypoparathyroidism, nerve injury, and operative 
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failure. Finally, we address the advantages, disadvantages, and 
controversies of four-gland versus limited exploration.  

  Keywords     Sporadic primary hyperparathyroidism   • 
  Parathyroid adenoma   •   Bilateral neck exploration   •   Minimally 
invasive parathyroidectomy  

        Indications 

 Primary hyperparathyroidism (pHPT) is diagnosed biochem-
ically by hypercalcemia in the presence of elevated or inap-
propriately normal parathyroid hormone (PTH) levels. 
Eighty-five percent of cases of sporadic pHPT are caused by 
a parathyroid adenoma – a single enlarged, hyperfunctioning 
gland. Four-gland hyperplasia represents about 10 % of cases, 
while double adenomas constitute 4 % and parathyroid car-
cinoma <1 %. While parathyroidectomy is the recommended 
treatment of patients with symptomatic pHPT, the need for 
surgical intervention in patients with asymptomatic disease is 
less clear. The Fourth International Workshop consensus 
statement, last updated in 2014, recommended surgical inter-
vention for patients with asymptomatic primary hyperpara-
thyroidism who meet a defined set of criteria (Table  4.1 ) [ 1 ].

       Preoperative Preparation: Imaging Studies 

 Preoperative localizing studies may be performed after con-
firmation of the biochemical diagnosis and once the decision 
for surgery has been made. The most commonly used study 
is the  99m Tc-sestamibi scan, which can correctly identify the 
site of abnormal parathyroid tissue with 78.9 % accuracy and 
a 90.7 % positive predictive value (PPV) in a pooled meta- 
analysis. Parathyroid ultrasound, an increasingly used 
method of pre-operative localization, has a pooled accuracy 
rate of 76.1 % and PPV 93.2 % [ 2 ]. Four-dimensional CT 
scan, a newer technique for localizing parathyroid adenomas, 
relies on the differential contrast enhancement between the 
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thyroid and parathyroid glands (perfusion over time is the 
fourth dimension). Though several scanning protocols have 
been published, all include an early arterial phase followed 
by a delayed venous phase. Parathyroid adenomas display 
avid early arterial contrast enhancement and rapid washout, 
and can thus be differentiated from the thyroid gland which 
has less avid early contrast enhancement (Fig.  4.1 ) [ 3 ]. 
Pooled accuracy rates for localization of parathyroid adeno-
mas are 89.4 % and PPV 93.5 % [ 2 ].

       Surgical Positioning and Anesthesia 

 The patient should be positioned supine on the operating table 
with the neck hyperextended using a horizontal shoulder roll 
and both arms tucked. For bilateral neck exploration, general 
anesthesia using an endotracheal tube or laryngeal mask airway 
is commonly used. For limited exploration, some centers use 
general anesthesia while others employ local/regional anesthesia 
with sedation (monitored anesthetic care or MAC). Regardless 
of the planned procedure, the surgical area should be prepped 
and draped to accommodate a bilateral neck exploration.  

   Table 4.1    The Fourth International Workshop updated 2013 
 consensus statement for recommending parathyroidectomy in 
patients with asymptomatic primary hyperparathyroidism   

 Age <50 years 

 Serum calcium > 1.0 mg/dL above normal 

 Creatinine clearance < 60 mL/min; 24-h urinary calcium 
> 400 mg/dL and increased calcium containing stone risk 
by biochemical stone risk analysis; radiologic evidence of 
nephrolithiasis or nephrocalcinosis 

 Osteoporosis (reduction in bone density > 2.5 standard deviations 
below peak bone mass at lumbar spine, total hip, femoral neck, or 
distal 1/3 radius) and/or radiologic evidence of vertebral fracture 

 Medical surveillance not desired or possible 
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    Description of Procedure 

    Four-Gland Exploration 

 Bilateral neck exploration, with identification of all four para-
thyroid glands, has long been the standard approach to para-
thyroid surgery. A 2.5–4 cm central, transverse cervical 
(Kocher) incision is made along a skin crease 1 cm below the 
cricoid cartilage. After the creation of subplatysmal flaps, the 
strap muscles are separated in the midline (Fig.  4.2 ). The plane 
between the sternothyroid muscles and the thyroid capsule is 
developed. The middle thyroid veins are divided to allow rota-
tion of the thyroid gland anteriomedially, as the majority of the 
parathyroid glands lie posterior to the thyroid. The elements of 
the carotid sheath are then retracted laterally away from the 
thyroid. A critical maneuver in  parathyroid exploration is 

  Figure 4.1    4D CT images for parathyroid localization help distin-
guish parathyroid adenomas from normal thyroid. These multiple 
imaging phases demonstrate the lower density parathyroid gland 
(indicated by an  arrow ) compared to the thyroid on pre-contrast ( a ) 
and venous phase ( c ) but is similar to the thyroid on arterial phase 
scan ( b ) (Images courtesy Dr. Ali Sepahdari, Department of 
Radiology, UCLA David Geffen School of Medicine)       
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exposure and palpation of the prevertebral space that lies pos-
terior to the esophagus. Indeed, failure to adequately interro-
gate the posterior (paraesophageal and retroesophageal) 
spaces of the neck is the most common cause of failed initial 
parathyroid exploration [ 4 ].

   Normal parathyroid glands are yellow-tan in color. They 
are 5 mm in diameter, flattened or discoid in shape, and weigh 
between 30 and 50 mg. They are generally housed in a thin 
fatty envelope, giving them a classic “fried egg” appearance. 
Open exploration begins with interrogation of the superior 
parathyroid territory. Because of their shorter path of embry-
ologic migration, the superior parathyroids are more consis-
tent in their location than the inferior parathyroids, with the 
majority located within a 1.5 cm radius of the tubercle of 
Zuckerkandl, a postero-lateral prominence of the thyroid 
gland. Other important nearby structures include the  terminus 

  Figure 4.2    Initial dissection for bilateral neck exploration. A cen-
tral, transverse cervical incision lies 2 cm above the suprasternal 
notch (marked in  purple , far right). Subplatysmal flaps are being 
retracted and forceps are elevating the divided strap muscles. The 
thyroid isthmus is visible       
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of the recurrent laryngeal nerve, arborization of the inferior 
thyroid artery, and the cricoid cartilage (Fig.  4.3 ).

   As superior parathyroid adenomas enlarge, they often 
slide inferiorly along the paraesophageal space. By definition, 
the superior parathyroids are located postero-laterally to the 
plane of the recurrent laryngeal nerve (Fig.  4.4 ) [ 5 ].

   Though routine identification of the recurrent laryngeal 
nerve is not considered mandatory during parathyroid 
exploration, the surgeon must be extremely wary of avoiding 
nerve injury while operating near the superior parathyroids. 

  Figure 4.3    Relationship of structures surrounding the superior 
parathyroid gland during a bilateral neck exploration. The superior 
parathyroid adenoma abuts the thyroid’s tubercle of Zuckerkandl. 
The recurrent laryngeal nerve ( RLN ) can be seen traversing 
anterior- medially to the gland       

 

L.F. Morris and M.W. Yeh



45

A small fraction of parathyroid glands lie partially or com-
pletely embedded in the thyroid gland parenchyma; these 
may be either superior or inferior parathyroids. 

 The inferior parathyroid glands are located anteromedially 
to the plane of the recurrent laryngeal nerve (Fig.  4.4 ). The 
 territory of the inferior parathyroid is relatively large, ranging 
from the superior pole of the thyroid to the anterior mediasti-
num. The majority of inferior parathyroid glands lie on the 
surface of the inferior pole of the thyroid, often near the infe-
rior pole veins that demarcate the top of the thyrothymic tract. 
Inferior parathyroid adenomas can frequently be found by 
following the thyrothymic tract down into the chest. Ectopic 
inferior parathyroids are most commonly located in the 
 thymus, and can almost always be removed transcervically. 

  Figure 4.4    Relationship of the recurrent laryngeal nerve ( RLN ) to 
the parathyroid glands during bilateral neck exploration for renal 
hyperparathyroidism. The thyroid gland has been retracted medially 
toward the patient’s left       
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 If three glands appear normal and one gland is enlarged, 
the diagnosis is a single parathyroid adenoma. The safest 
method of dissecting out a parathyroid adenoma is to start 
away from the vascular pedicle, mobilizing the lateral and 
inferior aspects while avoiding violation of the gland capsule. 
The vascular pedicle is isolated last and ligated. Frozen sec-
tion may be employed to confirm that resection of 
 hypercellular parathyroid tissue has been achieved. After 
irrigation and hemostasis, the strap muscles and platysma are 
reapproximated. The skin is then closed in a subcuticular 
fashion. 

 If a four-gland exploration reveals hyperplasia (four 
enlarged glands), a subtotal parathyroidectomy is generally 
performed. This involves complete removal of the three 
most abnormal-appearing glands and partial resection of 
the fourth gland, leaving 40–50 mg of normal appearing tis-
sue on an intact vascular pedicle. Should the remnant 
become  devascularized, it can be excised, morcellated, and 
 autotransplanted into either the sternocleidomastoid mus-
cle or the brachioradialis muscle of the forearm.  

    Limited Exploration 

 Limited exploration is defined as a unilateral, image-directed 
parathyroidectomy involving an incision measuring 2.5 cm or 
less. These operations may involve inspection of a single gland 
or two glands on the same side. Frequently, intraoperative 
parathyroid hormone (IOPTH) monitoring is used to confirm 
completeness of resection. Described techniques include: 
(1) videoscopic, (2) video-assisted, (3) direct view central 
mini-incision, and (4) direct view lateral mini-incision [ 6 ]. We 
will describe the lateral mini-incision approach, which pro-
vides the most direct exposure of the parathyroid-bearing 
regions (Fig.  4.5 ). The incision site is placed directly over the 
parathyroid adenoma using ultrasound guidance. Alternatively, 
placement of the incision approximately 5 mm inferior to the 
cricoid cartilage will typically offer adequate exposure. A 2 cm 
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transverse incision is placed along a skin crease, centered over 
the anterior border of the sternocleidomastoid muscle. Small 
subplatysmal flaps are created. The sternocleidomastoid mus-
cle is retracted laterally and the strap muscles are retracted 
medially. The thyroid is rotated anteriomedially and the 
carotid sheath elements retracted laterally. After identifica-
tion of the abnormal gland, dissection proceeds as in open 
exploration (Fig.  4.6 ). At the surgeon’s preference, explora-
tion of the territory of the non-excised ipsilateral gland can be 
undertaken at this point to evaluate for multiple gland 
disease.

        IOPTH Monitoring 

 IOPTH monitoring is used to confirm complete removal of 
hyperfunctioning parathyroid tissue during limited explora-
tion. Fall of the 10 min post-excision PTH value  to less than  

  Figure 4.5    An axial representation of the direct access to the para-
thyroid obtained using the lateral mini-incision technique       
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50 % of the highest pre-excision value is highly predictive of 
long-term cure [ 7 ]. Failure to meet this criterion may prompt 
the surgeon to convert to bilateral neck exploration.  

    Is Four-Gland Exploration or Limited Exploration 
Preferred? 

 The relative merits of four-gland exploration and limited 
exploration have been debated for more than 30 years [ 8 ,  9 ]. 
Four-gland exploration allows for identification of all parathy-
roid glands, may lead to discovery of occult multigland disease, 
and permits conclusion of the case without IOPTH monitor-
ing. Its disadvantages include increased operative time, placing 
two recurrent laryngeal nerves at risk, and the theoretical risk 
of permanent hypoparathyroidism. Limited exploration is 

  Figure 4.6    Identification of an inferior parathyroid adenoma via 
lateral mini-incision technique. The adenoma was localized preop-
eratively with a functional  99m Tc-sestamibi scan. Immediately 
prior to incision, the position of the gland was confirmed with 
surgeon- performed ultrasound and a 2 cm incision was made on 
overlying skin       
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 generally faster and involves fewer risks; however, it generally 
requires waiting for an IOPTH result and may, in the opinion 
of some authors, lead to a slightly higher rate of operative 
 failure from missed multiple gland disease. While this 
 controversy is ongoing, the only reliable predictor of successful 
parathyroid surgery is surgeon experience [ 10 ,  11 ]. At present, 
no convincing data exist to support the superiority of one 
operative approach over another.   

    Post-operative Care 

 Parathyroid surgery has typically been followed by an over-
night hospital stay, though a number of centers have moved to 
a same day discharge approach. Complications of parathy-
roidectomy are uncommon [ 12 ]. Hematoma occurs in approx-
imately 0.3 % of patients, and requires emergent reexploration. 
Post-operative hypocalcemia may occur due to either iatro-
genic hypoparathyroidism after four gland manipulation or, 
more commonly, high-turnover bone disease and suppression 
of remaining parathyroid tissue in patients with biochemically 
severe disease. Symptoms should be assessed and treated with 
supplemental calcium as needed. Permanent hypoparathy-
roidism is only a risk for patients undergoing bilateral neck 
exploration and should occur in <1 % of patients. The rate of 
permanent recurrent laryngeal nerve paresis is 1 % or less in 
expert hands. The most common complication of parathyroid 
exploration is operative failure (persistent hyperparathyroid-
ism), defined as hypercalcemia occurring within 6 months of 
operation. These patients require reoperation. The overall 
frequency of operative failure ranges from 2 % in expert cen-
ters to 20 % or more in low-volume centers [ 8 ,  9 ].     
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    Abstract     Though laparoscopic adrenalectomy has become 
the gold standard for management of benign adrenal 
tumours, open adrenalectomy remains the standard of care 
for large tumours or tumours suspicious for malignancy. In 
this  chapter we will detail the indications for open adrenal-
ectomy. Preoperative considerations, particularly indicators 
of malignancy, will be discussed. A thorough description 
of open right and left adrenalectomy will be separately 
described, along with important post-operative consider-
ations for patients undergoing open resection.  

  Keywords     Open adrenalectomy   •   Adrenocortical cancer   • 
  Transperitoneal adrenalectomy  
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        Indications 

 Laparoscopic adrenalectomy has become the standard of 
care for the surgical management of functional and non- 
functional adrenal tumours [ 1 ,  2 ]; open adrenalectomy is uti-
lized in the following situations:

    1.    Large adrenal tumours, usually over 10 cm in diameter [ 2 ].   
   2.    Known, or high suspicion of adrenocortical carcinoma pre-

operatively [ 3 ].   
   3.    Conversion after laparoscopic inspection of an adrenal 

tumour and suspicion of malignancy intraoperatively. Such 
features include abnormally large tumour blood vessels, local 
invasion and tumour thrombus inside the adrenal vein [ 4 ].    

  Suspicion of adrenocortical carcinoma is raised with a 
number of clinical, biochemical, and radiographic findings 
summarized below. 

  Clinical    Pain, palpable mass, rapid growth, IVC com-
pression or obstruction.   

  Biochemical    Mixed hormone secretion, virilizing hor-
mone secretion, elevated levels of hormone 
precursors (i.e., DHEA).   

  Radiographic    Size > 4–6 cm, > 10 Hounsfi eld units on non- 
contrast CT, < 50 % washout on contrast CT, 
irregular borders, lymphadenopathy, pres-
ence of calcifi cation or necrosis, evidence of 
invasion, >3.4 SUV on PET-CT.   

   There are a number of approaches for open adrenalec-
tomy including the retroperitoneal, thoracoabdominal and 
the anterior or lateral transperitoneal approach. In our unit, 
we favour the lateral transperitoneal approach (Fig.  5.1 ).

       Preoperative Preparation 

 Pre-operative workup is essential to diagnose a functional 
adrenal tumor. The common syndromes that require evalua-
tion are Conn’s syndrome, pheochromocytoma, Cushing’s 
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syndrome, and functional adrenocortical carcinoma, which 
usually has Cushing-virilizing features. Open adrenalectomy 
is usually reserved for large pheochromocytomas or func-
tional and non-functional adrenocortical carcinomas [ 5 ,  6 ]. 

 A full preoperative workup for hyperaldosteronism, 
Cushing’s syndrome and pheochromocytoma is reviewed in 
detail by Young [ 5 ] and Sidhu et al. [ 7 ]. 

 At induction, patients should have DVT prophylaxis with 
subcutaneous fractioned heparin or equivalent, pneumatic 
calf compressors as well as an indwelling bladder catheter 
and a nasogastric tube.  

    Positioning 

 The patient is placed in the lateral position with the operating 
table placed in maximal flexion to accentuate the space 
between the costal margin and the iliac crest. A bean bag is 

  Figure 5.1    The patient is placed in the lateral position. The operat-
ing table is then broken to maximize the space between the costal 
margin and the iliac crest. The bean bag is then aspirated to firmness 
to secure the patient in place       
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useful to secure the patient in position and appropriate strap-
ping is provided (Fig.  5.1 ).  

    Description of Procedure 

    Right Sided Adrenalectomy 

 The costal margin is palpated and a subcostal incision two 
fingerbreadths below the costal margin is performed from 
the mid-clavicular line medially to the mid-axillary line pos-
teriorly. This incision can be extended down to the midline 
anteriorly if required. The skin and underlying fat along this 
line are incised. The external oblique, internal oblique and 
transverse abdominal muscles are divided using cautery. The 
peritoneum is then entered sharply exposing the peritoneal 
cavity. At this point, full palpation of the peritoneal cavity is 
required to exclude metastatic disease. 

  Figure 5.2    A subcostal incision is made, the muscle layer is divided 
and the peritoneal cavity entered. The triangular ligament is divided, 
the liver retracted superiorly and the peritoneum of the hepatorenal 
pouch is divided to gain access to the upper border of the adrenal 
tumor ( M ).  GB  gallbladder       
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 The hepatic flexure of the colon is mobilized and retracted 
inferiorly. The duodenum can then be kocherized to allow 
better access to the IVC. The liver is mobilized medially and 
superiorly by dividing the right triangular ligament (Fig.  5.2 ). 
Morrison’s pouch is then entered by incising the perito-
neum below the liver and overlying the adrenal gland. The 
superior margin of the adrenal tumor is identified. The 
lower margin of the tumor and the renal vein are identified 
inferiorly (Fig.  5.3 ). Medial to the tumor, the IVC can then 
be identified by a combination of sharp and blunt dissection 
after incising the overlying peritoneum. We aim to triangu-
late the dissection onto the adrenal vein from below and 
above (Fig.  5.4 ). With the patient in the lateral position, the 
adrenal vein is encountered as the IVC is passing under the 
liver. Once the adrenal vein is secured, the tumor is lifted off 
from the  retroperitoneum and the feeding arteries, which 

  Figure. 5.3    Open adrenalectomy for a right sided adrenal pheo-
chromocytoma. Dissection is carried out along the lateral margin of 
the IVC, triangulating from above and below to encounter the adre-
nal vein (not shown).  PHEO  pheochromocytoma,  K  kidney,  IVC  
inferior vena cava       
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a

b

  Figure 5.4    Open adrenalectomy for a large ACC invading the right 
kidney. ( a ) Right renal vein is identified below the inferior margin 
of the tumor. ( b ) The renal vein has been divided. The  arrow  shows 
the putative position of the right adrenal vein.  ACC  adrenal tumor, 
 RV  renal vein,  IVC  inferior vena cava,  K  kidney,  GB  gallbladder       
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arise from the inferior phrenic, the aorta and the renal 
arteries are ligated and divided with a thermal sealing 
device.

         Left Sided Adrenalectomy 

 Open adrenalectomy on the left side is completely different 
to surgery of the right side. A subcostal incision is performed 
in a similar way with the patient in the right lateral position. 
The peritoneal cavity is entered and explored. Attention is 
directed to the splenic flexure of the colon, which should be 
mobilized along the line of Toldt (Fig.  5.5 ). The lienorenal 
ligament is then divided and the spleen and tail of the pan-
creas are rotated medially (Fig.  5.6 ). The adrenal tumor can 
then be inspected and the renal vein is identified on its 
inferomedial aspect. The adrenal vein is then identified as it 

  Figure 5.5    Open adrenalectomy for a left 4 cm ACC. The splenic 
flexure of the colon is mobilized to expose the spleen, which is then 
medialized by dividing the lienorenal ligament.  S  spleen,  SF  splenic 
flexure       
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enters the left renal vein; it is often joined by the inferior 
phrenic vein prior to this point (Fig.  5.7 ). The adrenal vein is 
ligated and divided. The tumor is then lifted off from the 
retroperitoneum and any feeding vessels are ligated and 
divided.

     The use of drains is optional. The muscle layer is closed 
using a running non-absorbable suture. Skin is then sutured 
using an absorbable subcuticular stitch.   

    Postoperative Care 

 Patients should be observed closely for signs of bleeding and 
blood pressure should be monitored frequently. Signs of 
adrenal insufficiency should be addressed immediately espe-
cially in patients with Cushing’s syndrome. Electrolyte values 
are checked daily. Patients with Cushing’s syndrome should 
be placed on IV steroids until able to take them orally. The 
urinary catheter can usually be removed on the first postop-

  Figure 5.6    The spleen and the tail of the pancreas have been medi-
alized to expose the adrenal gland.  S  spleen,  ACC  adrenal tumor, 
 TP  tail of pancreas       
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a

b

  Figure 5.7    ( a ) The left adrenal vein is encountered on the inferome-
dial aspect of the gland. ( b ) The left renal vein is identified; the 
adrenal vein is shown here draining into the left renal vein. 
 AV  adrenal vein,  ACC  adrenal tumor,  RV  renal vein       

 

Chapter 5. Open Adrenalectomy



60

erative day as well as the nasogastric tube. Diet is recom-
menced once peristalsis is re-established. Patients are usually 
able to leave the hospital after the fifth postoperative day.     
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    Abstract     This chapter discusses laparoscopic  transabdominal 
adrenalectomy. The authors review the indications and con-
traindications for this procedure. Patient preoperative his-
torical factors, biochemical testing, and operative preparation 
are presented. The authors describe in detail the operative 
technique including patient positioning, port placement, and 
procedural steps with special considerations for left versus 
right adrenalectomy. Finally, postoperative care recommen-
dations are reviewed.  
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        Indications 

 In recent years, there has been a shift from open adrenalec-
tomy toward laparoscopic adrenalectomy for the treatment 
of adrenal tumors due to such factors as decreased post- 
operative pain and faster recovery. Indeed, the majority of 
adrenalectomies in high volume centers are performed lapa-
roscopically. Indications for an adrenalectomy, whether open 
or laparoscopic, include a functional tumor, growth of an 
adrenal mass of 0.5 cm in 6 months based on imaging, adrenal 
tumor greater than 3–4 cm (since the risk of adrenal carci-
noma increases with increasing tumor size), and isolated 
metastatic disease. The indications for laparoscopic adrenal-
ectomy are essentially the same as those for open adrenalec-
tomy with the notable exception of adrenocortical cancer, 
malignant pheochromocytoma, and large metastases. 
However, as skill and experience with laparoscopy increases, 
many authors have advocated laparoscopic adrenalectomy 
even for malignant disease. Contraindications for  laparoscopic 
adrenalectomy also include general contraindications to lap-
aroscopic procedures such as severe cardiopulmonary risk 
and coagulopathy.  

    Preoperative Preparation 

 Upon discovery of an adrenal mass, the two main goals are 
to (1) determine if it is functional and (2) determine the 
risk of malignancy. History and physical exam may provide 
useful clues as to whether a tumor is functional, but bio-
chemical interrogation is mandatory. If the tumor is non-
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functional the next task is to determine the risk for cancer. 
If a patient is found to have an adrenal mass and has a 
primary tumor elsewhere, he/she should be suspected of 
having metastatic disease. Patients with adrenal inciden-
talomas, however, should undergo age- and risk factor-
appropriate screening. Aside from the presence of local 
invasion, the best indication of risk for adrenocortical car-
cinoma is tumor size. Based on size, the risk for adrenocor-
tical cancer is approximately: less than 3 % for tumors 
smaller than 4 cm, 7 % for tumors 4–6 cm, and 25 % or 
greater for tumors larger than 6 cm. The following bio-
chemical evaluation should be performed for the work-up 
for adrenal tumors.

    1.     24-h urine metanephrines or plasma metanephrines : 
pheochromocytoma   

   2.     24-h urine cortisol, midnight salivery cortisol, or low dose 
dexamethasone suppression test : Cushing’s syndrome   

   3.     Plasma aldosterone and renin : primary hyperaldosteronism   
   4.     Cross-sectional imaging (CT or MRI) : localization and 

operative planning   
   5.     CXR, colonoscopy, mammogram as appropriate : meta-

static disease work-up   
   6.     Free testosterone, estradiol, dehydroeipandrosterone : 

Virilizing functional tumors   
   7.     Urinary 5-HIAA, octreotide scan : Carcinoid     

 Pre-operative preparation for patients depends largely 
upon the pathology encountered. For most adrenal tumors, 
no special precautions are needed. However, with pheochro-
mocytoma and Cushing’s syndrome, specific measures are 
needed due to the tumor pathophysiology. For pheochromo-
cytoma, pre-operative alpha-blockade with repletion of intra-
vascular volume is crucial to a safe and successful operation. 
Once the patient is adequately alpha-blocked and volume 
resuscitated, a beta-blocker may be started if the patient is 
tachycardic. Starting a beta-blocker prior to alpha-blockade 
may lead to unopposed alpha-mediated vasoconstriction that 
could precipitate a hypertensive crisis. In addition, it is 
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 essential that the anesthesiologist utilize short-acting phar-
macologic agents to combat hyper- or hypotension. For 
patients with Cushing’s syndrome, a stress dose of steroids 
should be given prior to induction of anesthesia. In addition, 
patients with Cushing’s syndrome should receive prophylac-
tic antibiotics since they are more prone to infectious compli-
cations due to steroid excess.  

    Description of Procedure 

 There are several approaches to laparoscopic adrenalectomy: 
transabdominal (lateral and anterior) and retroperitoneal 
(lateral and posterior). The duration of operating time is pro-
portional to the experience of the operating surgeon with 
both general laparoscopy and laparoscopic adrenalectomies. 
The laparoscopic lateral transabdominal approach is cur-
rently the most common. However, some single-institution 
observational studies have found the laparoscopic retroperi-
toneal approach to have several advantages including shorter 
operative times, fewer complications (such as hernia), less 
post-operative pain, and shorter duration of hospital of stay. 
Large meta-analyses have demonstrated that either approach 
may be performed safely and effectively without difference 
in morbidity or mortality. The following description is of the 
laparoscopic lateral transabdominal approach. 

    Positioning (Fig.  6.1 ) 

    Patient positioning is often the hardest and most time consum-
ing part of the operation. Constant communication with the 
anesthesiologists and staff is critical to prevent mishaps. It is 
important to place the urinary catheter and to gather all the 
necessary positioning equipment prior to moving the patient. 
The patient is placed on a beanbag in the lateral decubitus posi-
tion with the side of the adrenal tumor up. It is important to 
place the patient’s costal margin 2–3 cm superior to the point 
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where the bed flexes. Positioning here places the junction of the 
superior pole of the kidney and the adrenal gland at the break, 
allowing gravity to auto-retract the kidney inferiorly. The bed 
should be flexed maximally to increase the space between the 
costal margin and the hip to create more working space. In 
addition, a kidney rest should be elevated to further accentuate 
this space. The beanbag is inflated taking care not to push it into 
the abdomen, as this will decrease the intra-abdominal working 
space. Rather the beanbag should be conformed to the patient’s 
hip and chest to insure secure positioning. The arms are placed 
in an ergonomically correct position without tension on the 
shoulder joints, most often separated by pillows rather than 
with an arm board. All pressure points are adequately padded 
and an axillary roll is placed. Pillows are placed between the 
legs in the usual decubitus positioning.  

    Port Placement (Fig.  6.2a, b ) 

    We typically enter the abdomen via a Veress needle tech-
nique at Palmer’s point 2–3 cm inferior to the costal margin 

Costal
margin

3 2 1

Blankets

Bean
bag

Axillary
roll

  Figure 6.1    This figure illustrates the proper decubitus positioning 
for a laparoscopic transabdominal adrenalectomy. It is very impor-
tant to ensure that the inferior costal margin is positioned at the 
“break” in the bed. Used with permission of COACHsurgery.com       
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at the midclavicular line. On the left side, we place three ports 
subcostally about 5–10 cm apart, with the lateral-most port in 
the midaxillary line. On the right side, we typically place four 
ports in total with the additional port for a liver retractor. 
When inserting the ports, it is important to enter obliquely 
svhat the trochars are pointed toward the adrenal gland, oth-
erwise you will have to work against the abdominal wall the 
entire case. The camera is placed in the middle port and the 
surgeon works with a two-handed technique.  

    Procedure 

 Although some authors advocate identifying and ligating the 
adrenal vein first, we do not adopt this strategy for the fol-
lowing reasons: (1) identifying the vein can sometimes be 
difficult early on, especially in obese patients; (2) after ligat-

Assistant

a b

Assistant

Scope Scope

Grasper
Grasper

5/10mm port
placement

Iliac crest Iliac crest

Ligasure
Ligasure

  Figure 6.2    ( a ) Illustrates the placement of the ports for a 
 laparoscopic transabdominal left adrenalectomy. Often, only 3 
ports are used in a left adrenalectomy. Used with permission of 
COACHsurgery.com. ( b ) Illustrates the placement of the ports for 
a laparoscopic transabdominal right adrenalectomy. In this case, the 
fourth port is used to place a liver retractor. Used with permission 
of COACHsurgery.com       
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ing the vein in cases of pheochromocytoma, the friable para-
sitic blood vessels characteristic of that disease dilate and 
lead to increased bleeding. The key to performing this opera-
tion successfully is respecting and exploiting the clear planes 
between structures – the hook cautery as a very precise 
means of following these planes. A vessel-sealing device is 
utilized to coagulate and ligate vessels. The operation is 
divided into a series of steps popularized by Quan-Yang Duh 
at UCSF:

    1.     Opening the book  – Incising the peritoneum and Gerota’s 
fascia to separate the adrenal gland and peri-adrenal fat 
from surrounding structures medially   

   2.     Reading from the top down  – Opening the plane between 
the adrenal gland and peri-adrenal fat and the medial 
structures starting from the peri-adrenal fat tail superiorly 
and moving to the adrenal vein or renal hilum   

   3.     Identifying and ligating the adrenal vein    
   4.     Separating the adrenal gland from the superior pole of the 

kidney    
   5.     Freeing the rest of the peri-adrenal attachments       

    Left Adrenalectomy 

 First mobilize the splenic flexure by incising the lienorenal 
and lienophrenic ligaments to allow the spleen to fall medially 
with gravity. The dissection continues by using the hook cau-
tery – stay one centimeter off the splenic capsule to prevent 
tearing the capsule. Incise the ligament at the superior pole of 
the spleen, at this point it is important to identify and avoid 
the stomach, which lies just posteriorly. Once the spleen is dis-
sected and reflected medially, the plane between Gerota’s 
fascia and the pancreas becomes readily identified. Retracting 
the spleen medially accentuates this plane. In obese patients, a 
fourth port for lateral retraction of the kidney and adrenal is 
sometimes helpful. The plane between Gerota’s fascia and the 
pancreas is carried inferiorly (Fig.  6.3 ). The splenic flexure 
often needs to be mobilized as you come to the superior pole 
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of the kidney. Once the plane between spleen and Gerota’s 
fascia is developed, open Gerota’s fascia superiorly and dis-
sect through the peri-adrenal fat to identify the psoas muscle. 
Carry this dissection laterally 4–5 cm to allow for lateral and 
inferior retraction of the adrenal gland as necessary. Then 
divide the peri-adrenal fat along the medial edge of the adre-
nal gland and carry this dissection toward the renal hilum. 
Multiple adrenal arteries will be identified and may be ligated 
with the electrocautery or vessel- sealing device as suitable. 
During this dissection the phrenic vein is often encountered 
and will lead to the adrenal vein (Fig.  6.4 ). Another rule of 
thumb is that the splenic vessels “point” to the location of the 
adrenal vein. The adrenal and phrenic veins are dissected with 
careful blunt dissection and ligated either with clips or the 
vessel-sealing device. Once the vessels are divided, identify 
the plane between the superior pole of the kidney and adrenal 
gland. When carrying out this dissection, it is important to 
watch out for a superior pole renal artery and avoid injuring 

  Figure 6.3    This figure illustrates the line of dissection between the 
pancreas/spleen and the left adrenal gland       
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it. The adrenal gland is then separated from the kidney. Then 
using a combination of blunt and sharp dissection, the adrenal 
gland is liberated from the psoas muscle and lateral abdomi-
nal wall. Hemostasis is obtained with irrigation, aspiration and 
electrocautery. The specimen is then removed in an imperme-
able specimen bag through the most anterior trocar. Enlarging 
the incision may occur for larger specimens. Fascial and skin 
incisions are closed.

        Right Adrenalectomy 

 First divide the triangular ligament and the filmy attachments 
in the bare area of the liver to fully mobilize the lateral por-
tion of the liver medially. The inferior leaflet of the ligament 
will transition into the peritoneum and Gerota’s fascia, which 
is divided carefully up to the lateral edge of the inferior vena 

  Figure 6.4    This figure demonstrates the relative anatomy of the 
inferior phrenic vein joining the left adrenal vein. The common 
trunk then drains into the left renal vein       
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cava. The dissection is then carefully carried along the lateral 
edge of the inferior vena cava. Once the Gerota’s fascia, peri-
toneum, and triangular ligaments are widely incised, mobilize 
the superior peri-adrenal fat pad as with the left side. 
Dissection is carried along the medial edge of the adrenal 
gland as described with the left adrenalectomy (Fig.  6.5 ). 
Typically a single adrenal vein enters the adrenal and inferior 
vena cave at the midpoint of the gland and is quite short 
(Fig.  6.6 ). The vein is dissected free and divided between clips 
or with the vessel-sealing device. The rest of the adrenalec-
tomy proceeds as described for the left adrenalectomy.

         Postoperative Care 

 A collaborative effort with the endocrinologists and general 
medical physicians is important to successful post-operative 
care. Postoperative follow-up is based on the particular 

  Figure 6.5    The “V” illustrates the technique of creating a plane 
between the adrenal gland and liver moving from superior to infe-
rior. The liver is being retracted anteriorly and medially to expose 
the anterior surface of the adrenal gland       
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pathology encountered and institutional requirements. The 
following are general guidelines for follow-up care based on 
pathology:

    1.     Aldosterone-producing adenoma : Stop all aldosterone 
receptor antagonists and potassium supplementation 
immediately after the operation. Anti-hypertensive medi-
cations may be either stopped and added back as needed 
or halved and adjusted as needed.   

   2.     Cushing’s syndrome : A rapid steroid taper to a low dose of 
oral steroids should be undertaken in conjunction with the 
endocrinologists. It is crucial to monitor these patients 
closely for signs and symptoms of adrenal insuffi ciency or 
frank Addisonian crisis.   

   3.     Pheochromocytoma : Patients must be monitored for 
hemodynamic instability, especially hypotension. Post- 
operative hypotension should be treated with volume 
resuscitation. Repeat cross-sectional imaging and plasma 

  Figure 6.6    This figure demonstrates the relative anatomy of the 
right adrenal vein, which enters the adrenal gland anteriorly. The 
right adrenal vein is relatively short and comes directly off of the 
inferior vena cava ( IVC ) into the adrenal gland/tumor       
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metanephrines should be obtained in 6 months to rule out 
recurrent or metastatic disease.   

   4.     Adrenocortical cancer : Patients should be enrolled in a 
clinical trial or placed on adjuvant chemotherapy such as 
mitotane. Repeat cross-sectional imaging should be 
obtained in 3 months to rule out recurrent or metastatic 
disease.         
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    Abstract     Posterior retroperitoneoscopic adrenalectomy has 
emerged as an alternative operative approach for the lapa-
roscopic removal of non-malignant tumors of the adrenal 
gland. Retroperitoneoscopic adrenalectomy offers advan-
tages to transperitoneal adrenalectomy and may be the 
ideal approach in patients with anticipated extensive adhe-
sions from prior abdominal surgery in the same quadrant 
or in patients requiring bilateral adrenalectomy as this 
approach avoids patient repositioning. The retroperitoneo-
scopic approach has been shown to be associated with opera-
tive times, complications, and mortality that are equivalent to 
adrenalectomy via the transperitoneal approach. Partial or 
cortical-sparing procedures have also been performed with 
favorable results. In this chapter, we describe the background, 
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rationale, indications and contraindications, preoperative 
preparation, and operative technique.  

  Keywords     Adrenalectomy   •   Laparoscopic   •   Retroperitoneal   
•   Retroperitoneoscopic   •   Posterior adrenalectomy  

        Introduction 

 Laparoscopic adrenalectomy has become the gold standard 
for removal of non-malignant tumors of the adrenal gland 
since its introduction by Gagner in 1992 [ 1 – 3 ]. Advantages of 
the laparoscopic approach include decreased pain and expe-
dited recovery. Indications for adrenalectomy have been 
reviewed elsewhere and include either the presence of a 
functional tumor of the adrenal cortex or medulla, or clinical 
concern for malignancy such as an adrenal nodule that dem-
onstrates interval growth, is ≥4 cm in size, or has concerning 
features on imaging. Isolated metastatic disease in patients 
who may benefit from metastasectomy is a less common indi-
cation for adrenalectomy. 

 Posterior retroperitoneoscopic adrenalectomy has 
emerged as an alternative approach to total or partial adre-
nalectomy, and has demonstrated utility in a variety of 
adrenal tumors including aldosteronomas, cortisol-secret-
ing tumors, pheochromocytomas, virilizing tumors, benign 
 adenomas, angiomyolipomas, ganglioneuromas, and adre-
nal metastases [ 4 – 6 ]. First reported in 1995 by Mercan 
et al., the posterior retroperitoneoscopic approach was not 
widely adopted until the necessary increased insufflation 
pressures for improved visualization were deemed safe for 
patients [ 7 ]. Giebler et al. clearly demonstrated that 
impaired cardiac filling occurred only when peritoneal 
insufflation pressures exceeded 15 mmHg, but did not 
occur when retroperitoneal insufflation pressures exceeded 
15 mmHg [ 8 ]. 
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 The retroperitoneoscopic approach to the adrenal gland 
offers distinct advantages to the transperitoneal approach 
including direct exposure of the adrenal gland and adrenal 
vein, avoidance of intraabdominal adhesions, and avoiding the 
need for adjacent organ displacement including the spleen, 
colon, and liver. Finally, bilateral adrenalectomies for ACTH-
dependent Cushing’s or familial pheochromocytoma can be 
performed through a retroperitoneal approach without 
patient repositioning. Walz et al. described 560 adrenalecto-
mies in 520 patients utilizing the retroperitoneoscopic 
approach during a 12 year period with no reported mortalities, 
a major complication such as myocardial infarction, bleeding 
requiring transfusion, and pneumonia occurring in 1.3 %, and 
a conversion rate to open or lateral approach of only 1.7 % 
[ 4 ]. Furthermore, they observed improved operative effi-
ciency with cases performed at a mean of 40 min by the end of 
their study period [ 4 ]. The retroperitoneoscopic approach 
should be used with caution in patients with (1) severe lung 
disease or COPD, (2) inadequate working space determined 
by the distance from the posterior 12th rib margin to the supe-
rior border of the iliac crest, (3) suspected adrenocortical 
cancer or suspected invasion into surrounding structures, (4) 
inability to tolerated the prone positioning, and (5) BMI > 45. 
Larger adrenals ≥6 cm should also be approached with cau-
tion through a retroperitoneoscopic approach as the malig-
nancy rate is higher and the ability to manipulate large tumors 
in the retroperitoneal space is limited. 

 Other groups have described their successful experience 
with the posterior approach as well. In the largest US series 
by Perrier et al. 68 patients had retroperitoneoscopic adrenal-
ectomy with a low conversion rate of 9 %, a mean operating 
time of 121 min, and no mortalities [ 5 ]. They further demon-
strated the feasibility and safety of the procedure in obese 
patients (BMI ≥ 30) requiring either unilateral or bilateral 
adrenalectomy [ 5 ]. This finding has been further confirmed in 
the obese population, noting decreased operative time and 
blood loss for retroperitoneoscopic compared to transperito-
neal adrenalectomy [ 9 ]. Partial or cortical-sparing 
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 adrenalectomy is also feasible and safe through the retroperi-
toneoscopic approach [ 10 ,  11 ]. In a meta-analysis comparing 
9 studies and 632 patients, the retroperitoneoscopic approach 
was associated with shorter operative time, less blood loss, 
and shorter length of hospital stay than patients who had 
laparoscopic transperitoneal adrenalectomy, with no differ-
ences identified in the rates of major complications or con-
version to open [ 12 ]. Single access posterior approaches and 
use of robotic- assisted retroperitoneoscopic adrenalectec-
tomy have also been described with favorable results [ 13 ,  14 ].  

    Preoperative Preparation 

 The pre-operative planning for patients having retroperito-
neoscopic adrenalectomy is the same as that for the trans-
peritoneal approach. Prior to surgery, the planned approach 
and tumor functional status is discussed with the anesthesia 
and operating room teams. An operating room table is ready 
and available immediately outside the operative suite during 
all retroperitoneoscopic adrenalectomies in preparation for 
emergent open laparotomy if necessary.  

    Description of Procedure 

    Positioning 

 Similar to preparing for laparoscopic transperitoneal adre-
nalectomy, patient positioning can sometimes be difficult and 
time-consuming. While the patient is supine on the transport-
ing gurney, general anesthesia with endotracheal intubation, 
foley catheter and needed IV access including central and 
arterial lines are placed before prone positioning on the 
operating table. We frequently inform anesthesia about the 
potential for CO 2  retention and request mild hyperventila-
tion after intubation to decrease CO 2  levels before position-
ing. This is particularly helpful in obese patients or those with 
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COPD as they can have a higher degree of CO 2  retention 
which may cause challenges with intraoperative hemody-
namic instability and extubation. The patient is then rotated 
into a prone jackknife position. We use a modified table with 
a thin gel pad placed in the lower ½ of the bed instead of the 
typical operating table padding, and large gel rolls that are 
positioned under the breasts and across the pubic symphysis 
to maximize the working space which is defined as the 12th 
rib posteriorly to the superior border of the iliac crest on the 
ipsilateral side (Fig.  7.1 ). The goal of padding placement is to 
allow the ventral abdominal wall to hang freely anteriorly. 
A Cloward table saddle can also be used. The patient’s arms 
are extended to 90° and placed on arms rests with padding in 
an ergonomic position to ensure no tension on the shoulders 
or pressure on the cubital tunnel. Manipulation of the surgi-
cal table with Trendelenburg positioning and flexing the hips 
to approximately 90° further maximizes the working space. 
The patient’s legs are positioned without pressure on the 

  Figure 7.1    Operating table modified to facilitate retroperitoneal 
approach       
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knees to avoid hip displacement. Two high-definition moni-
tors are placed on either side of the operating table. The flank 
is then prepared using chlorhexidine or betadine, and draped 
with blue towels and standard operating sheets from the 
lower border of the shoulder blades as far laterally as possi-
ble to the medial portion of the gluteus maximus inferiorly.

       Required Equipment 

•     Ports:
 –    5 mm bladeless trocar × 2  
 –   10 mm disposable Balloon trocar (Autosuture)  
 –   5 mm bladeless trocar × 1 (optional)     

•   Laparoscopic cameras:
 –    10 mm 30° scope  
 –   5 mm 30° scope  
 –   5 mm 45° scope (optional)     

•   Other Instruments:

 –    5 mm LigaSure™ ( Covidien Ltd, Mansfield, MA ) or 
Harmonic Ultrasound Device ®  ( Ethicon Endo- Surgery, 
Inc )  

 –   Laparoscopic Suction/Irrigation  
 –   Laparoscopic blunt grasper  
 –   Laparoscopic peanuts  
 –   EndoCatch™ ( Covidien Ltd, Mansfield, MA ) for speci-

men extraction        

    Insufflation 

 20–24 mmHg CO 2   

    Port Placement 

 An initial 1.5–2 cm incision is made just beneath the tip of the 
12th rib transversely and will be used for initial camera place-
ment and specimen extraction. Using a combination of sharp 
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and blunt dissection, the retroperitoneal space is entered. 
Using the index finger to clear retroperitoneal fat off the 
postero-medial border (paraspinous musculature) enables 
creation of a working space. This dissection then is carried to 
the superior-most extent of the operator’s reach medially and 
inferiorly until enough working space is created for placement 
of the camera port and the two 5 mm trocars. A 5 mm trocar 
is then placed 4–5 cm laterally and 2 cm inferior to the tip of 
the 11th rib angled appropriately to avoid collision with the 
rib during instrument manipulation. We insert a finger through 
the initial incision to guide the trocar into the working space 
and clear any overlying retroperitoneal fat. A second 5 mm 
trocar is placed at the medial border of the paraspinous mus-
cles usually ~4 cm medial to the 10 mm trocar and 3–4 cm 
below the 12th rib angled to 45°. The balloon trocar is placed 
through the initial incision and CO 2  insufflation is achieved to 
20–24 mmHg. The surgeon and assistant typically stand on the 
same (ipsilateral) side of the target gland.  

    Procedure 

 Using the 10 mm 30° scope, additional working space in the 
retroperitoneum is first created using two peanuts/graspers in 
a sweeping motion. The paraspinous muscle is an important 
landmark that allows for appropriate orientation in the retro-
peritoneum, and is first identified and cleared as superiorly as 
possible towards the adrenal. Starting medially will also pre-
vent entry into the peritoneum which lies laterally and near 
the plane of dissection particularly in thin patients. Entering 
the peritoneum during the dissection is suboptimal as CO 2  
insufflation into the peritoneal cavity can cause progressive 
reduction of the retroperitoneal working space as the perito-
neal contents are displaced by the CO 2 . The superior border 
of the kidney is then identified as the retroperitoneal fat is 
swept away. The upper pole of the kidney is identified and 
Gerota’s fascia is sharply entered, aided by pushing the kid-
ney down with the surgeon’s opposite hand exposing the 
adrenal gland. Freeing up the adrenal from the superior pole 
of the kidney is best accomplished at this point while the 
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adrenal is still attached superiorly and medially. Rarely, if 
exposure is limited, a 4th 5 mm trocar may be placed inferior 
to the lateral port to retract the kidney during dissection of 
the inferior portion of the adrenal gland. 

 During right adrenalectomy, the adrenal vascular supply is 
encountered posterior to the vena cava. Further dissection of 
the medial aspect of the adrenal gland facilitates gentle lat-
eral retraction of the gland and clear visualization of the 
IVC. The adrenal vein is then typically seen running posterior 
and lateral at 9–10 o’clock and may be clipped or doubly 
ligated with the coagulation device (Fig.  7.2 ). During left 
adrenalectomy the adrenal vein is encountered running 
medial to the upper pole of the kidney at approximately 4–5 
o’clock and is clipped or doubly ligated with coagulation 

  Figure 7.2    Intraoperative anatomy of right retroperitoneoscopic 
adrenalectomy.  A  adrenal gland,  AV  adrenal vein,  k  right kidney,  VC  
inferior vena cava (Image from Walz et al. [ 4 ], with permission from 
Elsevier)       
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(Fig.  7.3 ). An accessory renal artery may be present and is 
usually located in the 6 o’clock position, and should be pre-
served. On the left, there is often a limb of adrenal that 
extends anteriorly and medially into the renal hilum. Care 
should be taken not to inadvertently transect the adrenal at 
this location.

    Once the vein has been divided, dissection is then carried 
out laterally, leaving the superior attachments for last. The 
adrenal gland is then extracted through the 10 mm port using 
an EndoCatch™ ( Covidien Ltd, Mansfield, MA ). After 
extraction, the specimen is always inspected carefully on the 
back table to ensure that the adrenal has been resected in 
total. The camera is then re-inserted to visualize the adrenal 
bed for both adequate hemostasis and ensure complete 

  Figure 7.3    Intraoperative anatomy of left retroperitoneoscopic 
adrenalectomy.  A  adrenal gland with adenoma,  AV  adrenal vein, 
 K  left kidney (Image from Walz et al. [ 4 ], with permission from 
Elsevier)       
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resection. The balloon trocar site fascia is then closed, port 
sites are reapproximated at the skin, and sterile dressing 
(either steristrips or surgical glue) is applied.   

    Postoperative Care 

 Subcutaneous crepitus may be evident but resolves rapidly. 
Standard management of incisional pain is administered. 
Patients are given clear liquids after operation and if well 
tolerated move quickly to regular diet. The majority of 
patients are discharged home on postoperative day 1 with 
follow up in 2–3 weeks. Postoperative follow-up and medica-
tion continuation or discontinuation is based on the func-
tional status of the lesion, and is similar to the approach after 
the laparoscopic transperitoneal approach. A multidisci-
plinary approach facilitates safe, timely discharge.     
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    Abstract     Image guided biopsy techniques are the primary 
mechanism for evaluating breast abnormalities and have 
largely replaced surgical biopsy as a diagnostic procedure. 
The indications for biopsy include findings from screen-
ing mammograms which are supplemented with diagnostic 
imaging as well as clinical findings such as a palpable mass, 
nipple discharge or skin changes. The techniques for biopsy 
 primarily utilize a core needle device and more rarely fine 
needle aspiration, punch biopsy and surgical excision.  

  Keywords     Image guided breast biopsy   •   Breast abnormality   
•   Surgical biopsy   •   Core needle device   •   Needle aspiration   • 
  Punch biopsy   •   Surgical excision  
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        Introduction 

 Over the past 15 years, image-guided breast biopsy has nearly 
replaced open surgical biopsy for the diagnosis of suspicious 
breast lesions. As a result of this shift in practice, the majority 
of women with identified breast abnormalities no longer 
require surgical intervention for diagnosis. This minimally- 
invasive diagnostic procedure is now also recognized as hav-
ing equivalent accuracy to open surgical biopsy with fewer 
complications [ 1 ,  2 ]. 

 With increasing national emphasis on quality and 
patient- centered outcomes, radiologists and surgeons have 
focused efforts on credentialing programs to assure high 
quality outcomes for image-guided breast biopsies. 
Beginning in the late 1990s, the American College of 
Radiologists (ACR) and the American College of Surgeons 
(ACS) worked collaboratively to develop consensus guide-
lines for the performance and certification of image-
guided breast procedures, which included requirements for 
radiologists and surgeons, as well as the facilities perform-
ing the procedures [ 3 ,  4 ]. In recent years, the American 
Society of Breast Surgeons, in collaboration with the ACS, 
has also developed and endorsed a certification program 
specifically for surgeon-performed stereotactic and ultra-
sound image-guided breast procedures. (  http://www.breast-
surgeons.org    ) 

 One vital component to the accreditation process for 
breast interventional procedures is having a documenta-
tion process for imaging and pathologic concordance. 
Given the risk for under-diagnosis and sampling error with 
image- guided breast biopsies, individual case concordance 
with the imaging and the final pathology is crucial towards 
avoiding false negatives and pathologic underestimation. 
Through concordance assessment, decisions can be made 
regarding the need for open surgical excision, if a false 
negative result is suspected or if the patient has an atypical 
lesion that requires a larger excision for definitive 
diagnosis.  
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    Indications 

 According to the National Comprehensive Cancer Network 
(NCCN) Guidelines on Screening and Diagnosis of Breast 
Cancer, indications for a breast biopsy should be determined by 
patient age, symptom presentation, and radiographic findings 
[ 5 ]. Algorithms to screen for breast cancer and diagnose suspi-
cious breast lesions begin with mammography and are supple-
mented by diagnostic breast imaging inclusive of mammography, 
ultrasound and MRI. For patients with a symptomatic presenta-
tion such as a mass or skin or nipple changes, diagnostic imaging 
is used to further evaluate the areas of concern. 

    BI-RADS 4 and 5 Lesions 

 The American College of Radiology developed and maintains 
the Breast Imaging and Reporting Data System (BI-RADS®) 
for classifying mammograms by level of suspicion for malig-
nancy [ 6 ]. Women of any age who undergo screening or diag-
nostic mammograms and have findings consistent with 
BI-RADS 4 classification (suspicious abnormality) or 
BI-RADS 5 classification (highly suggestive of malignancy) 
should undergo biopsy of the breast lesion(s). Open surgical 
biopsy should only be performed if image- guided core needle 
biopsy is not possible. For patients with BI-RADS 3 lesions 
(probably benign), diagnostic algorithms for biopsy are then 
based upon symptom presentation and a shared decision mak-
ing discussion between the provider and patient for percutane-
ous biopsy vs close imaging and exam follow-up.  

    Palpable Breast Mass 

 A patient appreciated and clinician confirmed or provider iden-
tified palpable breast mass should undergo imaging evaluation. 
The breast imaging procedure will vary based on patient age 
with women under age 30 more likely to receive an ultrasound 
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as the first imaging procedure. Women over 30 years of age 
should be assessed with diagnostic mammogram and ultra-
sound for a palpable mass. Imaging confirmed cysts that are 
well-circumscribed and non-complex can be aspirated or moni-
tored. Palpable BI-RADS 4 and 5 lesions by either ultrasound, 
mammography or MRI should undergo image guided biopsy. 
A biopsy of a palpable breast lesion without image guidance is 
not recommended. Although a lesion may be palpable and 
large, directing the biopsy needle to the most diagnostic portion 
of the tissue under radiographic visualization will significantly 
reduce the risk of under-diagnosis or false negative pathologic 
results from the biopsy [ 1 ,  2 ].  

    Nipple Discharge 

 Women who present with nipple discharge that appears to 
drain from a single duct in only one breast, is clear or bloody in 
appearance, and occurs non-spontaneously should undergo a 
breast ultrasound with retro-areolar views and a diagnostic 
mammogram. The most common cause of bloody nipple dis-
charge is an intraductal papilloma; thus, if an intraductal mass is 
identified, then an image-guided biopsy is warranted to confirm 
the diagnosis. If no cause is detected on imaging, then an exci-
sional biopsy of the entire duct or a central duct excision is 
warranted. Nipple discharge from multiple ducts that is sponta-
neous can often be observed and managed expectantly.  

    Skin Lesions 

 Patients with skin changes suspicious for inflammatory breast 
cancer such as a peau d’ orange appearance or significant dif-
fuse erythema of over 1/3 of the breast, can undergo a punch 
biopsy of the skin to identify dermal lymphatic invasion from 
a malignancy. While the diagnosis of inflammatory breast can-
cer is clinical in nature, a biopsy can help to support the diag-
nosis. A negative test result, however, does not exclude 
inflammatory breast cancer. A skin biopsy can also be utilized 
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for nipple changes that are different or suspicious of a intra-
ductal malignancy such as Paget’s disease.   

    Description of Breast Biopsy Procedures 

 Several imaging techniques are used to guide breast biopsies, 
including mammography (conventional and stereotactic), ultra-
sound, and magnetic resonance imaging (MRI). The choice of 
imaging modality depends on a variety of factors including 
lesion access and visualization, in addition to physician experi-
ence and availability of equipment. Lesions located near the 
chest wall or immediately deep to the areola may not be acces-
sible with percutaneous techniques and may require an open 
surgical approach but an image guided biopsy should always be 
discussed and entertained prior to an excisional breast biopsy. 

    Fine Needle Aspiration 

 Fine needle aspiration (FNA) has largely been replaced by core 
needle biopsy for the evaluation of solid lesions. It does not pro-
vide histological information and therefore has limited diagnos-
tic capabilities. Currently, FNA is used primarily in the assessment 
of cystic lesions and is typically performed under ultrasound-
guidance. The ACR recommends the use of a high-resolution 
linear array transducer (frequency of 10 mHz or greater) for 
optimal breast imaging. The choice of needle should be large 
enough to aspirate potentially viscous fluid. The operator is 
advised to keep the needle as parallel to the chest wall and trans-
ducer face as possible to avoid penetration of the chest wall.  

    Core Needle Biopsy/Vacuum Assisted Core 
Needle Biopsy 

 Core needle biopsy is a common percutaneous method used 
to obtain a tissue diagnosis of a breast abnormality. Needle 
sizes vary from as large as 9 to smaller 16 gauge needles. 
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Ultrasound guidance is often the preferred approach for 
lesions visualized equally well on both mammography and 
sonography. This method allows for the patient to be in the 
supine position without compression of the breast. Stereotactic 
biopsy is the next choice for a lesion seen only on mammog-
raphy. MRI core biopsy is reserved for patients in which the 
MRI abnormality cannot be seen by mammogram or ultra-
sound. Placement of a localizing tissue marker following any 
percutaneous biopsy is mandatory to identify the biopsy site. 
This also facilitates accurate localization for subsequent sur-
gical excision or for patients undergoing neoadjuvant chemo-
therapy in which the lesion may not be visible post treatment. 
A post-biopsy mammogram is strongly recommended to 
document location of the marker as compared to the identi-
fied imaging abnormality. 

 There are several available options of needle biopsy 
devices including automated core needles and vacuum- 
assisted products. While the optimal device and needle size 
varies by the type of lesion and operator preference, vacuum- 
assisted products have been shown to be most effective in 
stereotactic and MRI-guided biopsy and allow multiple 
passes through the lesion via a single access site. For a stereo-
tactic biopsy, the patient is placed in the prone position, and 
the breast is compressed between an image receptor and a 
compression plate. The lesion is identified and computer gen-
erated coordinates are calculated to target the skin’s entry 
site. Skin infiltration with local anesthetic is used for any 
biopsy procedure to limit discomfort and pain. By using a 
single site, this technique allows for the collection of more 
specimens during one procedure and is most often used for 
micro-calcifications. The ACR recommends the use of 
vacuum- assisted devices of 11 gauge or larger in the perfor-
mance of stereotactic biopsies for micro-calcifications. Of 
note, currently stereotactic tables cannot accommodate 
patients over a weight of 300 pounds and image guided open 
surgical excision may be necessary in this obese population. 
For MRI-guided procedures, the patient is prone and the 
breast is stabilized between grid plates. Pre- and post-contrast 
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images are obtained, and the breast is repositioned as neces-
sary so that the lesion of interest is easily accessible. Post 
biopsy care includes closure of the core site with strips of tape 
and a small compression bandage and intermittent ice use 
over the site for the first few hours post procedure. See 
Fig.  8.1 .

  Figure 8.1    ( a ) Ultrasound of a breast mass. ( b ) Core biopsy of the mass       
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       Punch Biopsy 

 While there are several different methods that may be used 
to biopsy skin, punch biopsy has the ability to sample the 
subcutaneous fat. This is a simple office procedure that 
employs a punch instrument that may range in size from 2 to 
8 mm. After adequate local anesthesia is infused, the  physician 
simply holds the skin taught and twists the instrument per-
pendicular to the skin until it has penetrated the dermis to 
reach the subcutaneous tissue. The wound may be closed with 
either adhesive strips or a non-absorbable suture.  

    Excisional Biopsy 

 Surgical excision for the purposes of obtaining a tissue diagno-
sis should only be performed when there is no access via image 
guidance. The technique performed is the same as for an image 
localized lumpectomy. The goal should not only be to obtain a 
tissue diagnosis but to also completely excise the lesion with 
clear margins. For a complete description of the procedure, 
please see the chapter of this book on breast lumpectomy.   

    Complications 

 As compared to open biopsy, an image-guided minimally inva-
sive approach offers similar accuracy with lower complication 
rates. While adverse outcomes such as a seroma or hematoma 
may occur, adequate compression is often all that is necessary 
following the procedure to ensure hemostasis. More serious 
complications, including pneumothorax and retained wire 
fragments, have been described but are quite rare [ 7 ].  

    Follow Up 

 After any biopsy of a breast lesion, the pathologic findings 
largely determine next steps in follow up. Patients with benign 
pathologic findings that are concordant with imaging should 
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be followed with physical exam and regularly- scheduled 
imaging, if age-appropriate. For lesions that are found to be 
malignant, planning for surgical excision versus neoadjuvant 
therapy should be employed. For patients with indeterminate 
pathology, atypical ductal hyperplasia, lobular carcinoma in 
situ, flat epithelial atypia, benign pathology with discordant 
imaging, intraductal papillomas or otherwise pathologically 
concerning lesions, an open surgical excision for a representa-
tive sample of tissue may need to be performed.  

    Summary 

 In summary, when performing a diagnostic procedure of a 
breast lesion, the specific method should be determined by 
patient age, symptom presentation, and breast imaging char-
acteristics. Given the rapid growth of technological advances 
in breast cancer treatment, it is best to consult the most 
recent consensus guidelines on appropriate choices for diag-
nostic modalities and image guided biopsy technology.     
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    Abstract     Breast conservation surgery for a benign or malig-
nant breast lesion remains the cornerstone operation for the 
oncologic and general surgeon. Localization of non palpable 
lesions is performed with either a wire or radioactive seed but 
intraoperative ultrasound can be utilized for those with training 
to employ this approach. Oncoplastic techniques are becoming 
increasingly popular for excision of a breast malignancy.  

  Keywords     Lumpectomy   •   Partial mastectomy   •   Oncoplastic   
•   Localization  
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        Introduction 

 The surgical removal of a benign breast lesion, an unknown 
breast abnormality or the excision of a breast malignancy has 
become progressively less invasive over time without nega-
tively impacting the diagnostic or oncologic outcomes. For a 
mass or area of the breast with an imaging abnormality that 
is not amenable to image guided biopsy, a surgical biopsy 
involves removing the area for diagnosis. This procedure is 
used with less frequency due to the ability for most lesions to 
be diagnosed via image or palpation guided biopsy. For a 
known benign lesion the primary procedure utilized is the 
lumpectomy with indications being growth of a benign mass, 
size causing discomfort or patient desire for removal. This can 
be performed with image localization if the lesion is not pal-
pable. For a lesion with malignant potential such as a radial 
scar or atypical ductal, lobular or papillary changes, a lumpec-
tomy of the area is recommended with image localization. 
For a breast cancer, the radical mastectomy is now rarely 
indicated but included the resection of the breast, overlying 
skin, pectoralis muscles and axillary lymph nodes and had 
many concomitant morbidities [ 1 ]. Subsequent randomized 
trials demonstrated equivalent results between radical mas-
tectomy and modified radical mastectomy which motivated 
providers to uncover less invasive means for excision of a 
cancer [ 2 ]. Beginning in the 1970s, multiple randomized trials 
from the United States and Europe validated that partial 
mastectomy or breast conservation surgery plus radiation 
was as effective as total mastectomy [ 3 – 5 ]. The continued 
evolution of breast cancer operations has led to the use of 
“oncoplastic” techniques to permit adequate removal of a 
breast cancer while simultaneously providing surgical tech-
niques to facilitate excellent cosmetic outcomes. Oncoplastic 
techniques can be as simple as a mastopexy or “lift” type 
operation that is performed by the oncologic surgeon verses 
more complex reduction techniques that involve both a plas-
tic and oncologic surgical team [ 6 ]. 

 For a patient with a breast malignancy, the decision to 
undergo breast conservation or a mastectomy is driven by 
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multiple factors which include the tumor to breast size ratio, 
the expected extension of an in-situ component, genetic sus-
ceptibility to breast cancer and the patient’s own approach to 
her cancer based on education from her providers regarding 
the pros and cons of each surgical approach. Excision of a 
benign lesion should always involve the most direct approach 
to the lesion with the least amount of tissue excision which 
will facilitate complete removal of the abnormality. Excision 
of a cancer involves more complex planning to ensure that 
the maximum of amount of tissue is removed to ensure a 
negative “margin” yet so much is not removed as to cause a 
significant cosmetic defect and deformity.  

      Surgical Biopsy/Lumpectomy 

 There are many benign lesions of the breast as well as many 
lesions that require excision for diagnosis or to confirm an 
image guided biopsy accurately diagnosed a lesion of interest. 
A surgical biopsy or lumpectomy involves removing a lesion 
with a minimal rim of normal tissue around the lesion. For 
some suspected benign lesions the “rim” can be very small and 
almost negligible in the case of the benign fibroadenoma or 
nonatypical papilloma. If the lesion is one that could not 
undergo image guided biopsy or is a lesion with potential 
malignant diagnosis (radial scar, atypical hyperplasia or atypi-
cal papilloma) direct excision of the area is recommended with 
removal of the lesion in total with minimal surrounding breast 
tissue. Incisional breast biopsy is rarely indicated due to the 
ability of image guided biopsies to provide a diagnosis. 

    Lesion Localization 

 For non-palpable lesions, localization is required. The two 
most popular techniques utilized for breast lesion localization 
are the wire or a radioactive iodine-125 seed [ 7 ]. In addition, 
for the surgeon skilled in intraoperative ultrasound, this imag-
ing modality can be used for localization of a non palpable 
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lesion [ 8 ]. Either of the seed or wire localization procedures 
can be done via mammogram, ultrasound or more rarely MRI, 
whichever will be easier for the patient and permits the most 
direct access to the breast lesion or lesions of interest. The 
radioactive seed localization procedure is not available in 
most breast centers and institutions due to the stringent 
requirements for a radioactive safety program to prevent loss 
of a radioactive point source, the seed. Retrospective studies 
and randomized trials in patients with cancer have shown the 
two procedures to be equivalent with a slightly lower re-exci-
sion rate with seed localized procedures. Prior to the lumpec-
tomy surgery, two-view mammogram (CC and MLO) is 
necessary to determine the exact location of the lesion and 
localization wire or seed within the breast and should be avail-
able to the surgeon in the operating room. Figure  9.1a, b  show 
an example wire and seed in patients undergoing localization 
for nonpalpable lesions.

       Surgical Procedure 

 Anesthesia for a breast surgery can involve the use of local 
anesthetic with sedation, a paravertebral block or general 
anesthetic. Incision placement for a surgical biopsy or lumpec-
tomy can vary depending on the size and type of lesion to be 
excised. For a known benign lesion either an incision directly 
over the lesion or a periareolar incision which facilitates access 
to the benign lesion can be selected if cosmesis is of impor-
tance to the patient and a periareolar incision will not compro-
mise future breast feeding in premenopausal women. For an 
excisional biopsy of an unknown abnormality the incision with 
the most direct access to the area is desired. Mammographic or 
MRI localization may not have facilitated placement of a local-
ization wire directly adjacent to the lesion so the surgeon must 
evaluate the location of the abnormality and determine the 
best incision placement without necessarily following the wire 
through the breast which may lead to an excess of tissue 
removed. Incision placements are commonly radial in the 
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lower breast and periareolar or along Langer’s lines in the 
superior breast but should be selected based on patient breast 
size, lesion size and best location to avoid a convexity post 
surgical removal. Excision of a lesion can use electrocautery, 
knife or scissors depending on surgeon preference. Once 
removed, the specimen requires orientation in three dimen-
sions, using either suture, clips or ink (Fig.  9.2 ). Even if known 
to be benign a breast lesion should be oriented to prevent need 
for re-excision if an unsuspected cancer is detected. A radio-
graph of the tissue is then  necessary for non-palpable lesions 

  Figure 9.1    ( a ) Left breast wire localization prior to lumpectomy. ( b ) 
Radioactive seed localization of inferior breast lesion       
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to ensure inclusion of the area of concern. If a biopsy was 
performed pre-operatively for the diagnosis, then often a 
metallic clip will be present and should be confirmed within 
the specimen as well as the lesion of interest. A 3-0 Vicryl 
suture should then be used, in an interrupted fashion, to re-
approximate the deep dermal layer. A 4-0 Monocryl or non 
absorbable suture (which will be removed post operatively), in 
a running fashion, should finally be used for the subcuticular 
layer. Apply either Steri- Strips or a liquid adhesive to the skin 
to complete the operation.

  Figure 9.2    Inking of a lumpectomy specimen       
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        Nipple Exploration 

 For nonlactating patients with bloody nipple discharge or 
unilateral spontaneous discharge, nipple exploration and 
duct excision is recommended. The procedure is performed 
once examination has confirmed the discharge and imaging is 
negative for abnormality that is amenable to biopsy. The pro-
cedure involves use of local or regional anesthesia with inci-
sion placement in a periareolar location near the duct with 
discharge. The patient should be advised to not express the 
discharge for several days prior to the surgery. The breast tis-
sue is incised up to the posterior ducts and then a lacrimal 
duct probe placed through the duct of interest. Blunt dissec-
tion is performed to the duct and then the duct excised with 
knife or cautery from the nipple insertion site to 5-7 cm deep 
into the breast. The lacrimal duct probe is removed once the 
duct is identified and excision started. The specimen is ori-
ented and then the breast tissue closed with 3-0 Vicryl and 
skin closed with absorbable or nonabsorbable suture (to be 
removed 1 week later in clinic). Steri-strips and dressing are 
then applied.  

    Partial Mastectomy/Oncoplastic Breast 
Surgery 

 For patients undergoing breast conservation surgery for can-
cer, the localization procedures with wire, seed or ultrasound 
are similar to those described in Sect.  9.2 . The only note of 
difference is that for patients with several abnormalities 
(multi-focal disease within one quadrant of the breast) which 
are felt to be amenable to partial mastectomy several wires 
may be used for “bracketing” of a lesion. In these and all 
cases of localization for cancer the surgeon and breast radi-
ologist should discuss the case together to ensure each pro-
vider understands the operative plan for the patient. For 
patients with mulit-centric disease, or cancers in more than 1 
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quadrant of the breast, currently mastectomy is advised but is 
undergoing review in a clinical trial to determine if breast 
conservation is possible for lesions separated by more than 
2 cm (Alliance/American College of Surgeons Oncology 
Group trial Z11102). For multi-focal disease, the operative 
procedure will likely involve a larger excision than a diagnos-
tic lumpectomy or excision of a benign lesion. Incision place-
ment is frequently over the lesion or periareolar but as more 
oncoplastic techniques are employed the surgeon may select 
an incision based on the ability to provide the best internal 
breast closure post excision [ 6 ,  9 ]. 

 Intraoperatively the surgeon is advised to again label the 
specimen on three sides or to ink all six sides to ensure the 
pathologist knows the orientation of the specimen to facilitate 
accurate assessment of tumor margins. Recent data suggests 
that the surgeon should consider shave excision of each margin 
(except anterior if removed from under the skin or posterior if 
removed off the pectoralis fascia) to reduce the re-excision rate 
associated with breast conservation surgery. The shave involves 
the entire margin but is of minimal thickness. The use of this 
technique has been evaluated in a retrospective fashion as well 
as a randomized clinical trial and supports a reduced second 
surgery rate for patients with a breast malignancy [ 10 ,  11 ]. The 
operative surgeon is not advised to use intraoperative pathol-
ogy unless they are in a location that has an established frozen 
section program for breast conservation tissue assessment. 
Another difference between benign lumpectomy or excisional 
biopsy and partial mastectomy is the recommendation to place 
a clip or 2–3 clips in the lumpectomy cavity for radiation local-
ization for cavity boost. There is no level 1 evidence that this 
improves outcomes but is minimal risk and is therefore recom-
mended. Surgical closure is as described in Sect.  9.2  and consid-
eration should be given for a compressive bra post operatively 
if a large oncoplastic surgery was performed to facilitate heal-
ing and prevention of seroma. For patients requiring a reduc-
tion or larger oncoplastic excision with their breast conservation 
surgery consideration should be given to working collabora-
tively with a plastic surgeon to ensure the best cosmetic out-
come for the patient.     
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    Abstract     The mastectomy has evolved over the past 50 years 
into a less “radical” operation which is utilized for removal of 
a breast cancer as well as prevention of future malignancy. 
This operation is frequently coupled with implant or autolo-
gous reconstructive techniques.  

  Keywords     Mastectomy   •   Reconstruction  

        Introduction 

 In modern breast practice the surgeon works collaboratively 
with a multi-disciplinary team of oncologists to ensure the best 
long term outcome for patients with a breast malignancy. 
Though the partial mastectomy or breast conservation surgery 
is the more frequent operation for removal of a breast tumor, 
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the mastectomy remains a key operative option. This option is 
undertaken after a shared decision making discussion with the 
patient about her tumor size, tumor type and desired long term 
approach to the cancer. In some situations, such as patients with 
large tumors which are not amenable to neoadjvuant therapy or 
those with extensive calcifications or multi-centric disease, a 
mastectomy is the only choice for complete excision of the dis-
ease. For some patients with a known genetic mutation or strong 
family history without known mutation, a mastectomy may be 
the patient’s choice for surgical treatment. For some patients 
without a family history they may elect mastectomy to avoid 
future imaging and interventions. It is important for patients to 
be counseled on the equivalent survival between mastectomy 
and breast conservation surgery but it is ultimately the patient’s 
decision regarding her operative choice for excision of a breast 
cancer. There are multiple oncologically safe options for patients 
and it is surgeon’s role to help the patient navigate these options 
to achieve a desired long term outcome with a good quality of life. 

 The Radical Halstad mastectomy is an operation of primary 
historical interest but set an important precedent for the tech-
niques required for removal of the breast, chest muscles and 
axillary contents. The more extensive operation performed in 
today’s operating room is the Modified Radical Mastectomy 
(MRM) which removes the breast and axillary contents and 
occasionally the pectoralis minor muscle. More commonly as 
less invasive procedures have improved over the past 25 years 
and clinical trials have validated the use of a more minimalist 
approach, the simple mastectomy with sentinel node surgery 
has replaced the MRM [ 1 ]. A simple mastectomy is an opera-
tion intended to remove all breast tissue and can be performed 
with or without reconstruction. There are three types of mastec-
tomies: total or simple, skin- sparing and nipple-sparing.  

    Simple Mastectomy Without Reconstruction 

 A total/simple mastectomy is performed in settings without 
immediate reconstruction. Consultation with a plastic sur-
geon should be offered to all patients undergoing a mastec-
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tomy. In some cases the patient may prefer no reconstruction 
or may elect a delayed reconstruction option based on the 
need for adjuvant radiation or medical therapy. As previously 
noted a simple mastectomy can be performed with a sentinel 
node excision or with axillary dissection which would be 
labeled a modified radical mastectomy. The type of axillary 
surgery is dependent on preoperative imaging, preoperative 
or neoadjvuant therapy and prior biopsy of axillary nodes. 
Anesthesia for a simple mastectomy can utilize a paraverte-
bral block vs general anesthesia. Increasingly breast surgery 
can be performed with a paravertebral block with institu-
tional studies revealing decreased post operative pain and 
nausea with the regional anesthestic approach [ 2 ]. 

    Surgical Procedure 

 A total/simple mastectomy removes as much skin as possible 
to create flaps that will lie flat against the chest wall (Fig.  10.1 ). 
An elliptical incision surrounding the nipple- areolar complex 
is employed. The most medial point should be lateral to the 
border of the sternum at the level of the nipple with some 
surgeons “tailing” the incision towards the xiphoid to prevent 
a “dog ear” or excess skin in the medial location. The lateral 
edge should be placed along the chest wall lateral to the breast 
mound but adjusted superiorly pending the need for axillary 
surgery or to prevent excess skin this location. The superior 
and inferior incisions are placed to remove the most amount of 
skin but to also allow for closure of the wound. Some surgeons 
utilize a piece of suture to ensure the upper and lower incisions 
are of similar length.

   The skin flaps for all mastectomies should be created 
between the breast capsule and the skin. A bloodless tissue 
plane is often identified with adequate retraction which can 
employ several skin hooks or facelift retractors. Thickness is 
dependent upon the patient and the amount of adipose over-
lying the breast tissue. No standard thickness exists, but the 
tissue remaining should, at a minimum, cover the dermal 
layer of the skin completely. If inadequate tissue remains, 
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then there is a risk for skin necrosis. Dissection commonly 
employs cautery though more recently some surgeons are 
utilizing the lower energy devices such as ultrasonic or 
plasma blades. The borders of the dissection include the sec-
ond rib superiorly, the upper border of the rectus sheath 
inferiorly, the lateral border of the sternum and the latissimus 
dorsi muscle laterally [ 3 ]. Another option to sharp mastec-
tomy flap dissection is to use tumescent solution for mastec-
tomy flap creation. The solution consists of normal saline, 
lidocaine and epinephrine. A 20 g spinal needle is used for 
infiltration in multiple locations once the skin edge is incised 
with a knife. The solution is injected into the breast/subcuta-
neous plane and then scissors are used to complete the 

  Figure 10.1    Simple mastectomy without reconstruction       

 

J.D. Arbuckle and L.G. Wilke



111

flaps [ 4 ]. The surgeon performing the mastectomy needs to 
select the approach with which they achieve the lowest skin 
flap necrosis. Once the breast capsule has been dissected 
from the skin layer, the tissue should be removed from the 
pectoralis muscle. The overlying pectoralis fascia should but 
does not have to be included as well. This dissection is com-
monly performed in a superior to inferior fashion. The breast 
tissue should be retracted inferiorly for the duration of the 
dissection. Care should be taken to avoid entrance into the 
axilla laterally but should include the entire axillary tail 
breast contents. The fascia of the serratus anterior muscle 
should be left intact as well. 

 After removal of the specimen, the tissue should be ori-
ented with sutures superiorly and laterally. The wound is 
copiously irrigated with water, and hemostasis is confirmed. 
The flaps should be examined in a systematic fashion, start-
ing at the 12 o’clock position of the chest and working 
clockwise. Gently retract the skin and patiently observe for 
any bleeding. Cautery or a low energy device can be used, 
pending the thickness of the flaps. Re-examine the pectora-
lis muscle, along with any ligated vessel, to ensure adequate 
hemostasis. 

 A closed drain system should be used within the mastec-
tomy bed. A 10 or 15 French drain is placed beneath the 
inferior flap with exit laterally. If a sizeable amount of tissue 
was removed with concern for a potentially large post- 
operative seroma, a second drain can be placed. The drains 
can then be sutured to the skin with either a nonabsorbable 
suture; usually a Nylon. Closure of the wound should then 
proceed with a 3-0 Vicryl suture, in an interrupted fashion, for 
the deep dermal layer and then an absorbable or non absorb-
able suture (removed post operatively) in the subcuticular 
space. Surgical glue can be used for incisional coverage vs 
steristrips. A fitted bra or breast binder can be placed with 
gauze for added support post operatively. There are several 
companies which have developed post mastectomy bras. The 
surgeon should select the one that works best for his/her 
patient population.   
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    Skin and/or Nipple Sparing Simple 
Mastectomy with Immediate Reconstruction 

 The primary differences between a simple mastectomy and 
those which are skin and/or nipple sparing is the incision 
placement as well as the immediate reconstruction with 
either an expander/implant or autologous flap. Patient 
selection for these operations is not standardized but for 
those desiring nipple preservation, patients usually have 
tumors which are greater than 2 cm from the nipple or are 
undergoing prophylactic breast surgery [ 5 ]. With negative 
imaging and pre operative evaluation the rate of finding 
disease in the nipple areolar complex is low but not nega-
tive and therefore this procedure is felt to be oncologically 
safe for selected patients. The borders of the mastectomy as 
well the technique of dissection options is the same as 
noted for the simple mastectomy. The incision placement 
for a skin sparing mastectomy with nipple/areolar removal 
is a simple ellipse around the nipple areolar complex 
(Fig.  10.2 ). There are several incisions for a skin and nipple 

  Figure 10.2    Skin sparing mastectomy specimen       
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sparing mastectomy and include those which extend par-
tially around the areola with  extensions medially or later-
ally and those along the inframammary fold. The incision 
placement is dependent on the patients’ breast size and 
skin envelope and should be discussed with the patient and 
plastic surgeon prior to surgical intervention (Fig.  10.3 ). 
The dissection uses similar techniques but may employ a 
lighted retractor for better visibility of the skin flaps during 
the dissection. In addition if the nipple is preserved this 
area can be dissected with a knife to avoid thermal injury 
close to the nipple and may include a separate excision of 
the “button” of tissue beneath the nipple to provide a 
“margin” evaluation of the mastectomy specimen. Drain 
placement post mastectomy is dependent upon the type of 
reconstruction employed and closure is commonly per-
formed by the plastic surgical team.

  Figure 10.3    Nipple sparing mastectomy with implant reconstruction       
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    Abstract     The status of the axillary lymph nodes in breast 
cancer patients remains an important predictor of overall 
survival. The complete axillary node dissection has been 
largely replaced by the sentinel node mapping surgery in 
the past 15 years. The indications and techniques for sentinel 
node surgery have evolved over the past 10 years with resul-
tant decreases in operative morbidity.  

  Keywords     Sentinel node   •   Axillary dissection   •   Axillary 
lymph nodes   •   Sentinel node mapping   •   Operative morbidity  
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        Introduction 

 The status of the axillary lymph nodes is the most predictive 
factor of overall survival in patients with breast cancer [ 1 ]. 
Historically, axillary staging was accomplished by performing a 
formal axillary lymph node dissection (ALND). However, 
ALND is now reserved for patients who present with a clini-
cally positive axilla or are found to have pathologically con-
firmed positive lymph nodes. For the majority of breast cancer 
patients who present with a clinically negative axilla, a sentinel 
lymph node (SLN) biopsy is now considered the standard of 
care [ 2 ], offering a low-morbidity staging procedure with reli-
able identification of axillary metastases (Table  11.1 ) [ 3 – 7 ,  9 ].

       Axillary Sentinel Lymph Node Surgery 

 The SLN biopsy is based on the concept that breast cancers 
will drain to a single node or group of nodes prior to draining 
to more distal nodes. The status of the SLN can then be used 

   Table 11.1    Associated morbidity of sentinel lymph node biopsy 
versus axillary lymph node dissection   

 Sentinel lymph 
node biopsy 

 Axillary lymph node 
dissection 

 Infection  1–11 % [ 3 – 5 ]  8–15 % [ 3 ,  5 ] 

 Seroma  6–7.1 % [ 4 ,  5 ]  14 % [ 5 ] 

 Hematoma  1.4 % [ 4 ]  NA 

 Brachial Plexopathy  0.2 % [ 4 ]  0.97 % [ 5 ] 

 Lymphedema 
(objective) 

 0–8 % [ 5 – 8 ]  8–16 % [ 5 – 9 ] 

 Lymphedema 
(subjective) 

 2–5 % [ 3 ,  5 ,  10 ]  13–27 % [ 3 ,  5 ,  10 ] 

 Axillary sensations 
(objective) 

 9 % [ 3 ]  31 % [ 3 ] 

 Axillary sensations 
(subjective) 

 1–11 % [ 3 – 7 ,  9 ]  15–68 % [ 3 ,  5 – 7 ,  9 ] 

S.E. Holden and H.B. Neuman



117

as a marker for the status of the axilla as a whole; if there are 
no metastases present in the SLN, there should be a low like-
lihood of additional nodes being positive. Numerous prospec-
tive, multi-institutional studies have concluded that surgeons 
can successfully identify a SLN in >97 % of patients [ 11 ,  12 ]. 
Additionally, the SLN biopsy accurately reflects the axillary 
status in 97 % of patients, with a false negative rate of less 
than 9 % in earlier studies and less than 2–3 % in more mod-
ern use of the technique [ 12 ]. Based on these results, further 
axillary surgery can be safely avoided in patients with a nega-
tive SLN. Most patients with a clinically negative axilla are 
candidates for SLN biopsy; however, this technique is contra-
indicated in patients with inflammatory cancer or those 
patients unable to receive the mapping agents (use of dye in 
pregnancy, allergies to tracers or dye). 

    Operative Technique 

    Injection of Radiocolloid and Blue Dye 

 The most common technique when performing a SLN biopsy 
is to utilize both blue dye and radiotracer for lymphatic map-
ping. Although either technique alone is reliable when 
 performed by experienced surgeons, the combination may be 
the most accurate for surgeons early in their SLN learning 
curve [ 13 ]. Injection of the radioactive tracer, typically tech-
netium- 99 m ( 99m Tc) sulfur colloid, should occur within 24 h 
of surgery and may be followed by lymphoscintigraphy to 
confirm localization. Injections are most commonly peritu-
moral or subareolar, with high identification and concor-
dance rates between the two injection sites [ 14 ]. In addition, 
subareolar injection is generally favored for injection of non-
palpable tumors and multicentric disease. 

 Injection of blue dye occurs in a similar fashion as radio-
colloid. Either 1 % isosulfan blue (5 cc) or dilute methylene 
blue (1–2 cc diluted to 5 cc with normal saline) should be 
injected 5–15 min prior to the procedure in the periareolar or 
peritumoral location. Methylene blue should not be injected 
too superficially due to risk of skin or nipple necrosis. 
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Furthermore, the anesthesiologist should be informed when 
injection of the blue dye occurs, as this can cause decreased 
oxygen saturation, mild blue rash or hives (0.4 %), or in rare 
cases a severe anaphylactic reaction (0.2 %) [ 12 ]. Gentle mas-
sage is applied to the breast for 3–5 min to facilitate drainage 
through the lymphatic channels to the nodal basin.  

    Pre-incision Localization of SLN 

 The majority of SLN biopsies can be conducted under 
regional block. If general anesthesia is required, paralytics 
are typically avoided. The patient should be positioned with 
the involved arm extended out on an arm board; some prefer 
to place a roll under the ipsilateral shoulder to elevate the 
axillary contents into the field. After the blue dye has been 
injected, the ipsilateral chest and involved axilla are prepped. 
The hand-held gamma probe is then used to localize the area 
of maximal radioactive uptake within the axilla, and this spot 
is marked. For patients undergoing mastectomy, the SLN can 
be identified through the mastectomy incision. For breast 
conservation patients, it is helpful to consider what the 
 optimal ALND incision would look like when planning the 
SLN incision (see ALND section next). A small portion of 
this ALND incision which overlies the area of greatest radio-
activity can then be used for the SLN biopsy. Most commonly, 
this is an approximately 3 cm incision just inferior to the axil-
lary hairline. If the radiotracer has failed to identify a SLN, 
the incision should be made at the base of the axillary hair-
line, just posterior and perpendicular to the pectoralis major.  

   Incision, Dissection, and Excision 

 A scalpel is used to make the skin incision, and electrocau-
tery used to dissect down through the subcutaneous tissue 
and clavipectoral fascia to expose the axillary contents. 
Utilizing the blue lymphatic channels and gamma probe as 
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a guide, a combination of blunt dissection and electrocau-
tery is used to localize SLNs. All nodes should be harvested 
that meet the following criteria: the “hottest” (most radio-
active) node, nodes with ex vivo counts >10 % of the hot-
test node, any blue node, any node at the end of a blue 
lymphatic channel, or suspicious nodes. All lymph nodes 
removed should have an ex vivo count taken using the 
gamma probe. Once all SLNs have been excised, a final 
background count of the axilla should be obtained. If this 
final count is higher than 10 % of the “hottest” node, a 
search for additional SLNs should be performed. Dissection 
should be performed along lymphatic channels and close to 
the SLNs to minimize damage to surrounding tissues. 
Although rarely visualized during the SLN biopsy proce-
dure, care should be taken to avoid injury to the thora-
codorsal or long thoracic nerve, as the SLN dissection is 
sometimes quite deep in the axilla.  

   Intraoperative Pathology 

 The options for intraoperative pathologic evaluation of a 
SLN includes frozen section or touch cytology (i.e. stamping 
the cut SLN pieces onto a glass slide and performing hema-
toxylin and eosin stain). Intraoperative pathologic evaluation 
is controversial in patients undergoing partial mastectomy, as 
not all patients may require a full ALND per the American 
College of Surgeons Oncology Group (ACOSOG) Z0011 
trial [ 15 ]. However, if planning a completion axillary dissec-
tion in the case of a positive SLN, intraoperative evaluation 
may allow for completion ALND in a single operation.  

   Closure 

 Hemostasis is achieved and the wound is irrigated. The clavi-
pectoral fascia is closed with 3-0 absorbable suture, which 
may decrease the rate of lymphocele. No drains are necessary. 

Chapter 11. Axillary Procedures for Breast Cancer



120

An additional closure in the deep dermal layer is performed. 
Finally, the skin is closed in a subcuticular fashion with 4-0 
absorbable suture, and Steri-Strips or Dermabond are applied 
(Fig.  11.1 ).

         Axillary Lymph Node Dissection 

 ALND is currently indicated for the majority of patients with 
clinically palpable nodes with biopsy-proven metastases, 
positive SLN, a failed attempt at SLN biopsy, or patients with 
contraindications to SLN biopsy. 

  Figure 11.1    Identification of a blue sentinel lymph node in the axil-
lary fat       
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    Operative Technique 

   Positioning 

 ALND is typically performed under general anesthesia with-
out the use of muscle relaxant to allow for easy identification 
of the nerves during the dissection; however, it can be per-
formed under regional anesthesia for some patients. The 
patient should be placed supine with the involved arm 
extended out to 90° and can be fully prepped into the surgical 
field by the use of a stockinette. A towel roll may be placed 
under the ipsilateral hemithorax and shoulder to lift the axil-
lary contents into the surgical field. A single dose of periop-
erative antibiotic with coverage of skin flora is administered.  

   Incision, Dissection, Excision, and Closure 

 The borders of the axilla (lateral border of pectoralis major 
and medial border of latissimus dorsi) should be marked. 
A curvilinear incision is then made in an anterior to posterior 
fashion between the lateral border of the pectoralis major 
and the medial aspect of the latissimus dorsi, just inferior to 
the hairline. The skin incision is deepened down to the clavi-
pectoral fascia. The fascia is incised and circumferential skin 
flaps are made just deep to the fascia to allow room for the 
dissection; this should extend laterally to the anterior border 
of the latissimus dorsi muscle, medially to the lateral aspect 
of the pectoralis muscle, superiorly to the approximate level 
of the axillary vein, and inferiorly to the fourth or fifth rib. 
Care should be taken during the lateral dissection to avoid 
dissecting a flap lateral to the latissimus muscle as this can be 
cosmetically unsatisfactory. The borders of the axilla are then 
defined by dissecting medially along the lateral aspect of the 
pectoralis major muscle and incising the pectoralis major 
fascia to expose the pectoralis minor muscle; at this point the 
medial pectoral nerve is identified and spared. The lateral 
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dissection continues along the anterior surface of latissimus 
dorsi muscle. 

 The axillary vein can then be identified using one of two 
approaches. The vein can be identified laterally by following 
the latissimus dorsi muscle superiorly until its tendinous por-
tion, where it crosses the axillary vein. Medially, the vein can be 
identified by looking superior and deep to the medial pectoral 
bundle. The inferior aspect of the vein should then be skeleton-
ized. During this dissection, the thoracodorsal neurovascular 
bundle should be identified. Multiple venous tributaries may 
be encountered along the inferior border of the axillary vein; 
these should be divided with care until the thoracodorsal neu-
rovascular bundle has been clearly identified. The largest of 
these vessels is the thoracoepigastric vein – a landmark for the 
thoracodorsal neurovascular bundle, which lies just deep and 
inferior. To confirm identification of the thoracodorsal neuro-
vascular bundle, the thoracodorsal nerve joining the vascular 
pedicle should be visualized (usually identified medial to the 
thoracodorsal vein). 

 The dissection then continues medially along the vein. The 
pectoralis minor is dissected free along its lateral aspect to 
allow medial retraction and access to level II nodes. These 
nodes are then cleared inferior to the axillary vein and swept 
down with the specimen. The long thoracic nerve is then visu-
alized coursing along the chest wall. It typically lies relatively 
deep in the axilla, and approximately 1 cm off of the chest 
wall. It should remain attached to the chest wall medially 
with dissection of all lateral tissues off the nerve and included 
in the specimen. 

 The fibro-fatty tissue between the thoracodorsal neuro-
vascular bundle and the long thoracic nerve can then be 
freed. Skeletonization of the thoracodorsal neurovascular 
bundle is the last step required to clear the axillary contents. 
Hemostasis is achieved and a closed suction drain is placed in 
the anterior axillary line. The incision is closed in 1 or 2 layers 
(depending on the thickness of the subcutaneous flaps) with 
interrupted deep dermal 3-0 absorbable sutures followed by 
an absorbable 4-0 continuous subcuticular stitch.       
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    Abstract     Gastroesophageal reflux disease (GERD) is a 
common disease. Established treatment options are lifestyle 
modifications, medications and laparoscopic anti-reflux sur-
gery (LARS). In this chapter we present the definition of 
GERD, a basic diagnostic algorithm, indication for LARS 
and details of the common surgical techniques in use.  
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        Introduction 

 The incidence of gastroesophageal reflux disease (GERD) and 
its related complications (erosive esophagitis, peptic stricture, 
Barrett’s esophagus (BE), and esophageal adenocarcinoma) is 
increasing worldwide [ 1 ]. GERD is the most common admitting 
diagnosis for Emergency Room visits, with an estimated 7 % of 
U.S. adults reporting heartburn once a day and 42 % once a 
month [ 2 – 4 ], with significant impact on quality of life. 

 GERD is defined as “Symptoms or Mucosal Damage 
Produced by the Abnormal Reflux of Gastric Contents into 
the Esophagus” [ 5 ]. Most common GERD symptoms are 
heartburn, regurgitation, and dysphagia but it may also mani-
fest with extraesophageal symptoms like cough, hoarseness, 
asthma, tooth decay, aspiration pneumonia, among others [ 6 ]. 

 While many patients can be managed with lifestyle modifi-
cations and acid suppressive medications, surgery is an option 
to provide long term symptoms relief. Once performed only 
via laparotomy or thoracotomy, today a  laparoscopic approach 
to Antireflux Surgery (LARS) is considered the gold standard 
and will be presented in the following sections.  

    Indications and Preoperative Workup 

 Patients are considered candidates for LARS after they have 
objective documentation for the presence of GERD [ 7 ,  8 ]. 
There are three independent predictors of a successful out-
come after LARS [ 9 ], they are:

    1.    GERD symptoms are responsive to acid suppressive therapy,   
   2.    Main symptoms are heartburn and regurgitation (‘typical’ 

GERD symptoms), and   
   3.    Patient has abnormal esophageal acid exposure deter-

mined by 24-h pH monitoring.    
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  Patients may opt for surgery despite successful medical 
treatment (due to concerns related to side effects of long 
term use of medications use, expenses, quality of life) or if 
they have GERD related complications (peptic stricture or 
Barrett’s Esophagus). 

 Patients with extraesophageal or atypical GERD symp-
toms experience, as a group, a lower success rates with LARS, 
but when GERD is properly documented by objective testing 
LARS is a therapeutic option [ 9 ]. 

 Once a patient is referred for consideration of LARS a 
thorough preoperative workup needs to be completed in 
order to: (a) confirm the diagnosis, (b) rule out coexisting 
conditions (i.e. stricture, diverticulum, ineffective esophageal 
motility), (c) plan the most appropriate surgical procedure, 
and (d) set clear expectations for the patient. 

 Recently a group of experts – the  Esophageal Diagnostic 
Advisory Panel  – published an evidence and experience- based 
consensus on the preoperative workup prior to  antireflux sur-
gery [ 10 ]. In line with most previous recommendations the 
panel’s proposed work up includes the following:

    1.    Symptomatic evaluation: grading of typical (heartburn, 
dysphagia, regurgitation) and atypical symptoms (cough, 
asthma, chest pain, dental erosions, and hoarseness) as well 
as response to proton pump inhibitors;   

   2.    Barium esophagram: this study, ideally video recorded, 
provides anatomic description of the esophageal anatomic 
landmarks such as length and diameter, presence/size/type 
of hiatal hernia, presence of diverticulum or strictures, and 
a basic evaluation of esophageal motility;   

   3.    Upper endoscopy: evaluates for mucosal injury and pres-
ence/size/type of hiatal hernia;   

   4.    Esophageal Manometry: rules out achalasia and aids in 
selecting full or partial fundoplication.   

   5.    24-h pH study (off PPI), ideally Multichannel Intraluminal 
Impedance (MII)-pH: confi rms pathologic refl ux. This may be 
omitted in patients with severe esophagitis or BE on Endoscopy. 
MII-Ph demonstrates any kind of refl ux (acid vs weakly acidic). 
Critical to the assessment and diagnosis is the  association of 
symptoms with the refl ux event  (generally within 2 min).    
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  Patients with recurrent symptoms of nausea, vomiting, 
bloating or retained food on upper endoscopy after overnight 
fasting should undergo a 4 h gastric emptying study. The pres-
ence of gastroparesis should prompt the surgeon and clini-
cian to re-evaluate indication for LARS. 

 While a Nissen fundoplication (posterior 360° fundoplica-
tion) seem currently the most commonly performed fundoplica-
tion in the U.S., surgeons must be familiar with the 180° anterior 
(Dor) and 270° posterior (Toupet) partial fundoplication tech-
niques that may benefit patients with ineffective esophageal 
motility and also that have been found on recent RCT’s to pro-
vide equivalent long term results to full fundoplications but with 
less side effects and need for re-operation [ 11 – 13 ]  

    Operative Planning, Positioning and Room 
Setup for Antireflux Surgery 

 The procedure requires general anesthesia with the patient 
intubated with a single-lumen endotracheal tube. Adequate 
muscle relaxation is critical as it improves abdominal wall 
compliance allowing for better exposure secondary to 
increased pneumoperitoneum. An orogastric tube is inserted 
to decompress the stomach. 

 The patient is placed in a modified lithotomy position with 
legs on stirrups or, if a split table is available, supine with legs 
parted. Care must be taken to secure the patient to the bed with 
all pressure points padded and protected. The procedure will be 
conducted using a steep reverse Trendelenburg position. It is 
generally recommended to confirm patient’s stability on the 
table by briefly placing the patient in the proposed position 
prior to prepping and draping (test flight); this practice mini-
mizes surprises after the laparoscopic procedure has begun. 

 Pneumatic compression stockings are routinely used for 
deep vein thrombosis prophylaxis. 

 The procedure usually requires five (5) trocars. The equip-
ment required is listed in Table  12.1 . The surgeon stands between 
the patient’s legs with the assistant on the patient’s left side.
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       Technical Steps for Laparoscopic Antireflux 
Procedure 

    Placement of Trocars 

 Five trocars are used for the operation. The initial trocar is 
placed about 15 cm below the xiphoid process about 1–2 cm 
to the left of the midline; this port is used for insertion of the 
scope. The method for first trocar insertion maybe the 
Hasson technique, direct trocar insertion with or without 
pneumoperitoneum and will vary depending on patient’s 

  Table 12.1    Basic 
 instrumentation for 
Laparoscopic antirefl ux 
surgery  

 Hasson 12 mm trocar (1) 

 5 mm blunt trocar (3) 

 11 mm blunt trocar (1) 

 10 mm – 30° scope 

 Atraumatic laparoscopic graspers 

 Laparoscopic needle holder 

 Babcock clamp 

 L-shaped hook cautery with suction-
irrigation capacity 

 Laparoscopic scissors 

 Vessel sealing system 

 Liver retractor 

 Fast clamp or laparoscopic 
BookWalter retractor 

 Penrose drain 

 0 and 2-0 SurgiDac sutures 

 56 French esophageal bougie 

 Laparoscopic clip applier 
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specific characteristics and surgeon’s preference. The second 
port (5 mm) is placed at the same level as the Hasson 
between the left midclavicular and the left anterior axillary 
line; this is the assistant’s port utilized for retraction via 
Babcock or Penrose drain. The third port (5 mm) is placed at 
the same level as the previous two ports but in the right mid-
clavicular line or the sub-xiphoid location. It is used for inser-
tion of the diamond liver retractor, the purpose of which is to 
lift the lateral segment of the left lobe of the liver and expose 
the esophagogastric junction. The last two trocars (5 mm on 
the right of the patients and 11 mm on the left) are placed as 
high as possible under the costal margin and about 5–6 cm to 
the right and the left of the midline; these ports are used by 
the operating surgeon for insertion of graspers, energy 
devices, and for suturing.  

    Essential Technical Elements of LARS 

 There are five key technical steps of LARS:

    1.    Complete crural dissection with identifi cation and preser-
vation of both anterior and posterior vagus nerve and 
reduction/excision of hiatal hernia sac if present,   

   2.    Circumferential dissection of the esophagus and posterior 
mediastinum to obtain adequate abdominal esophageal 
length (3 cm),   

   3.    Crural closure,   
   4.    Mobilization of gastric fundus with division of short gastric 

vessels, and   
   5.    Fundoplication     

 The last two steps have been source of long debate in the 
surgical community and while some authors, based on data 
from RCTs [ 14 ], may recommend against routine division of 
the short gastric vessels, all agree that a form of  fundoplication – 
partial or complete – is a mandatory final step for a successful 
antireflux procedure.   
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    Dissection of the Esophageal Hiatus 
and Esophageal Mobilization 

 The procedure begins with division of the gastrohepatic liga-
ment above the caudate lobe of the liver, where this ligament 
usually is very thin, and continues toward the diaphragm until 
the right crus is identified (Fig.  12.1 ). In 15 % of patients an 
accessory or replaced left hepatic artery, branching off the 
left gastric artery, may run in the gastrohepatic ligament alto-
gether with the always present hepatic branch of the vagus 
nerve. This should be preserved, but if exposure is compro-
mised and the vessel has a small size (indicative that it may 
be an accessory not a replaced left hepatic artery) it can 
generally be divided without consequence. The peritoneum 
and the phrenoesophageal membrane above the esophagus 

  Figure 12.1    Division of the gastrohepatic ligament ( A  left lobe of 
the liver,  B  gastrohepatic ligament,  C  diaphragm)       
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are divided (Fig.  12.2 ) and the anterior vagus nerve is identi-
fied (Fig.  12.3 ). The Phrenoesophageal fad pad maybe excised 
and left crus of the diaphragm is exposed (Fig.  12.4 ).

      The right crus is then separated from the right side of the 
esophagus by sharp and blunt dissection (Fig.  12.5 ), and the 
posterior vagus nerve is identified. The right crus is dissected 
inferiorly toward the junction with the left crus (Fig.  12.6 ). 
Care should be taken to leave the peritoneal lining on the 
right crus in preparation for crural closure.

    It is at the beginning of the dissection that care must be 
taken to identify and excise any potentially present hiatal 
hernia sac. If present, the sac needs to be reduced in the 
abdominal cavity and excised in its entirety. 

 The dissection is continued cranially into the posterior 
mediastinum to ensure proper mobilization of the distal 

  Figure 12.2    Opening of the phrenoesophageal membrane and ini-
tial dissection into the posterior mediastinum ( A  caudate lobe of the 
liver,  B  right crus,  C . areolar tissue of posterior mediastinum,  D  
divided phrenoesophageal ligament and fat pad  E  left crus,  F  gastric 
fundus)       
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esophagus which will then translate into adequate abdominal 
esophageal length. 

    Tips and Tricks 

 To avoid the risk of injuring the inferior vena cava or the left 
gastric artery at the beginning of the dissection, some sur-
geons use a different method—the so-called left crus 
approach. In this approach, the operation begins with identi-
fication of the left crus of the diaphragm and division of the 
peritoneum and the phrenoesophageal membrane overlying 
it. The next step is division of the short gastric vessels, starting 
midway along the greater curvature of the stomach and con-
tinuing upward to join the area of the previous dissection. 
When the fundus has been thoroughly mobilized, the perito-
neum is divided from the left to the right crus, and the right 

  Figure 12.3    The anterior vagus nerve ( Arrow ) is identified ( A  cau-
date lobe of liver,  B  right crus,  C  left crus,  D  esophagus)       
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crus is dissected downward to expose the junction of the right 
and left crura. With this technique, the vena cava is never at 
risk. In addition, the branches of the anterior vagus nerve and 
the left gastric artery are less exposed to danger. This 
 technique can be very useful, particularly for management of 
very large paraesophageal hernias and for re-operative anti-
reflux operations.   

    Mobilization of Greater Curvature 
with Division of Short Gastric Vessels 

 If routine Mobilization of Greater curvature with Division of 
SGV is contemplated, then at this point the vessel sealer of 
choice is utilized for this part of the procedure. Dissection 

  Figure 12.4    Exposure of the left crus and dissection of the angle of his 
( A . right crus,  B  posterior mediastinum,  C  left crus,  D  gastroesopha-
geal junction (excised phrenoesophageal fat pad),  E  stomach)       
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  Figure 12.5    Dividing the peritoneum in between the right crus and 
esophagus ( A  right crus,  B  esophagus,  C  left crus,  D  stomach)       

  Figure 12.6    Dissecting the right crus inferiorly towards the junction 
with the left crus ( A  caudate lobe of liver,  B  inferior vena cava, 
 C  right crus,  D  esophagus,  E  left crus)       
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begins at the level of the superior portion of the gastric body 
(Fig.  12.7 ) and continues upward until the most proximal short 
gastric vessel is divided (Figs.  12.8  and  12.9 ). Importantly, all the 
attachments of the posterior aspect of the gastric fundus to the 
left crura and the pancreas should also be divided (Fig.  12.10 ).

      Care must be taken to avoid bleeding, either from the 
short gastric vessels or from the spleen, and damage to the 
gastric wall. Placement of endoscopic clips in the more proxi-
mal short gastric vessels before dividing it may be used to 
prevent bleeding.  

    Creation of a Large Retroesophageal Window 

 The esophagus is retracted upward with a Babcock clamp 
applied at the level of the esophagogastric junction. By blunt 
and sharp dissection, a window is created under the esopha-
gus between the gastric fundus, the esophagus, and the left 
pillar of the crus. The window is enlarged and a Penrose drain 

  Figure 12.7    Mobilization of greater curvature with division of SGV 
( A  greater curvature of the stomach,  B  SGV,  C  spleen)       
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  Figure 12.8    Mobilization of greater curvature with division of SGV 
( A  greater curvature of the stomach,  B  SGV,  C  spleen)       

  Figure 12.9    Mobilization of greater curvature with division of SGV 
( A  greater curvature of the stomach,  B  SGV,  C  spleen)       
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is passed around the esophagus. This drain is then used for 
traction instead of the Babcock clamp to reduce the risk of 
damage to the gastric wall (Fig.  12.11 ).

   During this part of the procedure the surgeon should be 
aware of a potential common complications such as damage 
to the pleura and creation of a CO 2  pneumothorax. 

 A CO 2  pneumothorax is usually caused by dissection done 
above the pillar of the crus in the mediastinum rather than 
between the crus and the gastric fundus. This problem can be 
avoided by properly identifying the pleura and separating it 
by using blunt dissection. 

 If the pleura space is entered, the surgeon should immedi-
ately notify the anesthesiologist. The anesthesiologist should 
observe that peak airway pressure has increased (because of 
a pneumothorax), but this is usually managed without any 
other intra-operative intervention other than adjusting venti-
lation mode and reducing the pneumoperitoneum pressure 
from 15 mmHg to 8 or 10 mmHg. At the end of the  procedure, 

  Figure 12.10    Final aspect of complete mobilization of greater cur-
vature with division of SGV ( A  liver,  B  left crus,  C  pancreas, 
 D  greater curvature of the stomach)       

 

F. Palazzo et al.



141

while deflating the CO 2  pneumoperitoneum, the surgeon 
should ask the anesthesiologist to provide the patient a few 
large volume breaths. Due to the easy diffusibility of CO 2 , 
any residual gas in the pleural space is absorbed within 1 h or 
2 and chest drainage is not necessary in most cases. Neck and 
face emphysema related to progression of the pneumomedi-
astinum into the subcutaneous tissue resolves without inter-
vention within a few hours of the end of the procedure. CO 2  
pneumothoraces tend to resolve spontaneously, rendering 
insertion of a chest tube unnecessary.  

    Crural Closure 

 The diaphragmatic crura are closed with interrupted 0 non- 
absorbable braided sutures. Our preference is to use 0 
braided polyester on an Endostitch device (Autosuture, 
Norwalk, CT); with the sutures tied intracorporeally. This 

  Figure 12.11    Final aspect of the creation of the retroesophageal 
window ( A  right crus,  B  left crus,  C  esophagus,  D  penrose drain 
around the GE junction)       
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device, when used properly, allows for large crura bites while 
protecting the needle from inadvertently damaging the aorta 
or IVC (Figs.  12.12  and  12.13 ). Exposure is provided by 
retracting the esophagus upward and toward the patient’s left 
with the Penrose drain. The first stitch should be placed just 
above the junction of the two pillars. We prefer a figure of 
eight stich configuration. Additional stitches are placed 1 cm 
apart, and a space of about 1 cm is left between the upper-
most stitch and the esophagus (Fig.  12.14 ).

     The bougie is not placed inside the esophagus during this 
part of the procedure. 

 If a Nissen 360° fundoplication is planned a 56 French 
Bougie should be inserted by the anesthesiologist and passed 
through the esophagogastric junction under laparoscopic 
vision. A routine Bougie insertion is not necessary when a 
partial fundoplication is planned. The crura must be snug 
around the esophagus but not too tight: a closed grasper 
should slide easily between the esophagus and the crura.  

  Figure 12.12    Closure of the diaphragmatic crura ( A  right crus, 
 B  esophagus,  C  aorta,  D  left crus,  E  suture device)       
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  Figure 12.13    Closure of the diaphragmatic crura ( A  caudate lobe of 
the liver,  B  IVC,  C  right crus,  D  aorta,  E  left crus,  F  suture device)       

  Figure 12.14    Crural closure – Final aspect ( A  liver,  B  right crus, 
 C  esophagus,  D  penrose drain,  E  left crus)       
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    Fundoplication 

    Laparoscopic Fundoplication 

 The choice of a posterior complete (360° Nissen) versus 
posterior partial (270° Toupet) or anterior partial (180° 
Dor) fundoplication is based on individual patient charac-
teristics and surgeon preferences. In the US, the most com-
monly used fundoplication is the Nissen fundoplication. 
However, many centers in Europe and some in North 
America favor the 270 posterior or 180 anterior partial 
fundoplications, as they have been associated with smaller 
rates of post-operative side effect such as gas bloat or dys-
phagia and need for re- intervention in recent randomized 
controlled trials [ 11 – 13 ].  

    Laparoscopic Nissen Fundoplication 
(Posterior 360° plication) 

 The posterior and most superior aspect of gastric fundus is 
gently pulled under the esophagus through the retro- 
esophageal window with the graspers. The anterior and most 
superior aspect of the fundus is brought above the esophagus 
held together. A “shoe-shine” maneuver should be done to 
ascertain using the appropriate portion of the gastric fundus 
for the fundoplication. Then, three 2-0 non absorbable 
braided sutures are used to secure the two ends of the gastric 
fundus to each other, having them join at a 9 or 10 o’clock 
position (Fig.  12.15 ). The middle stitch may incorporate the 
muscular layer of the esophagus. Two coronal stitches are 
then placed between the top of the wrap and the esophagus, 
one on the right and one on the left. Finally, one additional 
suture is placed between the right side of the wrap and the 
closed crura. In order to ascertain that at ‘floppy’ fundoplica-
tion was created a grasper can be introduced to elevate the 
anterior lip of the fundoplication (Fig.  12.16 ).

F. Palazzo et al.



145

  Figure 12.15    Nissen fundoplication – Final aspect ( A  posterior lip of the 
fundoplication,  B  anterior lip of the fundoplication,  C  esophagus,  D  liver)       

  Figure 12.16    Nissen fundoplication ( A  anterior lip of the fundopli-
cation,  B  GE junction)       
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        Laparoscopic Toupet Fundoplication (Posterior 
270° fundoplication) 

 The first steps in a Toupet fundoplication are identical to the 
first steps in a Nissen fundoplication. The wrap, however, differs 
in that it extends around only 270° of the esophageal circumfer-
ence. Once the posterior aspect of gastric fundus is delivered 
under the esophagus, the two sides are not approximated over 
the esophagus. Instead, 90° of the anterior esophagus is left 
uncovered, and each of the two sides of the wrap (right and left) 
is separately affixed to the esophagus with three 2–0 non-
absorbable braided sutures, with each stitch including the mus-
cle layer of the esophageal wall. The remaining stitches (i.e., the 
coronal stitches and the stitch between the right side of the 
wrap and the closed crura) are identical to those placed in a 
Nissen fundoplication. One additional stich is place in between 
the posterior aspect of the gastric fundus and the closed crura 
(Fig.  12.17 ). Note that Fig.  12.17  also shows an accessory or 
replaced left hepatic artery, branching off the left gastric artery, 
running in the gastrohepatic ligament altogether with the 
always present hepatic branch of the vagus nerve.

       Laparoscopic Dor Fundoplication (Anterior 180° 
Fundoplication) 

 The first steps in a Dor fundoplication are identical to the first 
steps in a Nissen or Toupet fundoplication. The wrap, however, 
differs in that it extends anteriorly for 180° of the esophageal 
circumference. It is accomplished by suturing the posterior 
and most superior aspect of the gastric fundus to the left lat-
eral side of the esophagus with two 2-0 non- absorbable 
braided sutures, then two stitches from the most superior 
aspect of the anterior gastric fundus the right lateral side of 
the esophagus. Three additional stitches are then placed from 
the anterior aspect of the stomach to the superior aspect of 
the left crura, right crura and one in between (Fig.  12.18 ).
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        Postoperative Care 

 Patients are generally admitted to a regular floor bed. 
Narcotic utilization is kept to a minimum by use of long act-
ing local anesthesia at the port sites and NSAIDs. A tight 
protocol for prevention of postoperative Nausea and 
Vomiting (PONV) is implemented on all patients. Antiemetics 
are prescribed as needed during the first 24–48 h. Patients are 
started on a soft pureed diet on the morning of postoperative 
day 1 after consulting with a dietician to review appropriate 
food options. This is continued for about 2 weeks. Patients are 
usually discharged after 23–48 h.  

  Figure 12.17    Toupet fundoplication – Final aspect ( A  posterior lip 
of the fundoplication,  B  esophagus,  C  anterior lip of the fundoplica-
tion,  Arrow  points to a replaced or accessory left hepatic artery 
running in the gastrohepatic ligament)       
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    Perioperative Complications 

 A feared complication of laparoscopic Nissen fundoplica-
tion is esophageal or gastric perforation (0–2.2 %) [ 15 – 17 ], 
which may result either from traction applied with the 
Babcock clamp or a grasper to the esophagus or the stom-
ach (particularly when the stomach is pulled under the 
esophagus) or from inadvertent electrocautery burns dur-
ing any part of the dissection. A leak will manifest itself 
during the first 48 h. Peritoneal signs will be noted if the 
spillage is limited to the abdomen; shortness of breath and 
a pleural effusion will be noted if spillage also occurs in the 
chest. The site of the leak should always be confirmed by a 
contrast study with barium or a water-soluble contrast 
agent. Optimal management consists of laparotomy and 
direct repair. If a perforation is detected intra-operatively, 
it may be closed laparoscopically. 

  Figure 12.18    Dor fundoplication – Final aspect ( A  caudate lobe of 
the liver,  B  diaphragm,  C  anterior fundoplication)       
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 Other known complications in the immediate postopera-
tive period include pneumothorax (0–3.5 %) and Splenic 
and/or hepatic injury (0–2.2 %) [ 16 – 18 ]. 

 Almost every patient experiences some degree of dysphagia 
postoperatively. This problem usually resolves after 4–6 weeks, 
during which period patients receive pain medications in an elixir 
form and are maintained on a dedicated mechanical soft diet.  

    Magnetic Augmentation of the LES 

 In recent years a new tool has been added to the surgical arma-
mentarium for laparoscopic antireflux surgery: a magnetic ring 
that can be placed at the inferior border of the lower esopha-
geal sphincter to restore the sphincter’s  competency (LINX 
Reflux management system, Torax Medical, Shoreview, MN, 
USA) (Fig.  12.19 ). The device is designed for patients that do 
not have large diaphragmatic hiatal hernia defects or advanced 

  Figure 12.19    LINX device placed at gastroesophageal junction       
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mucosal injury such as BE or strictures. As with standard 
LARS, patients offered LINX should have well documented 
GERD by 24-h pH monitoring. It is recommended that patients 
should undergo an esophageal manometry and have docu-
mented normal esophageal body motility. The theoretical 
advantages of the LINX device over a standard fundoplications 
is that would be easier to perform and associate with fewer side 
effects; however high quality comparative studies with all fun-
doplications are still lacking.

   The device has been studied prospectively in a group of 100 
patients with chronic GERD [ 19 ] and results showed that expo-
sure to esophageal acid decreased, reflux symptoms improved, 
and use of proton-pump inhibitors decreased. Data on the 
device’s safety profile was recently reported for 1000 patients 
operated worldwide [ 20 ]. Intra and perioperative complications 
occurred in 0.1 % of the patients, with 5.6 % requiring endo-
scopic dilations, and 3.4 % requiring reoperations (all elective, 
non-urgent). Erosions occurred in one patient (0.1 %). While 
more long-term data is still needed; initial results with the LINX 
device are certainly promising for selected patients.  

    Final Considerations 

 LARS has proven to be a safe and effective treatment for 
chronic GERD in several reports in the short and long term 
as it pertains to symptoms control and quality of life [ 21 ,  22 ]. 
Critical elements to a successful procedure are appropriate 
patient selection and preoperative workup together with sur-
geon’s expertise.     
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    Abstract     Surgical management of paraesophageal hernias 
has changed dramatically during the past two decades. 
Elective laparoscopic paraesophageal hernia repair is now 
the standard approach to the patient with a symptomatic par-
aesophageal hernia. The operation is technically challenging 
and requires numerous intra-operative and  peri- operative 
considerations. Here, we will highlight the key points in the 
peri-operative and intra-operative management of para-
esophageal hernias, emphasizing the operative goals of 
reduction of the hernia contents, excision of the hernia sac, 
a tension free repair with complete esophageal mobilization, 
crural repair, and fundoplication.  
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        Indications 

 Immediate open repair of all paraesophageal hernias, 
 irrespective of symptoms, was standard practice for many 
years. This pre-emptive approach was based on the surgical 
dogma that paraesophageal hernias were at high risk for 
 life- threatening gastric volvulus and gastric necrosis [ 1 ]. 
However, this practice is no longer recommended, as it is 
now known that the annual risk of paraesophageal hernias 
progressing to life-threatening gastric volvulus and necro-
sis is low at approximately 1 % [ 2 ]. Therefore, these her-
nias can be managed on an elective basis when not 
incarcerated. 

 Patients with asymptomatic paraesophageal hernias 
identified incidentally can be offered watchful waiting as 
a  treatment option; though elective repair is an option in 
patients with appropriate performance status. Common 
presenting symptoms of paraesophageal hernias include 
early satiety, gastroesophageal reflux symptoms such as 
dysphagia, heartburn or regurgitation; epigastric discom-
fort, dyspnea, recurrent pneumonia (secondary to chronic 
reflux and aspiration), and anemia [ 3 ]. Anemia develops 
secondary to Cameron’s ulcers: linear gastric ulcers that 
form as a result of diaphragmatic compression of the 
stomach at the hiatus. Notably, this anemia reliably 
resolves following surgical treatment of paraesophageal 
hernias [ 4 ]. 

 Gastric volvulus with incarceration is a rare emergency in 
which the stomach can rotate on either the long axis 
 (organoaxial) or short axis (mesenteroaxial) and become 
ischemic [ 5 ]. An influential study by Drs. David Skinner and 
Ronald Belsey in 1967 reported that 29 % (6 of 21) patients 
with documented paraesophageal hernias and minimal symp-
toms died of gastric strangulation, perforation, or bleeding 
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[ 1 ]. However, subsequent studies have documented a much 
lower rate of lethal complications [ 2 ,  6 ], thus changing surgi-
cal practice to allow elective repair or watchful waiting of 
asymptomatic patients. Although uncommon, gastric volvulus 
with incarceration is typically seen in elderly patients and is a 
true emergency. Typical presenting symptoms include severe 
chest pain, vomiting, and epigastric distention [ 5 ]. If endo-
scopic decompression is unsuccessful patients should be 
taken to the operating room emergently for laparoscopic 
versus open reduction and repair. The urgency of an opera-
tion for paraesophageal hernia is a significant predictor of 
morbidity, especially with respect to pulmonary complica-
tions and mortality [ 7 ,  8 ].  

    Classification 

 There are four types of hiatal hernias (Fig.  13.1 ): sliding hiatal 
hernia (type I), and para-esophageal hernias types II, III and 
IV. Normally, the phreno-esophageal membrane is attached 
to the diaphragm and acts as an anchor, maintaining the gas-
troesophageal junction (GEJ), angle of His, and stomach in 
position (Fig.  13.1 , top left). Sliding hiatal hernias (type 1) are 
the most common (95 %) and occur when the GEJ and the 
proximal stomach move above diaphragm. Sliding hernias 
(Fig.  13.1 , top middle) and are repaired only when patients 
have surgery for recalcitrant gastroesophageal reflux disease 
[ 5 ]. Type II paraesophageal hernias (also referred to as “roll-
ing” or “true” paraesophageal hernias) occur when the gas-
tric fundus moves into the chest alongside a normally 
positioned GEJ (Fig.  13.1 , top right). Type III paraesophageal 
hernias are characterized by the herniation of both GEJ and 
the variable portion of the stomach to an intra-thoracic posi-
tion and account for the majority of the paraesophageal 
 hiatal hernias (Fig.  13.1 ,  bottom left) [ 5 ]. Most authors would 
call a hiatal hernia a Type III paraesophageal hernia when at 
least 50 % of the stomach is herniated into the chest. 
Finally, Type IV paraesophageal hernias are defined as the 
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herniation of other viscera such as colon, small bowel, or oth-
ers alongside a Type III paraesophageal hernia (Fig.  13.1 , 
bottom right).

       Preoperative Preparation 

 Pre-operative management varies according to patient pre-
sentation. For the symptomatic patient seeking surgical 
intervention, a thorough pre-operative evaluation is recom-
mended. Patients are generally older and often have signifi-
cant co- morbidities requiring cardiopulmonary evaluation. 
Patients should undergo a barium esophagram [ 9 ] in order 
to define the anatomy, assess for volvulus, and evaluate for 
esophageal shortening, esophageal bolus transport and gas-
tric emptying. Figure  13.2  shows a barium esophagram of a 
patient with a large type III para-esophageal hiatal hernia 
with all the stomach in the chest and with an organoaxial 

  Figure 13.1    Types of hiatal hernia (Illustration by Clinton 
T. Morgan, M.D.)       
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volvulus of the intrathoracic stomach. Upper endoscopy 
with biopsy is also routinely performed (preferably by the 
operating surgeon). Esophageal manometry can be 
attempted to assess  esophageal motility to guide the sur-
geon’s operative planning with regard to the type of fundo-
plication and rule out esophageal motility disorders. 
High-resolution computed tomography, although not 
required pre-operatively, can depict the anatomical abnor-
malities well (Fig.  13.3 ).

        Positioning and Anesthesia 

 All patients should undergo induction of general anesthesia 
with endotracheal intubation using techniques to prevent 
aspiration. The patient should be placed in either the supine 

  Figure 13.2    Barium esophagram showing large type III para- 
esophageal hiatal hernia with organoaxial volvulus of the intratho-
racic stomach       
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position or on a split-leg table. The arms are secured on pad-
ded arm boards at a 90° angle to the body’s axis. A footboard 
is placed and the patient secured to the bed in anticipation of 
a steep reverse Trendelenburg position during the case. An 
orogastric or nasogastric Levine tube can be placed as 
needed to decompress the stomach. Our preference is to 
introduce the Levine tube after the stomach is reduced and 
gastro-esophageal junction is under direct visualization. 
Sequential compression devices should be placed on the 
lower legs bilaterally and subcutaneous heparin can be 
administered for deep vein thrombosis prophylaxis. A foley 
catheter can be considered for close monitoring of urine 

  Figure 13.3    Computed tomography of the chest showing a paraesopha-
geal hernia. A large portion of the stomach  S  green outline, is noted high 
in the mediastinum, at the level of the heart  H  note the proximity of the 
posterior aspect of the hernia to the aorta ( A  red outline)       
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 output if the procedure is emergent or the patient has 
 multiple comorbidities. The skin of the abdomen should be 
widely prepped after hair has been clipped short using an 
atraumatic electric clipper [ 10 ]. A single dose of antibiotics 
should be administered within 1 h of incision [ 11 ], typically a 
second- generation cephalosporin.  

    Operative Approach 

 Paraesophageal hernias can be repaired using laparoscopic, 
open trans-abdominal, or trans-thoracic (via a left thoracot-
omy) approaches. The laparoscopic approach is currently pre-
ferred in most centers. The possible benefits of the trans- thoracic 
approach include direct visualization of the sac and hernia, 
complete mobilization of the esophagus to the aortic arch and 
the ease of a relaxing incision on the left hemidiaphragm [ 3 ,  9 ]. 
Disadvantages include the pain of a thoracotomy, higher risk 
of peri-operative complications and the extended length of 
hospital stay [ 3 ,  9 ]. Most centers in the U.S. favor the use of 
laparoscopic techniques as complication rates seem lower than 
open approaches and recurrence rates with laparoscopic tech-
niques seem similar to the ones obtained with the trans-tho-
racic and open abdominal approach [ 12 ,  13 ]. 

 The laparoscopic approach to repair of paraesophageal 
hernias was first described in 1992 and emphasized crural 
approximation and fundoplication [ 14 ]. Five steps are essen-
tial components of a laparoscopic repair of a paraesophageal 
hernia:

    1.    reduction of the hernia contents   
   2.    excision of the hernia sac,   
   3.    complete esophageal mobilization,   
   4.    crural repair, and   
   5.    fundoplication [ 9 ,  14 ].    

  One of the most important aspects of successful paraesopha-
geal hernia repair is to create a tension-free repair. Axial ten-
sion can be addressed with mediastinal esophageal mobilization 
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in most cases. Occasionally, a Collis gastroplasty may be 
 necessary. Lateral tension, due to a large diaphragmatic defect, 
is usually addressed by using appropriate technique for crural 
closure or an absorbable synthetic or biologic mesh. However, 
in selected cases relaxing incisions with or without absorbable 
mesh placement may be beneficial [ 9 ,  12 ,  15 ]. Only absorbable 
synthetic or biologic mesh should be used at the hiatus. Non-
absorbable meshes should be avoided as they have potential to 
erode into the esophagus. However, even the use of absorbable 
synthetic or biologic mesh is controversial since its efficacy in 
long-term objective recurrence has not been demonstrated [ 12 ]. 
Reduction of early recurrences with biologic mesh placement, 
however, may be one advantage over primary repair [ 16 ]. 

 Laparoscopic repair is associated with less blood loss, fewer 
intraoperative complications, faster diet advancement, and 
shorter hospital stays [ 3 ,  17 ]. Unfortunately, the radiographic 
recurrence rate is still quite high, ranging from 23 to 50 % in 
selected series [ 15 ,  17 – 20 ]. However most radiographic recur-
rence are small recurrences of a small portion of the proximal 
stomach and the vast majority are asymptomatic, thus of little 
clinical significance and needing no treatment [ 18 ,  20 ]. 

 Laparoscopic port sites are positioned in a configuration 
similar to that of a standard Nissen fundoplication. An addi-
tional 5 mm port in the left lower quadrant may be beneficial 
to assist with retraction and dissection. After inspection of 
the abdominal contents, the left lobe of the liver is retracted 
cephalad with a self-retaining laparoscopic retractor, expos-
ing the hiatal defect and hernia (Fig.  13.4 ).

       Description of the Laparoscopic Procedure 

    Reduction of Hernia Contents and Esophageal 
Hiatus Dissection 

 It is our preference to start the dissection at the gastrohepatic 
ligament, which is bluntly grasped and divided with the 
 harmonic scalpel (Fig.  13.5 ). Care should be taken to identify 
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and, if present, preserve a replaced left hepatic artery arising 
from the left gastric artery and traversing the gastrohepatic 
ligament. Next, the phrenoesophageal ligament is identified 
at the right crus. The ligament is grasped with an atraumatic 
grasper and pulled caudally. It is then divided with the 
 harmonic scalpel, exposing an avascular plane while deliver-
ing the hiatal hernia sac medially (Fig.  13.6 ). Blunt dissection 
allows development of this avascular plane, which is extended 
cephalad into the thoracic cavity (Figs.  13.7  and  13.8 ). 
The dissection is then extended circumferentially in a clock-
wise fashion to the left crus. Then, the peritoneal coverage of 
the right crus is opened and the avascular plane dissected to 
release the hernia sac in that location (Figs.  13.9 ,  13.10  and 
 13.11 ). Care is taken to identify and avoid entry into the 
pleura both the right and left side. Figure  13.12  shows 
the  dissection to the base of the right crus and in proximity to 

  Figure 13.4    Reducing the stomach into the abdomen ( A  right crus, 
 B  preno-esophageal membrane,  C  stomach)       
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the left gastric vessels. Dissection on the left side is facilitated 
by reduction of the gastric fundus (Fig.  13.13 ), opening the 
gastro- colic ligament, entering the lesser sac, and dividing the 
short gastric vessels (Figs.  13.14 ,  13.15 ,  13.16 ,  13.17 , and 
 13.18 ). Some surgeons prefer to start the operation by identi-
fying the left crus (as opposed to the right crus as described 
above) and then move to the right side. For this portion of the 
operation, we employ the harmonic scalpel. Clips should be 
placed on the larger and more proximal short gastric vessels 
(Fig.  13.17 ). Division of the short gastric vessels and 

  Figure 13.5    Division of the gastrohepatic ligament ( A  right crus,  B  
gastrohepatic ligament,  C  stomach)       

  Figure 13.7    Dissection of the anterior aspect of the hernia sac 
( A  hernia sac  B  gastric fundus  C  left crus)       
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  Figure 13.6    Division of the phrenoesophageal membrane 
( A  phrenoesophageal membrane,  B  hernia sac,  C  stomach)       
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  Figure 13.8    Opening the hernia sac laterally ( A  areolar tissue 
inside hernia sac,  B  gastric fundus,  C  gastrosplenic ligament)       
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 mobilization of the stomach aids in complete circumferential 
dissection of the hernia sac (Figs.  13.19  and  13.20 ) and will 
facilitate the creation of a proper fundoplication, which is 
performed later in the operation.

                      Excision of the Hernia Sac 

 Once the stomach is reduced and the hernia sac has been 
opened circumferentially around the crura, the hernia sac dis-
section is extended further into the mediastinum (Fig.  13.20 ). 
Much of this dissection can be accomplished by blunt 

  Figure 13.10    Dissecting the avascular space in between right crus 
and the hernia sac ( A  avascular space,  B  right crus)       

  Figure 13.9    Incising the peritoneal coverage of the right crus 
( A  right crus,  B  entering the avascular space to access the hernia sac)       
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  Figure 13.11    Dissecting the avascular space in between right crus 
and the hernia sac ( A  avascular space,  B  right crus)       
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 dissection in the avascular plane. We frequently employ 
rolled 4 x 4” gauze to aid blunt dissection. Critically, the right 
and left pleura, inferior vena cava, and aorta must be identi-
fied early and protected during the procedure. Complete dis-
section of the hernia sac is an essential component of the 
operation [ 21 ]. Dissection of the hernia sac proceeds by 
alternating between the left anterior and right anterior tho-
racic cavity until the sac has been circumferentially released 
from its intrathoracic attachments. Placement of a Penrose 
around the esophagus near the GEJ facilitates alternating the 
direction of retraction during this dissection. Once the hernia 

  Figure 13.13    Exposure of gastroesplenic ligament for dissection 
( A  stomach,  B  left crus,  C  spleen)       

  Figure 13.12    Left gastric vessels ( C ) at the base of the hernia sac 
dissection ( A  right crus,  B  hernia sac)       
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  Figure 13.14    Division of the short gastric vessels (SGV) for mobili-
zation of the gastric fundus ( A  SGV,  B  left crus,  C  spleen)       
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sac is dissected off all intra-thoracic attachments it can be 
retracted into the abdomen and excised (Fig.  13.21 ). Care is 
taken to identify and preserve the anterior and posterior 
Vagus nerves during the dissection and excision of the sac. 
The excision of the sac maybe omitted if the presence of the 
sac would not interfere with the fundoplication. It is our pref-
erence to excise the hernia sac as it allows for a clearer iden-
tification of the gastroesophageal junction and the distal 
esophagus.

  Figure 13.16    Division of the short gastric vessels and mobilization 
of the stomach up to the angle of his ( A  stomach,  B  angle of his, 
 C  spleen,  D  left crus)       

  Figure 13.15    Division of the short gastric vessels and mobilization 
of the stomach ( A  stomach,  B  SGV)       
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       Crural Repair 

 Once the hernia sac has been excised, we turn our attention 
to repair of the hiatal defect. The right crus and left crus are 
approximated with sutures (Fig.  13.22 ). It is our preference to 
use interrupted zero braided polyester sutures in a figure of 
eight configuration. The number of sutures place will vary 
according to the size of the defect. The goal is to close the 
diaphragmatic defect while allowing only a 1–2 cm space in 
between the esophagus and the crural closure. If there is 
excessive lateral tension on the crural approximation, reduc-
ing CO 2  insufflation from 15 mmHg to 10 or 12 mmHg may 
assist in allowing closure without tension.

  Figure 13.17    Applying a clip on a more posterior and superior 
short gastric vessel ( A  stomach,  B  SGV,  C  spleen,  D  left crus)       
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a

b

  Figure 13.18    Completed SGV and stomach greater curvature 
mobilization ( A  stomach,  B  SGV,  C  spleen,  D  left crus)       
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  Figure 13.19    Left lateral and inferior dissection of the hernia sac 
( A  aorta,  B  left crus)       
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       Absorbable Synthetic and Biological Mesh 
Placement 

 The use of mesh to reinforce the crural closure during repair 
large hiatal hernia has been used in an attempt to reduce the 
relatively high recurrence rates observed after the repair of 
these hernias [ 22 ]. Radiologic, objective recurrence rates 
(re- herniation >than 2 cm) have been reported to occur in 
approximately 40–60 % of patients after laparoscopic repair 
of paraesophageal hernia [ 20 ,  23 ], however, most patients 
with noted recurrences report no return of symptoms. Studies 

  Figure 13.21    Excision of the hernia sac ( A  GE junction,  B  hernia sac, 
 C  stomach)       

  Figure 13.20    Final aspect of dissection and retroesophageal win-
dow ( A ,  B  right crus,  C  aorta  D  left crus  E  esophagus  F  stomach)       
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  Figure 13.22    ( a ,  b ,  c ,  d ) Closure of the crura ( A  right crus,  B  aorta, 
 C  left crus,  D  esophagus,  E  stomach,  F  suturing device,  G  suture)         

a

b
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c

d

Figure 13.22 (continued)
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report long-term relief of symptoms in 75–87 % of patients 
and a 61–91 % satisfaction rate with the result of the proce-
dure [ 16 ,  22 – 24 ]. The only randomized controlled trial com-
paring the use of biologic mesh to no mesh with both 6 month 
and 2 year results suggest that the objective success rate 
seems to be improved with mesh over non-mesh repair in the 
short term [ 16 ,  25 ]. However, appropriate long-term follow-
 up is lacking and objective recurrence tends to increase over 
time [ 22 ,  24 ,  25 ]. Notably, the complications from non- 
absorbable mesh usage can be severe, including esophageal 
erosion (0.2 %) and extensive hiatal fibrosis (0.5 %) [ 3 ,  22 , 
 26 ]. For these reasons, absorbable mesh is advised [ 16 ,  24 ]. 
Despite radiographic evidence of recurrence after a large 
hiatal hernia repair, most patients report enduring and dra-
matic symptomatic improvement [ 24 ,  25 ]. 

 Despite the lack of level I evidence that the use of mesh 
reduces recurrence rates, newer biological and absorbable 
synthetic products that are less expensive are commonly used 
in practice. We place a U-shaped absorbable mesh around the 
esophagus at the level of the hiatus. The mesh onlay is placed 
posteriorly, with the esophagus cupped by the U and the 
approximated hiatus covered (Fig.  13.23 ). The mesh may be 
secured in place with fibrin glue or sutures.

       Fundoplication 

 A gastric fundoplication around the distal esophagus is rec-
ommended after the closure of the hiatal defect to prevent 
de-novo or recurrent GERD symptoms after surgery. Some 
types of fundoplication also assist in securing the gastric fun-
dus to the esophagus and diaphragm. The choice of a poste-
rior complete (360° Nissen), posterior partial (270° Toupet), 
or anterior partial (180° Dor) fundoplication is based on 
individual patient characteristics and surgeon preferences. In 
the US, the most commonly used fundoplication is the poste-
rior complete 360° Nissen fundoplication. However, many 
centers in Europe and also in North America favor the 
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Toupet or Dor fundoplications, as they have been associated 
with lower rates of post-operative side effect such as gas 
bloat, dysphagia, and need for additional interventions in 
recent randomized controlled trials [ 27 – 29 ]. 

 We favor a partial fundoplication as most of these patients 
have reflux as the main presenting symptom, and most have 
inherent esophageal motility dysfunction related to advanced 
age or the chronic nature of the partial obstruction caused by 
the paraesophageal herniation. A completed anterior 180° 
Dor fundoplication is shown in Fig  13.24 . The technical steps 
for the creation of the Nissen, Toupet and Dor fundoplica-
tions can be found in the “Laparoscopic Antireflux Surgery” 
chapter of this book.

   Occasionally, a “short esophagus” may be encountered 
and such a condition is diagnosed when less than 2.5 cm of 
intra-abdominal esophageal length is attainable. In these 

  Figure 13.23    Absorbable synthetic Mesh ( A  covering the crural 
repair,  B  esophagus)       
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cases, a Collis gastroplasty may be performed in conjunction 
with a fundoplication [ 3 ,  30 – 32 ]. Finally, the addition of a 
wedge fundectomy to Collis gastroplasty should be consid-
ered when a short esophagus is encountered as this proce-
dure has recently been shown to have a lower prevalence of 
post-operative dysphagia and esophagitis [ 33 ].   

    Post-operative Care and Complications 

 Due to extensive mediastinal dissection, subcutaneous 
emphysema is commonly observed. This is rarely of clinical 
significance as long as the anesthesiologist has been attentive 
to the patient’s PCO 2  during the procedure. Another rela-
tively common intra-operative complication is a pleural tear. 
This is usually managed by communication with the anesthe-
siologist and altering the ventilation mode without the need 

  Figure 13.24    Final aspect of a Dor fundoplication ( A  diaphragm, 
 B  fundoplication,  C  caudate lobe of the liver)       

 

C.T. Morgan et al.



179

for any intervention. Other peri-operative complications 
include atrial fibrillation, bleeding, deep venous thrombosis, 
and pneumonia, among others. Most patients can begin with 
a clear liquid meal within the first 24 h of the operation. 
Patients rapidly advance to a pureed or soft diet and remain 
on this diet for about 2 weeks. Most patients can be dis-
charged on post-operative day number 1 or 2.  

    Summary 

 Elective repair is recommended for patients with symptom-
atic para-esophageal hiatal hernia that are not acutely incar-
cerated and laparoscopic repair is the standard of care. We 
describe the operative approach to achieve the critical goals 
of paraesophageal hernia repair:

    1.    reduction of the hernia contents   
   2.    excision of the hernia sac,   
   3.    complete esophageal mobilization,   
   4.    crural repair, and   
   5.    fundoplication         
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    Abstract     Achalasia is a rare neurodegenerative disease 
of the esophagus and the lower esophageal sphincter char-
acterized by the inability of the lower esophageal sphinc-
ter to relax and by failure of esophageal body peristalsis, 
most commonly resulting in dysphagia. Current treatment 
options are directed at palliation of symptoms. Therapies 
include  pharmacological, endoscopic and surgical therapy. 
Endoscopic dilation was the first line of therapy until the 
introduction of minimally invasive surgical techniques in 
the early 1990s that paved the way for the introduction of 
laparoscopic myotomy. Laparoscopic Heller myotomy with 
partial fundoplication performed at an experienced center 
is currently the first line of therapy because it offers a low 
complication rate, the most durable symptom relief, and the 
lowest incidence of postoperative gastro-esophageal reflux.  
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        Introduction 

 Achalasia is a rare neurodegenerative esophageal disease 
that primarily involves the myoenteric plexus of the esopha-
gus, lower esophageal sphincter (LES), the vagal trunks and 
the dorsal vagal nucleus without associated synchronous 
systemic manifestations [ 1 – 3 ]. The expected annual incidence 
of achalasia is 1 to 3 per 100.000 persons in the Western world 
[ 4 ]. Most commonly it occurs between the ages of 20 to 40 
years although this disease has been reported from infancy 
through the ninth decade of life. Achalasia seems to affect all 
races and both genders equally [ 5 ]. Although the etiology is 
unclear, Achalasia is the best described primary esophageal 
motility disorder and has clear clinical, manometric, radio-
logic, and pathologic correlates [ 6 – 9 ]. Achalasia is character-
ized by the inability of the LES to relax in response to 
swallowing and by absent peristaltic contractions in the 
esophageal body, leading to dysphagia and other associated 
symptoms. 

 The goal of therapy is to promote relief of dysphagia while 
preventing gastro-esophageal reflux (GER). This can be 
accomplished by reducing both the resting and swallow- 
induced residual pressures of the LES, but there is no specific 
therapy for managing the underlying disease process because 
the pathogenesis for the impaired esophageal peristalsis and 
LES relaxation is still unknown. None of the treatment 
options currently available reestablish normal muscle activity 
of the esophageal body and LES. Instead, all relieve the func-
tional obstruction caused by the failure of LES to relax upon 
deglutition. 

 Because achalasia is rare and the spectrum of disease 
severity is wide, few randomized controlled clinical trials 
have properly delineated the best treatment strategy. The 
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safety, effectiveness, and durability of current treatment 
options, including pharmacologic, endoscopic, and surgical 
therapy, varied widely. Until the late 1980s, endoscopic dila-
tion was considered first-line therapy but after minimally 
invasive surgical techniques were introduced toward the end 
of the last century, expert opinion shifted [ 10 ,  11 ]. Currently, 
most experts agree that first-line therapy should be laparo-
scopic myotomy with partial fundoplication, performed by an 
experienced surgeon, and that endoscopic methods should be 
reserved as an alternative to surgery for patients who are 
poor surgical candidates, refuse an operation, and possibly 
patients for whom surgery fails [ 12 – 19 ].  

    Evaluation and Diagnosis of Achalasia 

 The evaluation of every patient with foregut complaints 
starts in the office with a complete and detailed history and 
physical examination. The definition and classification of the 
type, duration and severity of symptoms are essential in 
determining which diagnostic tests to order. The sum of the 
objective findings obtained with endoscopic, radiologic and 
physiologic testing will ultimately establish a best diagnosis 
and then guide therapy. 

    Symptoms of Achalasia 

 Patients with achalasia present to the gastroenterologist within 
a spectrum of disease severity related to the progressive patho-
logical changes affecting the esophagus, such as grades of 
esophageal dilation, and associated conditions, such as esopha-
geal diverticulum. The most common presenting symptom of 
achalasia is dysphagia, which can often become so debilitating 
that profound weight loss occurs. However, the primary symp-
tom of achalasia in up to 40 % of patients may be regurgitation 
of undigested food, unexplained chest pain, “heartburn” mim-
icking reflux, cough, or recurrent pneumonia. 
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  The standard current workup  of a patient suspected of hav-
ing esophageal achalasia consists of upper endoscopy, barium 
esophagram and esophageal manometry [ 20 ].

    1.    Upper endoscopy: Endoscopy can provide insight into the 
extent and the severity of the disease. It has to be per-
formed in all patients with suspected achalasia to rule out 
secondary achalasia or pseudoachalasia (strictures, tumors, 
neurological disorders, among others). In up to 44 % of 
cases endoscopy may be normal [ 3 ]. 

 The endoscopist should always provide information on 
the condition of the esophageal mucosa, presence of 
mechanical lesions, appearance and location of the 
squamo-columnar junction, the location of the crural 
impression upon gastroesophageal junction (GEJ) and 
presence and size of a hiatal hernia. Endoscopy also allows 
direct sampling of abnormal tissue from the esophagus, 
GEJ and gastric epithelium.   

   2.    Barium esophagram: The combination of peristaltic failure 
and non-relaxation of the sphincter causes a functional sta-
sis of ingested material in the esophagus, resulting in dilata-
tion of the atonic esophageal body. Roentgenographic 
studies will reveal a dilated esophagus with a tapering, beak-
like narrowing of the distal end (classic “bird’s beak” defor-
mity (Fig.  14.1 ). There is usually an air fl uid level in the 
esophagus that refl ects the degree of resistance imposed by 
the non-relaxing sphincter and build up of residual food and 
fl uid above the LES. Transit of barium through the LES is 
slow. As the disease progresses, the esophagus may become 
massively dilated and subsequently tortuous (megaesopha-
gus or a sigmoid esophagus). In patients with advanced dis-
ease the roentgenographic study can show a corkscrew 
deformity of the esophagus and diverticulum formation.

       3.    Esophageal manometry: Esophageal manometry is the 
best method to characterize the motility of the upper 
esophageal sphincter, esophageal body and the LES, and is 
currently considered the gold standard method for the 
diagnosis of achalasia. Nowadays, esophageal manometry 
catheters have been equipped with high resolution  capacity 
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and impedance sensors to further correlate esophageal 
motor function with the bolus clearance capacity. The 
 classic motility pattern includes two requirements: the loss 

  Figure 14.1    Barium Swallow Study in a patient with achalasia 
showing a mildly dilated esophagus and the classic “bird’s beak” 
deformity at the gastro-esophageal junction       
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of progressive peristalsis in the body of the esophagus, and 
failure of complete LES relaxation in response to degluti-
tion [ 20 ]. As peristalsis is absent, the contractions recorded 
at different esophageal levels are simultaneous and usually 
of low amplitude (Fig.  14.2 ). Other features that can be 
seen include elevation of intraluminal esophageal pressure 
and hypertension of the LES (50 % of the patients) [ 21 ]. A 
subgroup of patients with otherwise typical features con-
sistent with classic achalasia show higher amplitude, active 
simultaneous contractions of their esophageal body; this 
manometric pattern has been termed vigorous achalasia 
[ 22 ] and may be manifested as frequently atypical chest 
pain episodes as by progressive dysphagia.

            Treatment of Achalasia 

 Different treatment options for achalasia are available. 
Several factors should be taken into consideration when 
determining the appropriate therapy including patient’s age, 
overall medical condition and the patient’s expectations for 
symptom relief. Treatment options consist of pharmacologic 
therapy, endoscopic therapy, and surgical therapy. 

    Pharmacologic Therapy 

 The goal of pharmacological therapy is to lower the resting 
LES pressure. Because drug absorption can be impaired due to 
the poor esophageal emptying, sublingual medications are 
preferred. Sublingual calcium channel blockers (nifedipine) 

  Figure 14.2    High resolution manometry ( a ,  c ) with impedance mea-
surement ( b ,  d ) in a patient with normal esophageal peristalsis and 
LES relaxation ( a ,  b ) and in a patient with achalasia ( c ,  d ). ( a ) Shows 
a normal peristalsis and LES. ( b ) Shows appropriate clearance of 
the swallowed bolus. ( c ) Shows absent peristalsis at swallow with no 
LES relaxation. ( d ) Shows no clearance of the swallowed bolus         
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Figure 14.2 (continued)
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and sublingual isorbide dinitrates (nitrates) are the two most 
common medications used [ 23 ,  24 ]. Less commonly used medi-
cations include anticholinergics, beta-blockers,  beta- adrenergic 
agonists, nitroglycerine, and theophylline [ 25 – 28 ]. 

 Improvement of symptoms is reported in 61 % of patients 
after use of nifedipine and 70 % of patients after use of 
nitrates [ 11 ]. Manometry showed a transient decrease in LES 
pressure in 46 % of patients, which was better after nitrate 
use than after nifedipine use. The time to maximum effect 
was better after nitrates than after nifedipine (25 vs 9 min), 
but the duration of effect was longer for nifedipine (40 vs 
30 min). The short clinical response and common presence of 
side effects such as headache, dizziness, tachycardia, hypoten-
sion, nausea, and ankle edema were limiting problems with 
pharmacological therapy. It should be considered only for 
patients who decline or are considered too frail for endo-
scopic or surgical treatment options.  

    Endoscopic Therapy 

 Endoscopic treatments are directed at relieving the obstruc-
tion caused by the LES. Standard endoscopic techniques 
include endoscopic botulinum toxin injection (EBTI) and 
endoscopic dilation (ED) of the LES. Recently, a novel totally 
endoscopic esophagomyotomy technique (peroral endoscopic 
myotomy, POEM) has been introduced in which the endo-
scope is advanced into an esophageal submucosa tunnel to 
then divide the inner circular layers of the LES. Currently, no 
high quality evidence and enough follow up data exist to rec-
ommend POEM as a standard therapeutic option for 
Achalasia, but there are ongoing clinical research trials [ 29 ]. 

    Endoscopic Botulinum Toxin Injection (EBTI) 

 EBTI decreases tonic and swallow-induced LES pressure by 
inhibiting acetylcholine release from the inhibitory choliner-
gic presynaptic nerve innervating the LES [ 30 ]. EBTI relieves 
symptoms in 79 % of patients surveyed up to 1 month after 
treatment, but the symptom relief declines to 70 % at 3 
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months, 53 % at 6 months, and 41 % after 12 months [ 1 ]. 
Therefore, almost half (47 %) of the patients undergoing 
EBTI required repeat injection [ 1 ]. Relief of dysphagia was 
found to be better if a second injection was planned at a 
1-month interval after the first, but again, symptoms returned 
in 66 % of patients at 2 years [ 31 ]. Primary failure of EBTI 
can also be due to antibody formation that causes resistance 
to the acetylcholine injection in 26 % of patients [ 32 – 34 ]. In 
addition EBTI leads to fibrosis of the mucosa and muscle 
layers that could make a myotomy, during a future surgical 
therapy, more challenging [ 35 ,  36 ].  

    Endoscopic Dilation (ED) 

 ED attempts to produce a controlled division of the esopha-
geal muscle while leaving the mucosa intact. The current 
method of choice for dilation is a controlled pneumatic dila-
tion [ 11 ]. A balloon is placed across the LES under direct 
endoscopic or fluoroscopic visualization. The balloon is inflated 
for 1–3 min, to a pressure of 300 mmHg (10– 12 psi). To obtain 
an acceptable therapeutic effect, dilation to a diameter of at 
least 3.0 up to 4.0 cm must be performed; with the 3.0 cm size 
being preferred as it has a lower perforation rate [ 37 ]. 
Symptom relief seems to dependent on dilator size, the amount 
of pressure applied and duration of dilation. ED is a relatively 
safe procedure and the most serious complication of the cur-
rently used methods of ED is perforation of the esophagus, 
which was seen in 1.6 % of patients in a review of 1,065 
patients [ 1 ]. A systematic review and meta-analysis showed 
that symptom relief after ED was obtained in 85 % of patients 
at 1 month and declined with time to 68 % at 12 months and 
58 % at 1.5 years [ 1 ]. The need for further procedures after ED 
was 25 % in this review. In addition to dysphagia recurrence, 
patients undergoing ED can experience the onset of GER [ 11 ]. 

 In summary, ED is consistently more durable than EBTI, 
but after ED, symptoms recur in 42 % of patients over the 
time and about 30 % of all of the patients treated with ED 
require further therapy. In a multicenter randomized 
 controlled study [ 37 ] clinical outcomes 1 and 2 years after ED 
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were comparable to laparoscopic Heller myotomy with Dor 
fundoplication. However, patients with ED needed 2 initial 
dilations with an interval of 1–3 weeks. During the 2 years 
follow up 4 % did not had a clinical response to initial dila-
tion and additional 27 % had recurrent symptoms with the 
need for further dilations. Twenty-nine % of the patients with 
repeated dilations needed an operation. Prior to any surgical 
intervention, knowledge of the patient’s history of previous 
endoscopic therapies at the GEJ is important to the surgeon 
because some experts propose that ED and EBTI lead to 
fibrosis of the mucosa and muscular layers of the esophagus. 
Less predictable symptom relief has been reported in patients 
who have been previously treated with endoscopic therapy 
[ 36 ,  38 ], which could be due to the greater technical difficulty 
of doing the operation in these patients.  

    Peroral Endoscopic Myotomy (POEM) 

 With this new endoscopic technique (that requires general 
anesthesia), an esophageal submucosal tunnel through a small 
opening of the mucosa about 13 cm proximal to the GEJ is 
created to access the LES and perform a myotomy of the 
inner circular esophageal muscle LES fibres [ 29 ,  39 ,  40 ]. 
Published studies showed good short-term results after POEM 
with dysphagia remission > 80 % at 12 months [ 39 ,  41 ,  42 ]. 
However long-term follow up results are still lacking. 
Furthermore, results from randomized-controlled trials com-
paring POEM with other endoscopic techniques or laparo-
scopic myotomy are not available until now. One major 
problem after POEM seems to be GER, which has been 
reported to be up to 46 % [ 43 ], because an antireflux proce-
dure cannot be performed simultaneously [ 29 ].   

    Surgical Therapy 

 The first successful surgical myotomy of the lower esophagus 
and LES was reported in 1913, by the German surgeon Ernest 
Heller [ 44 ]. His original technique used anterior and posterior 
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myotomies extending for 8 cm or more along the distal esoph-
agus and GEJ through a left thoracoabdominal approach. In 
1918, the Dutch surgeon Zaaijer [ 45 ] described a modification 
of Heller’s original technique to a single, anterior cardiomy-
otomy that has remained the myotomy of choice until now. 
Both the transabdominal and transthoracic approach have 
been used to perform a myotomy since. During the end of the 
last century there was shift from open surgery in the chest and 
abdomen towards thoracoscopic and laparoscopic surgery. 
The first laparoscopic Heller myotomy was described by 
Shimi et al. in 1991 [ 46 ]. Thoracoscopic myotomy is more tech-
nically challenging and associated with a lower symptom relief 
but a higher incidence of postoperative GER, making the 
laparoscopic operation the preferred approach performed at 
most experienced centers [ 1 ,  11 ]. Laparoscopic myotomy of 
the LES has proven over the time to be the approach that 
consistently produces the most durable symptom relief [ 1 ,  47 ]. 

 Some authors have debated the need to perform an antire-
flux procedure (ARP) after the myotomy [ 48 – 50 ]. A 2009 sys-
tematic review and meta-analysis [ 1 ] evaluated the development 
of postoperative GER and found that adding an ARP after 
laparoscopic myotomy dramatically decreased the incidence of 
GER symptoms from 31 % down to 9 % (OR 4.3; 95 % CI 
1.9–9.7; P = 0.001) without altering the resolution of dysphagia 
(90 % vs 90 %; OR 1.6; 95 % CI 0.74–3.3; P = 0.23). When mea-
sured by 24-h pH monitoring, the incidence of GER after lapa-
roscopic myotomy without fundoplication was 42 % vs 15 % 
after laparoscopic myotomy with fundoplication (OR 4.2; 95 % 
CI 1.5–12.8; P = 0.01). The addition of an ARP seems crucial for 
satisfactory outcome in the treatment of achalasia, and the addi-
tion of a fundoplication does not increase morbidity [ 11 ,  51 ]. 

    Laparoscopic Heller Myotomy 

   Positioning of the patient and Anesthesia 

 After general anesthesia is induced, the patient is positioned in 
modified lithotomy and the operating table in reverse 
Trendelenburg. The patient should be secured to the operating 
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table and all extremities should be padded. The surgeon stands 
in between the legs of the patient, the first assistant stands on 
the left side of the patient, and a static retractor (or a second 
assistant) holds the camera on the right side of the table. In 
addition to the standard laparoscopic equipment, we also sug-
gest using two graspers with soft grab, scissors, hook cautery, a 
needle holder, a babcock clamp, a 30° scope, and a 5-mm ultra-
sonic Harmonic scalpel (Ethicon Endosurgery, Cincinnati OH).  

   Port Placement 

 The operation begins with trocar placement similar to that for 
any laparoscopic operation taking place at the GEJ [ 47 ]. 
Pneumoperitoneum is established to 12 mmHg. Five laparo-
scopic ports are utilized (three 5 mm and two 10–12 mm). The 
camera is placed above the umbilicus, one third of the distance 
to the xiphoid process. In most patients, placement of the cam-
era in the umbilicus will not allow adequate visualization of the 
hiatal structures once dissected. Two lateral retracting ports are 
placed in the right and left anterior axillary lines respectively. 
The port utilized for the liver retractor can be placed at the 
surgeon’s preference in the sub-xiphoid location or in the right 
mid abdomen (mid-clavicular line), at or slightly below the 
camera port. A second retraction port is placed at the level of 
the umbilicus, in the left anterior axillary line. The surgeons 
right and left handed trocars are placed in the right and left 
midclavicular lines, 2–3 inches below the costal margin. Placing 
the operating trocars on either side of the midline allows trian-
gulation between the camera and the two instruments, avoid-
ing the difficulty associated with the instruments being in 
direct line with the camera. The falciform ligament hangs low 
in many patients and provides a barrier around which the left-
handed instrument must be manipulated.  

   Initial Exposure and Dissection 

 Initial retraction is accomplished with exposure of the esoph-
ageal hiatus. A 5 or 10 mm retractor is placed into the 
 sub- xiphoid or right anterior axillary port, and positioned to 
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hold the left lateral segments of the liver towards the anterior 
abdominal wall. Trauma to the liver should be meticulously 
avoided, because subsequent bleeding will obscure the field. 
Mobilization of the left lateral segments by division of the 
triangular ligament is not necessary. A Babcock clamp is 
placed into the left anterior axillary port and the stomach 
retracted toward the patients left foot. This maneuver exposes 
the esophageal hiatus. An atraumatic clamp should be used, 
and care taken not to grasp the stomach too vigorously, as 
gastric perforations can occur. Dissection is typically per-
formed with electrocautery or an ultrasonic dissector. The 
gastrohepatic ligament is incised to identify and expose the 
right pillar of the crus. If a replaced left hepatic artery is 
encountered, it should be preserved. To plan for the extent of 
the myotomy, the phrenoesophageal membrane is divided 
and blunt dissection is used to expose the anterior aspect of 
the abdominal esophagus and the distal portion of the intra-
thoracic esophagus. This dissection is started by incising just 
medial to the right crus and dissecting clockwise in a usually 
avascular plane in between the diaphragm and the esophagus. 
The anterior vagus nerve should be identified and protected, 
when possible, to allow the planned myotomy to be per-
formed underneath it (Fig.  14.3 ).

   Most specialized centers in the United States choose to 
add a partial fundoplication after the esophageal myotomy is 
completed to prevent postoperative GER. Technical details 
of the construction of an anterior or posterior fundoplication 
(antireflux procedures) are described below. We routinely 
perform an anterior (Dor) fundoplication; however, some 
authors advocate a posterior (Toupet) fundoplication [ 6 ,  52 , 
 53 ]. Anterior fundoplication does not require circumferential 
esophageal dissection thus allowing for a more limited dissec-
tion that leaves the natural adhesions between the posterior 
esophagus and the hiatus intact, which provides an anchor to 
help keep the GEJ in the proper anatomic location. If a pos-
terior fundoplication is chosen, the posterior surface of the 
esophagus and esophageal hiatus must be dissected. In a rare 
case where a large concomitant hiatal hernia is identified a 
posterior dissection has to be performed always, so that the 
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hernia can be reduced into the abdominal cavity and the 
crura can be repaired properly. 

 Mediastinal mobilization of the esophagus should con-
tinue until approximately 6 cm of anterior esophagus is acces-
sible for the myotomy. The anterior fat pad covering the GEJ 
may be removed to facilitate the myotomy and to better 
identify the GEJ.  

   Heller Myotomy 

 After exposure of the distal esophagus and the GEJ, a myot-
omy is performed to extend proximally for 6 cm above the 
GEJ onto the esophagus and distally across the gastroesoph-
ageal junction for 3 cm onto the stomach, making the total 

  Figure 14.3    Dissection of the phrenoesophageal membrane and the 
right and left pillar of the crus to expose the anterior aspect of the 
abdominal esophagus and the distal portion of the intrathoracic 
esophagus. The anterior vagus nerve ( arrow ) should be identified 
and preserved. Two graspers are used to start the myotomy just 
above the GEJ (Reprinted with permission from Roll et al. [ 11 ])       
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length of the myotomy about 9 cm. A 48 or 52 French bougie 
may be placed through the patient’s mouth and through the 
GEJ into the stomach to help identify the dissection plane 
and provide tactile feedback during the dissection. The myot-
omy is started by separating the external longitudinal esoph-
ageal muscle fibers on the anterior distal esophagus above 
the GEJ (Fig.  14.3 ). This may be done with scissors, a hook, or 
by tearing the fibers apart using two graspers. There may be 
bleeding from small vessels, but this is easily controlled with 
gentle pressure. Excessive use of electrocautery to control 
bleeding must be avoided at all times, especially if the dissec-
tion has traversed the esophageal circular muscle fibers or 
adhesions and scarring from previous endoscopic treatment 
are present. The transection of the circular esophageal muscle 
fibers and the identification of the blood vessels of the sub-
mucosa lead to the recognition of the correct dissection 
plane. Extension of the myotomy from the GEJ onto 3 cm of 
the proximal anterior stomach to perform a complete myot-
omy is essential to obtain a successful outcome (Fig.  14.4 ). A 
gastric extension that is too short is one important cause of 
failure of the myotomy to relieve dysphagia. However, most 
mucosal perforations occur during the extension of the 
myotomy from the GEJ onto the stomach, because the iden-
tification and separation of the muscle layers from the gastric 
mucosa is more difficult, where the muscularis becomes thin-
ner and more firmly attached to the submucosa. The surgeon 
should inspect the myotomy area to identify inadvertent 
mucosal perforations. If a mucosal perforation is detected it 
must be closed with absorbable interrupted sutures. After 
completion of the myotomy, a diagnostic upper endoscopy 
should be performed to ensure that the myotomy is complete, 
and to insufflate the stomach with the mucosa under water to 
evaluate for air bubbles indicating a mucosal perforation.

       Antireflux Procedure (Fundoplication) 

 After the myotomy is completed, an antireflux procedure is 
performed to prevent postoperative GER by recreating the 
His angle and keeping the GEJ inside the abdominal cavity. 
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A 360° Nissen fundoplication has been used in selected series 
[ 51 ,  54 ,  55 ], however, a Nissen fundoplication may hinder 
esophageal clearance, resulting in progressive postoperative 
dilatation of the aperistaltic esophagus and recurrent dyspha-
gia. Although a few centers with significant experience in 
esophageal surgery still advocate a Nissen fundoplication 
after myotomy [ 55 ], most do not recommend it due to 
reported reoperation rates as high as 29 % [ 11 ]. Two partial 
fundoplications have been used with equipoise, a posterior 
fundoplication (Toupet fundoplication) and an anterior fun-
doplication (Dor fundoplication). The theoretical advantages 
of the Toupet fundoplication are that due to its anatomical 
configuration, it keeps the edges of the myotomy pulled 
apart, thus preventing scarring and recurrent dysphagia, and 

  Figure 14.4    The myotomy is performed to extend proximally for 
6 cm above the GEJ onto the esophagus and distally across the GEJ 
for 3 cm onto the stomach, making the total length of the myotomy 
about 9 cm.  Arrow  1: anterior vagus nerve,  arrow  2: left edge of the 
myotomy,  arrow  3: exposed esophageal submucosa (Reprinted with 
permission from Roll et al. [ 11 ])       
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that it can be performed just after the lower esophagus has 
been pulled downward and straightened, thus improving pas-
sage through the cardia and again minimizing postoperative 
dysphagia [ 56 ]. The drawbacks of the Toupet fundoplication 
are the need for circumferential dissection of the GEJ and 
the possibility that diverticula may develop at the site of the 
myotomy years after surgery because the fundoplication does 
not cover the myotomy site [ 57 ]. Proponents of the Dor fun-
doplication argue that the procedure is faster because the 
posterior esophageal attachments may be left in place [ 56 ]. 
Another advantage is that a properly constructed Dor fundo-
plication can prevent post-operative reapproximation of the 
myotomy [ 58 ]. Furthermore, covering the myotomy with the 
fundoplication may seal inadvertent mucosal injury and pre-
vent future development of diverticulae at the site of the 
myotomy. 

   Dor Fundoplication 

 The creation of the fundoplication begins with a complete 
mobilization of the fundus of the stomach, including division 
of the short gastric vessels all the way to the His angle. This 
can be accomplished by using a 5-mm ultrasonic Harmonic 
scalpel (Ethicon Endosurgery, Cincinnati, OH) and allows 
the proper creation of the anterior 180° Dor fundoplication. 
Two vertical rows of sutures secure the gastric fundus to the 
left and right edges of the myotomy to create the fundoplica-
tion. The first row is on the left and consists of about four 
stitches. Initially, the inferior edge of the left side of the 
esophageal myotomy is sutured to the medial gastric fundus. 
Then, a stitch is placed from a superior portion of the gastric 
fundus to the left diaphragmatic crus and then the left side of 
the myotomy about 2 to 3 cm cephalad of the first suture 
(Fig.  14.5 ). Two to 3 cm cephalad to the previous suture, a 
suture secures the left side of the myotomy to the gastric 
fundus without incorporating the crus. Attention to the geo-
metric arrangement of the fundus produced during this step 
is important because the reconstructions of the His angle, in 
addition to having an intra-abdominal GEJ, are what provide 
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the major antireflux barriers. An additional suture, again on 
the left and cephalad to the last, my be placed and brings the 
fundus to the left edge of the myotomy, this time just below 
the myotomy apex. A suture line is then created down the 
right edge of the myotomy. The first suture secures the supe-
rior right edge of the myotomy to a bite of gastric fundus. The 
suture line is continued caudally down the right myotomy 
edge. The second suture incorporates the right diaphragmatic 
crus to the fundus and the myotomy edge. Two final sutures 
on the right side bring the fundus to the inferior edge of the 
myotomy, and the exposed mucosal surface should now be 
completely covered by the fundus at this point. One or two 

  Figure 14.5    Creation of the Dor fundoplication. The first stitch 
sutures the inferior edge of the left side of the esophageal myotomy 
to the medial gastric fundus ( arrow  1). The second stitch is placed 
from a superior portion of the gastric fundus ( arrow  2) to the left 
diaphragmatic crus (not shown) and then the left side of the myot-
omy ( arrow  3) about 2 to 3 cm above the first suture (Reprinted 
with permission from Roll et al. [ 11 ])       
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sutures should then be placed to secure the superior aspect of 
the fundus to the anterior esophageal hiatus to prevent ante-
rior herniation of the fundoplication into the chest (Fig.  14.6 ).

       Toupet Fundoplication 

 When planning to perform a Toupet fundoplication a 
 complete circumferential dissection of the esophagus with 
creation of a posterior window has to be done in advance. 
After mobilization of the greater curvature with division of 
the short gastric vessels the posterior part of the gastric fun-
dus is passed behind the esophagus to the right and is fixed 

  Figure 14.6    Completed Dor fundoplication.  Arrows  1 and 2 point 
to the suture line that anchors the fundoplication to the right edge 
of the myotomy.  Arrow  2 incorporates the fundus, the right crus to 
the right edge of the myotomy.  Arrow  3 shows the suture that 
secures the fundoplication to the diaphragm.  Arrow  4 points to the 
divided short gastric vessels (Reprinted with permission from Roll 
et al. [ 11 ])       
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with 3 sutures to the right crus. The wrap is then fixed to the 
 anterior wall of the esophagus including the edges of the 
myotomy by 3 sutures on both sides to form a posterior wrap 
of about 270°.   

   Finishing the Operation 

 The operation field is explored for residual bleeding. The 
liver retractor and ports are removed under direct vision to 
evaluate for bleeding. Then, all port sites are infiltrated under 
direct vision with bupivacaine as local anesthetic. The fascia 
of the 10 mm ports is closed with an Endoclose device to 
avoid hernias. The patient’s abdomen is deflated and all inci-
sions are closed.    

    Treatment of Advanced Stages of Achalasia 

 Treatment of advanced stages of achalasia is controversial 
when the esophagus has dilated severely and its course in 
the chest becomes sigmoidal. Some authors have proposed 
that the gross pathology of the esophagus is so advanced 
that it will not respond to myotomy and fundoplication and 
therefore requires esophageal resection. However, recent 
studies suggest that these patients may have good out-
comes after myotomy and fundoplication, although studies 
with long- term follow-up are still lacking [ 59 ,  60 ]. 
Esophagectomy may need to be contemplated in selected 
cases.  

    Post-operative Care 

 Oral intake can be initiated immediately postoperative in 
most patients. We start with clear liquids on the operation day 
and rapidly increase to a pureed and then soft diet, which 
should be continued for 2–3 weeks. Most patients are dis-
charged on postoperative day 1.  
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    Complications 

 Selecting the proper treatment for a given patient requires 
analysis of the rates of complications of all of the treatment 
options. With pneumatic balloon dilation, currently the accepted 
standard, the perforation rate is 1.6 % [ 1 ]. Systematic review of 
the results of 3,086 patients who had laparoscopic myotomy 
found that complications were reported in 6 % and death in 
0.1 % [ 1 ]. Intraoperative perforation of the esophageal or gas-
tric mucosa was reported in about 7 % [ 1 ]. Most of those inju-
ries were repaired during the index operation, and only 0.7 % 
experienced symptoms from perforation postoperatively. When 
overall complication rates reported after laparoscopic myot-
omy are compared with ED, differences are possibly related to 
an innate more invasive nature of the laparoscopic surgery, but 
differences in baseline patient characteristics and severity of 
the disease likely have an impact on the results of each method 
reported. A 2001 decision analysis for the treatment of achala-
sia evaluated four strategies for the initial management of 
achalasia: (1) laparoscopic Heller myotomy and partial fundo-
plication, (2) pneumatic dilatation, (3) botulinum toxin injec-
tion, and (4) thoracoscopic Heller myotomy [ 61 ]. According to 
the analysis, laparoscopic myotomy with fundoplication was the 
proper first treatment strategy unless the patient’s risk of 
operative mortality was higher than 0.7 %. 

 Persistent postoperative dysphagia after laparoscopic myot-
omy with fundoplication can be the result of the  following tech-
nical factors: (1) the myotomy is too short distally, (2) the 
myotomy is too short proximally, or (3) the fundoplication has 
been constructed incorrectly. Some patients may develop recur-
rent dysphagia after a symptom-free interval. This type of failure 
may be due to GER and the development of peptic stricture, 
healing, and fibrosis of the distal portion of the myotomy [ 11 ].     
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    Abstract     Obesity is defined as a body mass index 
(BMI: weight in kilograms divided by height in meters 
squared) > 30 kg/m 2 . Patients qualify for bariatric surgery 
with a BMI of 35 kg/m 2  or greater with associated obesity- 
related comorbid conditions or with a BMI of 40 kg/m 2  
or greater. Obesity is associated with increasing rates of 
a large number of comorbid conditions including type 2 
diabetes, obstructive sleep apnea, hypertension, as well as 
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a variety of malignancies including breast, endometrial, 
and prostate cancer, among others. The current and most 
commonly used surgical techniques to treat morbid obesity 
includes procedures designed to restrict gastric capacity 
(restrictive procedures) such as sleeve gastrectomy and 
adjustable gastric banding and procedures that combine 
reducing gastric capacity to different degrees of diversion 
of food bolus contact with the duodenum and the small 
bowel (malabsorptive component), such as Roux-en-Y 
gastric bypass and biliopancreatic diversion with or with-
out duodenal switch (BPD and BPD-DS). The introduc-
tion of laparoscopic techniques has led to appreciable 
decreases in perioperative morbidity while maintaining 
excellent long-term outcomes. Bariatric surgery provides 
major and sustained weight loss in most patients, while 
it improves, cures, or markedly lowers incidence rates of 
obesity- associated diseases and reduces overall mortal-
ity. This chapter describes in detail the two most common 
bariatric surgical techniques currently in use in the United 
States: the laparoscopic Roux-en-Y gastric bypass and the 
laparoscopic sleeve gastrectomy.  

  Keywords     Obesity   •   Comorbid conditions   •   Type 2  diabetes   
•   Apnea   •   Hypertension   •   Gastric capacity   •   Restrictive 
 procedures   •   Sleeve gastrectomy   •   Adjustable gastric  banding   
•   Malabsorptive component   •   Biliopancreatic diversion   • 
  Roux-en-Y gastric bypass  

        Introduction 

 Over the past 40 years there has been a dramatic increase in 
the rates of obesity in the United States and worldwide and 
nowadays obesity affects 500 million people worldwide [ 1 ]. 
According to the Center for Diseases Control and Prevention, 
approximately 35.7 % of US adults and 17 % of children and 
adolescents ages 2–19 years are obese (body mass index, 
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weight in kilograms divided by height in meters squared; 
BMI > 30 kg/m 2 ) [ 2 ]. In 2005, obesity was responsible for 
approximately 216,000 deaths in the United States, making it 
the third most common cause of preventable death behind 
smoking and hypertension [ 3 ]. Additionally, the World Health 
Organization estimates that the cost of obesity care accounts 
for 2–7 % of total health care costs worldwide [ 4 ]. In the 
United States, the medical cost of obesity in 2008 was  estimated 
at $147 billion dollars and is likely to be higher today [ 5 ]. 

 Obesity is currently defined as BMI >30 kg/m 2 , whereas a 
BMI > 40 kg/m 2  is categorized as extreme (severe) obesity 
(Table  15.1 ). Though BMI is the most common marker used 
to determine obesity, it does have significant limitations. BMI 
reflects both fat and lean body mass and does not identify the 
distribution of body fat and/or metabolic active adiposity [ 6 ]. 
In other words, BMI will overestimate obesity in people with 
a high percentage of lean body mass or muscle mass, such as 
bodybuilders or athletes. Similarly, BMI will underestimate 
obesity in patients with a lower percentage of lean body mass 
such as individuals who have complications of their obesity at 
lower levels of BMI with preferential fat accumulation in the 
abdominal region. Other measures of obesity, which are more 
specific for intra-abdominal adiposity, such as the waist 
 circumference, waist-hip ratio, waist-height ratio and imaging 
studies, will likely play a significant role in the diagnosis, strati-
fication and classification of obesity in the near future [ 7 ].

   Table 15.1    Categories of weight   
 Category  BMI (kg/m 2 ) 
 Underweight  <18.5 

 Normal weight  18.5–24.9 

 Overweight  25–29.9 

 Obesity class 1  30–34.9 

 Obesity class 2  35–39.9 

 Extreme (severe) obesity class 3  ≥40 
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   Obesity is a multifactorial disease with important societal 
and public health implications. Although the fundamental 
mechanism is an imbalance between caloric intake and 
energy expenditure, there is physiologic, biochemical and 
genetic evidence that obesity and severe obesity are not 
simple disorders of willpower. In addition, several factors 
have contributed to the observed increasing rates of obesity 
over the last 40 years: major changes in the availability, com-
position, preservation methods and cost of available food 
products in the United States and worldwide, urbanization, 
and other changes in modern life style. Important examples 
are the increase in consumption of sugar, high-fructose corn 
syrup, fats, and consumption of grain-fed over grass-fed live-
stock meats during recent decades [ 8 ,  9 ]. Other factors that 
add to the complexity of the matter include the United States 
government-policy on farm subsidies, the marketplace involv-
ing food manufacturers, revenues from beverage and pro-
cessed foods, among many others. The low cost of 
government-subsidized commodities like corn and soybeans, 
make sugars and fats some of the cheapest food substances to 
produce. At the same time, prices for fruits and vegetables, 
grown with relatively little government support, have risen 
nearly 40 % in the past 20 years [ 10 ]. 

 Obesity is associated with severe metabolic disorders, poor 
quality of life and decrease in life span [ 11 ]. While the association 
between obesity and type II diabetes, hypertension, hypercholes-
terolemia, and obstructive sleep apnea are well established, many 
other medical, psychiatric, and oncologic disorders are closely 
associated with obesity (Table  15.2 ). The comorbidities associ-
ated with obesity can have a massive impact on the overall health 
and psychological well-being of patients. Most of these comor-
bidities will correct to some degree with weight loss [ 12 ,  13 ].

   While societal changes and treatment strategies aimed at 
prevention of obesity are essential to stem the rising rates of 
obesity, treatment for the millions of individuals with estab-
lished obesity and severe obesity are essential. For individu-
als with severe obesity, non-surgical treatment modalities 
have high rates of failure and bariatric surgery should be 
offered as a therapeutic option. Bariatric surgery is currently 
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the most effective treatment for severe obesity and has been 
shown to be cost-effective at approximately $18,000.00 per 
Quality Adjusted Life Year (QALY) [ 14 ]. When the opera-
tion is carried out in high-volume centers by expert surgeons, 
it is associated with a low risk of peri-operative and long-term 
complications [ 15 ], major and sustained weight loss in most 
patients [ 16 ], improvements in or cure of obesity associated 

   Table 15.2    Obesity associated co-morbidities   
 Cardiovascular  Hypercholesterolemia 

 Hypertension 
 Cardiomyopathy 

 Pulmonary  Obstructive sleep apnea 
 Obesity hypoventilation syndrome 
 Pickwickian syndrome 
 Asthma 

 Gastrointestinal  Non-alcoholic steatohepatitis 
 Cholelithiasis 
 Gastroesophageal reflux disease 

 Endocrine  Type II diabetes mellitus 

 Orthopedic  Knee arthropathy 
 Low back pain 
 Weight bearing joint pain 

 Psychologic  Depression 
 Anxiety 

 Genitourinary  Stress incontinence 
 Polycystic ovarian syndrome 
 Infertility 
 Gestational diabetes 
 Poor maternal and fetal outcomes 

 Oncologic  Endometrial cancer 
 Breast cancer 
 Prostate cancer 
 Colorectal cancer 
 Esophageal cancer 
 Hepatocellular carcinoma 
 Ovarian cancer 
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diseases including type 2 diabetes [ 17 ], a better quality of life 
[ 18 ] and increased life expectancy resulting from fewer car-
diovascular and cancer- related deaths [ 19 ,  20 ]. 

 Historically, there were a number of surgical procedures 
performed for the treatment of obesity. Many of these proce-
dures, like jejunoileal bypass, were associated with high rates 
of long-term complications and treatment failure and are 
thus no longer performed. Others, such as silicone ring gas-
troplasty, horizontal gastric bypass and vertical banded gas-
troplasty are seldom performed nowadays. They have fallen 
out of favor due to high rates of weight recidivism and/or the 
development of more standardized procedures that can be 
done using minimally invasive techniques. In the early 1990s 
roughly only 20,000 bariatric procedures were performed 
annually in the United States [ 21 ]. This number increased to 
approximately 180,000 by 2006 and continues to climb slowly 
[ 21 ]. A worldwide survey [ 1 ] shows that the total global num-
ber of bariatric procedures increased from 146,301 in 2003 to 
340,768 in 2011 (Fig.  15.1 ). Many factors have led to this dra-
matic increase in the utilization of bariatric surgery in the 
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  Figure 15.1    Trends in numbers of procedures worldwide from 2003 
to 2008 to 2011 (Adapted from Buchwald and Oien [ 1 ]).  RYGB  
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United States, and include the introduction of laparoscopic 
minimally invasive techniques, the increasing rates of obesity, 
the recognition of obesity as a health hazard, the poor out-
comes with behavioral and medical management of obesity 
and the reproducible good outcomes with bariatric surgery in 
high volume centers [ 22 ]. However, weight loss results vary 
significantly with the different surgical techniques in practice, 
and the mechanisms promoting weight loss after bariatric 
surgery are still under scrutiny.

   Nowadays, two of the most common performed proce-
dures for the treatment of obesity worldwide are Roux-en-Y 
gastric bypass (RYGB) and sleeve gastrectomy (SG). A 
review of the techniques and outcomes of these procedures 
will be described in this chapter.  

    Indications for Bariatric Surgery 

 A decision favoring operative treatment must consider the 
potential benefits and risks of general anesthesia and an 
abdominal operation. Assessment of a patient’s readiness for 
operation is a clinical judgment that should be made by a 
surgeon experienced in the operative management of obese 
patients in conjunction with other health allied professionals 
with expertise in the evaluation and management of obesity, 
such as a mental health care professional and a dietician. 

 In 1991, the National Institutes of Health (NIH) convened 
a panel of experts from a variety of specialties to review what 
were then the current data on the treatment of obesity in order 
to define a patient population that would most benefit from 
bariatric surgery. The NIH consensus criteria stated that in 
order to qualify for surgery, patients must have a BMI >40 kg/
m 2  or a BMI of 35–39.9 kg/m 2  with specific obesity- associated 
comorbid conditions such as severe sleep apnea, type 2 diabe-
tes mellitus (T2DM), or hypertension [ 23 ]. They also recom-
mended that patients must be well-informed, self- motivated 
and of acceptable operative risk. Additionally, they must have 
failed previous non-surgical treatment options, which include 
integrated diet, exercise, behavioral modification and psycho-
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logical support [ 23 ]. These criteria were adopted by the 
Centers for Medicare and Medicaid Services and eventually by 
most private insurance companies, and they remain to date the 
accepted indications for operative treatment. 

 Age alone is no longer a contraindication to operative 
treatment if a patient has comorbidities that would benefit 
from sustained weight reduction. Bariatric surgery in adoles-
cents is still considered experimental, and should be done 
only in specialized medical centers under the supervision of 
an Institutional Review Board. 

 While outcomes following bariatric surgery are superior to 
all other forms of obesity treatment, bariatric procedures may 
fail over the long term if there is no significant patient motiva-
tion to change lifestyle. In addition, it is recommended that 
bariatric surgical programs should include a multi- disciplinary 
team for patient evaluation and a structured pathway for pre- 
and post-operative counseling and medical evaluation. Team 
members should include bariatric surgeons, health pyscholo-
gists, nutritionists, and exercise physiologists. Patients should 
be advised and agree (1) to comply with lifestyle changes; (2) 
adhere to nutritional supplement prescriptions; (3) comply 
with eating behavior modifications; and (4) participate in 
long-term monitoring and follow-up evaluation.  

    Laparoscopic Roux-en-Y Gastric Bypass 
(RYGB) 

 RYGB was initially described by Drs. Mason and Ito at the 
University of Iowa in 1969 [ 24 ]. Many individuals contributed 
to the introduction and standardization of laparoscopic mini-
mally invasive techniques. Noteworthy was the work of Dr. 
Allan Wittgrove with the publication of the first series of 
laparoscopic RYGB for morbid obesity in 1994 [ 25 ]. Since 
then, most bariatric procedures have been performed utiliz-
ing minimally invasive techniques with similar weight loss 
and resolution of obesity associated disease outcomes [ 18 ], 
but significant decreases in morbidity compared to open bar-
iatric procedures [ 15 ]. 
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 RYGB combines restriction caused by a small gastric 
pouch with several other physiologic changes caused by the 
Roux-en-Y anatomy, because RYGB prevents contact of the 
food bolus with most of the stomach and the duodenum while 
allowing for early delivery to the proximal jejunum. Caloric 
restriction with RYGB leads to negative energy balance and 
different degrees of weight loss and decreases in total fat and 
lean body mass and fat in the liver, visceral, and peripheral 
tissues [ 12 ,  26 ]. These changes are also associated with a 
decrease in hepatic glucose production and an increase in 
insulin sensitivity in the liver, muscle, and adipose tissue [ 27 ]. 
RYGB is also known to promote postprandial changes in 
many gastrointestinal (e.g., ghrelin, glucagon-like-peptide 1, 
glucose-dependent insulinotropic polypeptide, peptide YY) 
and pancreatic (insulin, glucagon, pancreatic polypeptide) 
hormone levels [ 27 – 29 ]. These hormones affect gastric emp-
tying, glucose regulatory mechanisms, central nervous system 
hunger, and satiety mechanisms [ 30 ] in addition to changes in 
diet induced thermogenesis [ 31 ], bile acid metabolism [ 32 ] 
and gut microbiota composition [ 33 ]. It has been recently 
suggested that persons undergoing RYGB may also have 
increases in weight-adjusted resting energy expenditure after 
substantial weight loss has occurred [ 34 ,  35 ], a factor that 
might support the sustained weight loss after RYGB. 

    Operative Technique of Laparoscopic RYGB 

    Positioning and Anesthesia 

 Patients undergoing laparoscopic RYGB are at high risk for 
deep venous thromboembolism (DVT) and pulmonary embo-
lism. DVT prophylaxis with subcutaneous heparin (unfrac-
tionated or low molecular weight heparin) 30 min prior to the 
induction of anesthesia should be the standard in all cases. 
Lower extremity sequential compression devices should also 
be on and operational prior to induction. Proper patient posi-
tioning on an appropriate table is critical to avoid injuries. 
Bariatric patients may be at higher risk for brachial plexus 
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injuries, especially with prolonged cases. Arms should be pad-
ded and carefully secured. Arms should be flexed anteriorly 
when out at the sides on wedges to prevent brachial plexus 
stretch. Steep reverse Trendelenburg during certain phases of 
laparoscopic RYGB can be extremely helpful for exposure 
and the use of a foot board minimizes the chance of a patient 
sliding off the table. An anesthesia team that is experienced 
and comfortable intubating extremely obese patients with dif-
ficult airways using a variety of techniques is critical. We rou-
tinely administer a dexmedetomidine infusion (Precedex, 
Hospira, Lake Forest, IL) beginning 30 min before the antici-
pated completion of the procedure and in the recovery room. 
Dexmedetomidine is an alpha-2 receptor agonist with seda-
tive and analgesic sparing properties. We have found that 
patients who receive this infusion require less narcotic pain 
medication for pain control after surgery and are discharged 
to home sooner following laparoscopic gastric bypass [ 36 ].  

    Description of Procedure 

 The technique for laparoscopic RYGB varies from center to 
center. The most common variations relate to the position of 
the alimentary limb (Roux-limb) and the technique used to 
create the gastrojejunostomy. The alimentary limb can be 
placed anterior to both the colon and the gastric remnant 
(antecolic), posterior to the colon and anterior to the gastric 
remnant (retrocolic-antegastric), or posterior to both 
(retrocolic- retrogastric). Most centers in the US now prefer 
the antecolic approach; however a retrocolic route maybe 
needed in selected patients to allow for the gastrojejunos-
tomy to be done without tension. Using the retrocolic 
approach routinely is an option, but that approach creates an 
additional space for an internal hernia and has been associ-
ated with increased risk of internal hernias [ 37 ]. The gastroje-
junostomy is most often constructed using surgical staplers 
(either circular staplers or linear staplers) or using hand-sewn 
techniques with sutures. There are advantages and disadvan-
tages to each technique, and experienced surgical teams can 
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achieve good and safe outcomes in a timely manner with all 
of these methods. Our standard technique involves the 
antecolic alimentary limb and a circular stapler gastrojeju-
nostomy. For the circular stapler gastrojejunostomy the sta-
pler anvil maybe 21 or 25 mm and passed either using a 
transgastric or trans-oral technique.

    1.    Port placement    

  We employ a six port technique for laparoscopic 
RYGB. Initial abdominal access is usually obtained using a 
direct trocar insertion technique without pneumoperitoneum 
using 10-mm optical viewing trocar and a 0° scope in the left 
paramedian supra-umbilical location [ 38 ]. A 12 mm port is 
placed in the right flank. Additional 5 mm ports are then 
placed in the subxiphoid area, left upper quadrant and left 
flank. A third 12 mm port is then placed in the left lower 
quadrant and that incision will also be used to insert the 

  Figure 15.2    Ports placement for laparoscopic gastric bypass ( A  5 mm 
trocar,  B  12 mm trocar,  C  11 mm trocar)       
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 circular stapler (Fig.  15.2 ). The first assistant stands on the 
patient’s left side and holds the camera with his/her left hand 
and assists through the left lateral port with his/her right 
hand. The surgeon stands on the patient’s right side.

    2.    Creation of the Alimentary limb and Jejuno-jejunostomy    

  We routinely create the alimentary limb and jejuno- 
jejunostomy as the initial step. The omentum is reflected 
cephalad and tucked in the upper abdomen and the trans-
verse colon elevated. After elevating the transverse mesoco-
lon, the ligament of Treitz is identified at the base of the 
transverse mesocolon (Fig.  15.3 ). The ligament of Treitz is 
clearly identified and the bowel is run for about 50 cm to find 
a jejunal loop that can reach the upper abdomen without ten-
sion. The jejunum is then transected using an endoscopic lin-
ear cutting stapler using 2.5 mm height staplers (Fig.  15.4 ). 
The mesentery between the bilio-pancreatic and alimentary 

  Figure 15.3    Identifying the ligament of Treitz ( Arrow ), ( A  trans-
verse mesocolon,  B  jejunum)       
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limb is then divided for about 2 cm with an ultrasonic dissec-
tor. In rare cases, a more complete division of the mesentery 
is needed. The alimentary limb is marked with two clips to 
facilitate later the identification when creating the 
 jejuno- jejunostomy and prevent a Roux-en-“O” error (mis-
takenly connecting the alimentary limb back to itself). The 
best length of the alimentary limb is still a matter of debate; 
we choose the alimentary limb length based on the patient’s 
BMI: 100 cm for a BMI < 50 kg/m 2  and 150 cm for a 
BMI ≥ 50 kg/m 2  [ 39 ]. Importantly, the alimentary limb should 
be moved and placed to the left of the bilio-pancreatic limb 
and angle of Treitz (Fig.  15.5 ). The jejuno-jejunostomy is then 
created by connecting the biliopancreatic limb to the 100 or 
150 cm location of the alimentary limb. Enterotomies are cre-
ated in each segment with the ultrasonic shears (Fig.  15.6 ). 
The enterotomy in the bilio-pancraetic limb is done at the top 
of the cut staple line and the enterotomy in the alimentary 

  Figure 15.4    Transecting the jejunum using an endoscopic linear cut-
ting stapler ( A  jejunum,  B  endo GIA stapler)       
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  Figure 15.5    Placing the alimentary limb ( A ) to the left of the bilio- 
pancreatic limb ( B )       
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  Figure 15.6    Creating enterotomies ( Arrows ) in the alimentary limb 
( A ) and bilio-pancreatic limb ( B )       
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limb should be done in the left lateral side of the small bowel 
mid-way between the mesentery and the anti-mesenteric 
border to prevent narrowing the lumen when closing the 
common enterotomy (Fig.  15.6 ). An endoscopic linear cutting 
stapler of 60 mm length with 2.5 mm height staples is inserted 
down each lumen and fired, creating a side-to-side functional 
end-to-end jejunojejunostomy (Figs.  15.7  and  15.8 ). The sta-
ple lines are inspected for hemostasis. The opening in the 
bowel is closed with an additional load of the endoscopic 
linear cutting stapler with 3.5 mm height staples, taking care 
not to compromise the caliber of the lumen of the jejunojeju-
nostomy (Fig.  15.9 ). An anti-kinking stitch is placed to pre-
vent obstruction at the jejunojejunostomy (Fig.  15.10 ). The 
mesenteric defect is then closed with a running locking 2–0 
braided polyester suture from the anastomosis to the base of 
the mesentery (Fig.  15.11 ).

           Closing Peterson’s space (between the mesentery of the 
alimentary limb and the transverse colon when the antecolic 
technique is used) is advocated by many. We split the omen-
tum up the middle from the mid transverse colon using ultra-
sonic shears (Fig.  15.12 ). The alimentary limb is brought 
anterior to the mid-transverse colon and into the proximal 
abdomen between the leaves of the omentum. At this point, 
attention is turned to creating the gastric pouch.

    3.    Creation of the Gastric Pouch    

  The patient is positioned in steep reverse Trendelenburg 
at this time to facilitate exposure of the proximal stomach. A 
liver retractor is inserted through a subxiphoid 5 mm inci-
sion and secured with a mechanical arm retractor to lift the 
left lobe of the liver anteriorly. We start by dissecting the 
gastroesophageal junction fat pad off the left crus of the 
diaphragm at the angle of His. This makes later visualization 
of the proximal stomach during gastric pouch creation a bit 
easier. We then dissect between the proximal lesser curve 
gastric wall and the lesser curve neurovascular bundle and 
into the lesser sac (Figs.  15.13  and  15.14 ). This location is 
typically between the fat pad and the visible first lesser curve 
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  Figure 15.7    Placing the bilio-pancreatic limb ( B ) and the alimen-
tary limb ( A ) in the linear stapler ( C )       
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vessel on the anterior proximal stomach (about 5 cm distal 
from the  estimated location of the gastroesophageal junc-
tion). A 3.5 mm height, 60 mm linear stapler is initially fired 
to divide the stomach in a right-to-left horizontal plane 
(Fig.  15.15 ). Next, two or three 3.5 mm height, 60 mm linear 
staplers are used to create a 30 ml gastric pouch divided at 
the level of the angle of His (Fig.  15.16 ). Specific care is 
always taken not to leave redundant gastric fundus on the 
side of the gastric pouch.

       4.    Creation of the Gastrojejunostomy    

  We prefer the trans-oral placement of the anvil and with the 
anvil delivered through the cut staple line of the gastric pouch. 
We routinely use a 21 mm anvil connected to a 3.5 mm height 
stapler. However, a 21 mm circular stapler (as opposed to a 
25 mm circular stapler) should only be used when the trans-oral 

  Figure 15.8    Creating a side-to-side jejunojejunostomy using an 
endoscopic linear cutting stapler ( A  alimentary limb,  B  bilio-pancre-
atic limb,  C  endo GIA Stapler)       
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technique is used [ 40 ]. The transgastric 21 mm  stapler technique 
has been associated with higher stricture rate in ours and others 
experience [ 41 ]. The gastrojejunal anastomosis technique 
includes passing the 21 mm anvil (OrVil TM , Autosuture, Norwalk, 
CT, USA) trans-orally and through a small opening in the sta-
pled gastric pouch (Fig.  15.17 ). The OrVil TM  21 mm device is a 
pre-packaged commercially available device (OrVil TM , 
Autosuture, Norwalk, CT, USA). It combines the anvil head, 
secured in the tilted position, mounted on a 90-cm long polyvi-
nyl chloride (PVC) delivery tube and secured to the tube with a 
suture. The PVC delivery tube is inserted through the patient’s 
mouth, delivered through a small opening in the stapled gastric 
pouch and pulled from left lower quadrant port sites to assist 
bringing the anvil shaft into the gastric pouch staple line. A criti-
cal step of the procedure is then passing the tilted anvil head 
attached to the delivery tube through the posterior pharynx into 
the esophagus. We recommend that the anesthesiologist and an 

  Figure 15.9    Closing the opening of the entero-enterostomy ( Arrow ) 
using an endoscopic linear cutting stapler       
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assistant are present for this portion of the procedure. The anvil 
head should be generously lubricated, and its convex side 
directed and maintained towards the hard palate. Once the anvil 
enters the posterior pharynx, elevating the mandible, similar to 
a Jaw thrust maneuver, and briefly deflating the balloon of the 
double-lumen endotracheal tube, facilitates the anvil passage 
into the esophagus. Once the anvil shaft has been exteriorized 
through the gastric staple line, the suture that holds it to the 
delivery tube is cut and the tube is disconnected from the anvil 
while holding the anvil in place (Fig.  15.18 ). The anastomosis is 
completed by joining the anvil to the end-to-end circular stapler 
(EEA XL 25 mm with 3.5 mm staples, Autosuture, Norwalk, CT, 
USA) inserted into the small bowel (Figs.  15.19 ,  15.20  and  15.21 ). 
Then, the EEA stapler and anvil were removed, the anastomosis 
inspected and the small bowel opening closed using an  additional 
firing of a 2.5 mm linear stapler (United States Surgical 
Corporation, Norwalk, CT, USA) (Fig.  15.22 ).

  Figure 15.10    Placing an anti-kinking stich ( Arrow ) at the jejunoje-
junostomy       
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  Figure 15.11    Closing the mesenteric defect ( Arrow ) using suturing 
device ( A )       
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        We routinely place two 2-0 absorbable sutures at the cor-
ners of the anastomosis (Fig.  15.23 ). The use of absorbable 
rather than permanent sutures at the gastrojejunostomy may 
help to minimize the incidence of marginal ulcers [ 42 ].

   A leak test is performed by passing an orogastric tube into the 
alimentary limb and injecting oxygen at a flow rate of 1 L while 
the jejunum is pinched distal to the gastrojejunostomy. If air 
bubbles are identified, the leak should be repaired immediately. 

 We do not routinely place drains. Final aspect of the gas-
trojejunostomy is shown (Fig.  15.24 ). All ports are removed 
under direct visualization to ensure that there is no abdomi-
nal wall bleeding and fascial defects are closed.

        Results After Laparoscopic RYGB 

 The safety profile of RYGB has been confirmed by multiple 
case series and large administrative database studies [ 43 – 45 ] 

  Figure 15.12    Dividing the omentum ( A ) in the middle of the trans-
verse colon ( B )       
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and by the results of a prospective, multicenter, observational 
study of 4,340 consecutive patients at 10 clinical sites in the 
U.S [ 15 ]. Severe complication and mortality rates were low 
overall (4.1 % and 0.3 %). The study also showed that com-
plications and mortality were significantly lower in patients 
who had a laparoscopic as opposed to an open RYGB: com-
plication and mortality rates laparoscopic, 4.8 % and 0.2 %; 
open, 7.8 % and 2.1 %, p < 0.01. Similar data from a random-
ized controlled trial support the notion that laparoscopic 
RYGB is associated with fewer overall complications than 
open RYGB [ 18 ]. 

 A series of 608 patients with RYGB who were followed 
for 14 years was reported in 1995, with 98 % of the patients 
included in the analysis [ 46 ]. The percentage of excess weight 
loss was 70, 58, 55 and 49 % at 2, 5, 10 and 14 years, respec-
tively. The improvement in comorbidities with this sustained 
weight reduction included a reduction in the number of 
patients with hypertension from 58 % to 14 %, while T2DM 

  Figure 15.13    Dissecting into the lesser sac ( Arrow ) ( A  liver,  B  gas-
trohepatic ligament,  C  stomach)       
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remitted in 83 %. The development of new cases (incidence 
rates) of T2DM was also reduced; only 1 % of patients who 
had impaired glucose tolerance preoperatively progressed to 
T2DM in the postoperative period. It was estimated that 
21–38 % of these patients would have become diabetic with-
out sustained weight reduction. 

 The largest report to-date to evaluate long-term remis-
sion and relapse of T2DM after RYGB is a multisite study 
of 4,434 adults [ 47 ]. Postoperative remission and relapse of 
T2DM followed strict criteria:  Complete remission  was 
defined as the combination of discontinuing hypoglycemic 
medication and fasting glucose values <100 mg/dL and/or 
HbA1c levels <6.0 % occurring more than 90 days after the 
last prescription.  Relapse of T2DM  was defined as one or 
more of the following: restarting T2DM medication, one or 
more HbA1c measures ≥7 %; and/or one or more fasting 
glucose measures ≥126 mg/dL. Overall, 68.2 % of all 

  Figure 15.14    Dissecting into the lesser sac ( Arrow ) ( A  liver,  B  gas-
trohepatic ligament,  C  Stomach)       
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patients experienced an initial complete diabetes remission 
within 5 years after surgery and the median duration of 
remission was 8.3 years. Among those who initially remit-
ted, 35.1 % relapsed within 5 years. Significant predictors of 
complete remission and relapse were poor preoperative 
glycemic control, insulin use, and longer duration of 
diabetes. 

 Much interest and research is underway to define pre-
cisely and understand the mechanisms of diabetes remis-
sion and relapse, the optimal timing of operation in 
effecting a durable remission, and the relationship between 
remission duration and incident microvascular and macro-
vascular events. Nevertheless it is clear that bariatric sur-
gery is currently the only available weapon that is capable 
of providing reliable and enduring rates of T2DM 
remission.   

  Figure 15.15    Creating the gastric pouch with a linear cutting stapler 
( A  liver,  B  spleen,  C  stomach)       
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    Laparoscopic Sleeve Gastrectomy (SG) 

 Sleeve Gastrectomy (SG) was initially performed in 1988 by 
Hess and Hess [ 48 ] as the gastric restrictive portion of the 
biliopancreatic diversion with duodenal switch (BPD-DS) 
[ 49 ]. In late 1980, a few centers in the U.S. and in Europe 
[ 50 – 52 ] started using SG as the first of a two-step procedure 
to decrease operative time and reduce complication and mor-
tality rate with BPD-DS in the super obese patient. The 
results after SG in regards of weight loss and resolution of 
comorbidities were comparable to RYGB [ 49 ,  53 ] and many 
patients did not need the second step (the BDP-DS part). 
Therefore, SG was increasingly considered as a sole bariatric 
procedure and in 2010 the American Society for Metabolic 
and Bariatric Surgery (ASMBS) recommended SG as an 

  Figure 15.16    Creating a gastric pouch by dividing the proximal 
stomach at the level of angle of His ( A  liver,  B  left crus of dia-
phragm,  C  gastric pouch,  D  spleen)       
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approved bariatric operation [ 54 ]. In 2008 worldwide 18,098 
SG were performed and this number increased to 94,689 in 
2011, making the SG second most performed bariatric proce-
dure [ 1 ] (Fig.  15.1 ). 

 SG promotes weight loss by several mechanisms. SG is con-
sidered as a purely restrictive procedure with reduction in food 
intake and early satiety, which results in weight loss [ 55 ]. In 
contrast to other traditional restrictive procedures like adjust-
able gastric banding, where a tiny gastric pouch of about 15 cc 
is created, in SG the volume of the remaining stomach is up to 
150–200 cc. However, in SG the gastric fundus, the major food 
storage compartment and upper part of the body of the stom-
ach, including the gastric pacemaker, are removed [ 56 ]. 
Additional, it seems that after SG the gastric emptying is accel-
erated with an increased small bowel transit time, which leads 
to decreased nutrient absorption [ 56 ]. Another metabolic 

  Figure 15.17    Passing the delivery tube of the stapler anvil through 
a small opening in the gastric pouch staple line ( A  gastric pouch, 
 B  delivery tube)       
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effect after SG is the reduction in ghrelin [ 57 ]. Ghrelin is an 
orexigenic hormone, which induces preprandial hunger and 
meal initiation. Ghrelin blocks insulin secretion, stimulates 
secretion of insulin antagonists growth hormone and adreno-
corticotropic hormone, suppresses production of the insulin 
sensitizing hormone adiponectin and blocks hepatic insulin 
signaling [ 55 ]. Ghrelin is mainly secreted in the gastric fundus 
[ 55 ]. Reduction in Ghrelin- levels, which was found after SG, 
would have an antidiabetic effect and might be one explana-
tion for the improvement in T2DM, which was seen after 
SG. Another metabolic effect might be stimulated levels of 
hindgut hormones [ 58 ]. Higher concentrations of undigested 
food in the terminal ileum might cause stimulation of L-cells 
with higher concentrations of glucagon-like peptide 1 and pep-
tide YY. Both hormones have an anti-diabetic effect through 
enhancing glucose dependent insulin secretion, suppressing 
glucagon secretion and increasing insulin sensitivity [ 55 ,  59 ]. 

  Figure 15.18    Cutting the suture to disconnect the delivery tube 
from the anvil ( A  gastric pouch,  B  anvil shaft,  C  delivery tube)       
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  Figure 15.19    Placing the jejunum into the circular stapler ( A  jeju-
num,  B  circular stapler pin)       
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 Current relative contra-indications for SG are patients 
with Barrett’s esophagus, gastro-esophageal reflux disease 
with esophageal mucosal injury such as erosive esophagitis, 
strictures, and ulcers, achalasia, large hiatal or  paraesophageal 
hernias, diabetic gastroparesis, and active Crohn’s disease. 
Due to its relative simplicity compared to RYGB and much 
better results compared to adjustable gastric banding, the 
utilization of SG has increased markedly both in the US and 
worldwide [ 1 ,  60 ]. 

    Operative Technique of Laparoscopic Sleeve 
Gastrectomy 

 The laparoscopic technique for SG was first described by 
Ren et al. [ 61 ]. Access to the peritoneal cavity is similar to the 
one described for laparoscopic RYGB. Trocar placement 

  Figure 15.20    The circular stapler is engaged to the anvil ( A  gastric 
pouch,  B  anvil shaft,  C  jejunum)       
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 varies significantly from center and surgeons. We used 5 tro-
cars, a 12 mm in the right flank, three 5 mm, one in the sub-
xiphoid area, one in the left upper quadrant and one in the 
left flank, and another 12 mm in the left lower quadrant 
(Fig.  15.25 ). The patient is placed in reverse Trendelenburg 
and the left lobe of the liver is retracted. The stomach is 
inspected and adequately decompressed through an orogas-
tric tube. Gastric mobilization is started by dividing the gas-
trocolic ligament about 5 cm proximal to the pylorus 
(Fig.  15.26 ) and by dividing it in between the stomach and the 
right gastroepiploic arcade (Fig.  15.27 ). This is done with a 
harmonic scalpel all the way to the Angle of His (Fig.  15.28 ) 
and exposing the left crus of the diaphragmatic crura. Larger 
short gastric vessels maybe clipped (Fig.  15.29 ). Care must be 
taken to avoid bleeding or injury to the spleen. We routinely 
use a 40 French bougie to assure adequate sizing of the 
sleeve; however this is not standardized and varies from 

  Figure 15.21    Closing the EEA circular stapler to create the anasto-
mosis ( A  gastric pouch,  B  jejunum)       
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 center to center. The stapling of the stomach is started at 5 cm 
proximal to the pylorus (Fig.  15.30 ) and taken superiorly 
toward the left crus. The initial staple firing should have 
4.4 mm height staplers (Fig.  15.31 ). The use of staple line 
reinforcement strips is optional. Subsequent firings are done 
with 4.1 mm height staplers (Fig.  15.32 ), transitioning to 
3.5 mm height staplers in the proximal gastric body and fun-
dus (Fig.  15.33 ).

           The specimen stomach is placed in the LUQ. The staple 
line is inspected for bleeding. The sizing bougie is removed 
and a leak test is done using an oro-gastric tubing connected 
to 1 l flow of oxygen. The resected stomach (Fig.  15.34 ) is 
removed through the 12 mm port. The staple line is sewn 
back to the divided gastrocolic ligament (Figs.  15.35  and 
 15.36 ). All ports are removed under direct visualization to 
ensure that there is no abdominal wall bleeding. The fascia is 

  Figure 15.22    Closing and excising excess bowel ( A ) using an 
 endoscopic linear cutting stapler ( Arrow  pointing to the 
 gastrojejunostomy)       
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closed at all trocars over 10 mm. Local anesthesia is infil-
trated and the skin edges approximated using subcuticular 
4-0 monocryl suture. Sterile dressings are applied.

          Comparative Effectiveness of RYGB 
and Sleeve Gastrectomy 

 Two large studies compared the results of RYGB, SG and also 
laparoscopic adjustable gastric banding (AGB) operations. 

 One study, from the American College of Surgeons- 
Bariatric Surgery Center Network accreditation program, 
reported outcomes in 28,616 patients [ 62 ]. Weight loss, mea-
sured as reduction in BMI, and resolution or improvement in 
T2DM were significantly better for RYGB (reduction in 
BMI: 15/resolution in T2DM: 83 %) than for SG (reduction 

  Figure 15.23    Placing 2 stiches at the corners of the anastomosis 
( Arrows ), ( A  gastric pouch,  B  jejunum)       
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in BMI: 12/resolution in T2DM: 55 %) and AGB (reduction 
in BMI: 7/resolution in T2DM: 44 %). AGB had the lowest 
rate of peri-operative complications and SG had a lower 
reoperation/intervention rate compared to RYGB, though 
RYGB and SG procedures had similar risk-adjusted morbid-
ity and readmission rates. 

 The other study came from the Michigan Bariatric Surgery 
Collaborative Group [ 63 ], in which 2,949 SG patients were 
matched with equal numbers of RYGB and AGB patients on 
23 baseline characteristics. Outcomes studied were perioper-
ative 30 day complications, weight loss, quality of life, and 
comorbidity remission at 1, 2, and 3 years after operation. 
Overall complication rates in SG patients (6.3 %) were sig-
nificantly lower than for RYGB (10.0 %, p < 0.0001) but 
higher than for AGB (2.4 %, p < 0.0001). An interesting find-
ing was that serious complication rates were similar for SG 
(2.4 %) and RYGB (2.5 %, p = 0.7) but higher than for AGB 

  Figure 15.24    Gastrojejunostomy – Final aspect ( Arrow ), ( A  gastric 
pouch,  B  jejunum)       

 

A. Elian et al.



245

(1.0 %, p < 0.0001). Excess body weight loss (EBWL) at 1 
year was lower for SG compared to RYGB (EBWL: SG, 
60 % vs RYGB, 69 %, p < 0.0001), but was 77 % higher for SG 
than for AGB (EBWL for AGB was only 34 %, p < 0.0001). 
Remission of obesity-associated diseases was similarly closer 
in between SG and RYGB and superior to AGB. 

 Lastly, a prospective randomized trial compared SG to 
RYGB and best medical therapy [ 64 ]. It studied 150 patients 
with a BMI greater than 30 and with T2DM. RYGB had bet-
ter weight loss than SG at 1 year (BMI reduction: RYGB, 10 
vs. SG, 9, p = 0.03), but similar rates of T2DM remission 
(RYGB: 42 % vs. SG: 39 %, p = 0.59). 

 Due to the preservation of the pyloric sphincter, continu-
ing duodenal contact with food bolus and absence of mesen-
teric defects, SG is not associated with rare complications 
seen long-term with RYGB, such as marginal ulcers and 
internal hernias. SG is also an attractive alternative for 
patients who may be candidates for organ transplant since it 

  Figure 15.25    Port placement for laparoscopic sleeve gastrectomy 
( A  5 mm trocar,  B  12 mm trocar,  C  11 mm trocar)       
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a

b

  Figure 15.26    Dividing the gastrocolic ligament and mobilization of 
the stomach ( A  liver,  B  pylorus,  C  stomach,  D  gastrocolic ligament)       

 

A. Elian et al.



247

a

b

  Figure 15.27    Division of the gastrocolic ligament and right 
gastroepiploic arcade ( A  stomach,  B  right gastroepiploic arcade, 
 C  lesser sac)       
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a

b

  Figure 15.28    Division of the gastrocolic ligament and right gastro-
epiploic arcade all the way to the angle of HIS ( A  stomach,  B  right 
gastroepiploic arcade,  C  spleen)       
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a

b

  Figure 15.29    Dividing the short gastric vessels ( Arrow ), ( A  stomach, 
 B  spleen,  C  angle of His)       
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preserves normal alimentation pathway for absorption of 
oral medications [ 65 ]. SG is an irreversible procedure, 
whereas RYGB and AGB can be reversed. 

 The decision-making process to choose the optimal pro-
cedure for a specific patient is complex and should take 
into account all individual characteristics such as age, 
obesity- associated diseases, performance status and body 
habitus. Patients’ preferences should be also taken into 
consideration, but a genuine effort should always be made 
to inform patients of the known expected benefits and risks 
of the available operative procedures, including the 
accepted literature as well as the individual surgeon and 
center experience.     

  Figure 15.30    The  arrow  points to the starting point of stomach 
transection ( A  liver,  B  pylorus)       

 

A. Elian et al.



251

a

b

  Figure 15.31    The initial staple firing using a linear cutting stapler 
( A  GIA stapler with 4.4 mm height staplers,  B  stomach)       
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  Figure 15.32    Stapling of the stomach body with 4.1 mm height 
 staplers ( A )         

a

b
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Figure 15.32 (continued)

c

d
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  Figure 15.33    Stapling of the fundus of the stomach with 3.5 mm 
height staplers ( A ), ( B  fundus,  C  spleen)         

a

b
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c

d

Figure 15.33 (continued)
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  Figure 15.34    Sleeve gastrectomy – final aspect       
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  Figure 15.35    Securing the divided gastrocolic omentum to the lat-
eral side of the Sleeve. ( A  stomach,  B  omentum)         

a

b
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c

d

Figure 15.35 (continued)
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a

b

  Figure 15.36    Securing the divided gastrocolic omentum to the lat-
eral side of the Sleeve and final aspect of the operation. ( A  stomach, 
 B  omentum)       
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    Abstract     Resection of the esophagus and proximal stomach 
followed by reconstruction to reestablish gastrointestinal 
continuity with a gastric pull-up or other conduit is a com-
plex, multi-step operation that requires considerable atten-
tion to detail. An understanding of the surgical anatomy 
of the esophagus as it courses through the neck, chest, and 
 abdomen is critical, as well as knowledge of the functional 
changes that occur with this radical change in anatomy. 

 Esophagectomy is still associated with significant risk of 
morbidity and mortality, with postoperative morbidity rates 
of 30–60 % reported in large case series from high volume 
centers. A technically sound operation, as well as attentive 
postoperative care and patient education are crucial in order 
to minimize the risk of post-esophagectomy complications. In 
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this Chapter we present indications for esophageal resection, 
standards in pre-operative evaluation and describe common 
surgical techniques and specific complications.  

  Keywords     Esophagectomy   •   Esophageal cancer   • 
  Complications   •   Esophageal adenocarcinoma   •   Ivor Lewis 
esophagectomy  

        Introduction 

 Esophagectomy is considered by many to be one of the most 
complex and technically challenging gastrointestinal operations 
performed today. Resection of the esophagus and proximal stom-
ach followed by reconstruction to reestablish gastrointestinal 
continuity with a gastric pull-up or other conduit (colon or jejunal 
interposition) is a complex, multi- step operation that requires 
considerable attention to detail. An understanding of the surgical 
anatomy of the esophagus as it courses through the neck, chest, 
and abdomen is critical, as well as knowledge of the functional 
changes that occur with this radical change in anatomy. 

 Esophagectomy is associated with significant risk of morbid-
ity and mortality. In 1941, Ochsner and Debakey reported a 
staggering mortality rate of 72 % in one of the earliest, large 
series of esophageal resections [ 1 ]. Fortunately, with improve-
ments in surgical and anesthetic technique, patient selection, 
nutritional support, and critical care, mortality rates have 
declined significantly. A review of 46,692 esophagectomies per-
formed between 1980 and 1988 reported a decrease in mortality 
to 13 % [ 2 ]. A hospital volume relationship has also been estab-
lished, with mortality rates reported as high as 23.1 % in “low-
volume” centers and as low as 8.1 % in “high-volume” centers 
[ 3 ]. More recently, in 2009 an analysis of 2,315 esophagectomies 
registered in the Society of Thoracic Surgeons’ General Thoracic 
Database reported a mortality rate of 2.7 % for patients treated 
primarily at tertiary referral centers [ 4 ]. Minimally invasive 
approaches to esophagectomy have been developed in hopes of 
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further improving outcomes. Luketich and colleagues reported 
a mortality rate of only 0.9 % in a series of 1,011 patients 
selected for laparoscopic and thoracoscopic esophagectomy [ 5 ]. 

 Postoperative morbidity rates of 30–60 % have been reported 
following esophagectomy [ 6 ]. The most common major compli-
cations are pulmonary in nature, occurring in approximately 
20–40 % of patients, including pneumonia, empyema, and respi-
ratory failure [ 6 ]. Anastomotic leaks occur in roughly 10–20 % 
of cases, with varying degrees of severity and resulting morbid-
ity [ 6 ,  7 ]. Other less common major complications include pul-
monary embolism, myocardial infarction, chylothorax, vocal 
cord palsy, gastric outlet obstruction and gastric conduit isch-
emic complications. Common minor complications include 
supraventricular arrhythmias and wound infections. 
Anastomotic strictures, delayed gastric emptying, and dumping 
syndrome are complications that occur in the late postoperative 
period. A technically sound operation, as well as attentive post-
operative care and patient education are crucial in order to 
minimize the risk of post- esophagectomy complications.  

    Indications 

 Esophagectomy is most commonly performed for the treatment 
of esophageal cancer. Invasive adenocarcinoma and squamous 
cell carcinoma of the middle and distal esophagus without evi-
dence of metastatic disease are standard indications for esopha-
geal resection. Patients with evidence of locoregional nodal 
metastases, tumors invading the muscularis propria (T2), and 
tumors invading into the periesophageal adventitia (T3) are 
typically offered neoadjuvant chemoradiation therapy prior to 
resection. Tumors invading surrounding structures (T4) that can 
be completely resected, such as those invading the diaphragm, 
may also be considered for resection following neoadjuvant 
therapy. Barrett’s esophagus with high-grade dysplasia (HGD) 
was previously considered an indication for esophagectomy, as 
many older series reported presence of invasive cancer in the 
resected  specimen in as many as 50 % of patients initially 
thought to only have HGD. However, with improvements in 
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endoscopic and imaging technology, endomucosal resection 
(EMR) and/or radiofrequency ablation is now preferred over 
resection if the lesion can be completely removed with negative 
margins [ 8 ]. Multi-focal HGD within a long segment of Barrett’s 
esophagus and HGD not amenable to complete endomucosal 
resection or ablation can be considered for esophagectomy 
given the increased risk for occult invasive carcinoma within the 
areas of dysplasia. Esophagectomy may also be considered for 
palliation of unresectable patients who are unable to tolerate 
oral/enteral intake or for those treated with definitive chemora-
diation therapy that subsequently present with local recurrence. 
However, only a select few are able to tolerate a procedure of 
this magnitude given their debilitated state and higher risk of 
morbidity and mortality for what is commonly referred to as 
“salvage esophagectomy” [ 9 ]. Other less invasive therapies, such 
esophageal stenting and photodynamic therapy, are often better 
options for this patient population. 

 Though much less common, esophagectomy may be con-
sidered for the management of severe benign esophageal 
disease, such as end-stage achalasia, multiple failed prior anti- 
reflux procedures, strictures not amenable to dilation, and 
unrepairable esophageal perforations or those associated 
with underlying esophageal pathology (stricture, end-stage 
achalasia) [ 10 ]. The basic approach to esophagectomy remains 
the same with the exception of omitting the celiac and medi-
astinal lymph node dissection that is critical in patients 
undergoing resection for malignant disease.  

    Preoperative Evaluation 

 Preoperative work-up should include a physiologic assessment 
of the patient to determine their candidacy for resection, includ-
ing cardiac risk stratification and selective pulmonary function 
testing (i.e., heavy smokers, known chronic pulmonary disease). 
All cases of suspected cancer should have tissue diagnosis 
obtained by biopsy with upper endoscopy, as well as a CT-PET 
scan and endoscopic ultrasonography for appropriate staging. 
Patients treated with neoadjuvant therapy are typically restaged 
with a CT or PET-CT approximately 4 weeks after completion 
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of therapy to assess treatment effect and to rule out distant 
metastatic disease that would preclude resection. Nutritional 
status should be assessed by history and laboratory data (albu-
min, prealbumin) prior to treatment. If adequate caloric intake 
cannot be maintained, a feeding jejunostomy tube should be 
considered preoperatively (or prior to neoadjuvant therapy) 
and surgery delayed until the patient has been nutritionally 
optimized. Upper endoscopy is recommended immediately 
prior to or at the time of operation to note the exact location of 
pathology. The proximal and distal extent of tumor, extent of 
Barrett’s esophagus, and presence of other pathology should be 
noted. Significant extension of tumor beyond the cardia of the 
stomach may require a gastrectomy for complete resection and 
colon interposition for reconstruction. Bronchoscopy is recom-
mended for mid- esophageal squamous cell cancers, which are 
notorious for invasion into the airway (and therefore unresect-
able). Diagnostic laparoscopy or thoracoscopy should be consid-
ered in cases where there is a question of resectability. Patients 
with evidence of unresectable malignant disease or those who 
are unable to tolerate surgical resection should be referred for 
definitive chemoradiation therapy. 

    Operative Approach 

 A variety of esophagectomy surgical techniques have been 
described over the last century, all of which remain in use today. 
Each technique uses a different combination of approaches to 
the esophagus in order to accomplish the main steps of esopha-
gectomy: esophageal and gastric mobilization, lymphadenectomy 
(in the case of malignant disease), resection of the esophagus and 
proximal stomach, reestablishment of gastrointestinal continuity 
(reconstruction), and adjuvant procedures (i.e. pyloric emptying 
procedure, feeding tube placement). The details of the most com-
mon techniques (i.e. Ivor Lewis, McKeown, Transhiatal, Sweet, 
and Minimally Invasive Esophagectomy) are reviewed later in 
this chapter, along with the advantages and disadvantages of 
each. The operation can be separated into stages based on the 
approach (neck, chest, or abdomen). The basic steps performed 
in each stage are similar, regardless of the technique used.  
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    Abdomen 

 The abdominal portion is required for any esophagectomy, 
regardless of technique, and the basic steps are similar. These 
steps can be accomplished via an upper midline laparotomy, 
paramedian laparotomy (as part of a thoracoabdominal inci-
sion), or by laparoscopy. First, the abdomen is explored to rule 
out metastatic disease with careful attention paid to the liver, 
omentum, and peritoneum. Diagnostic laparoscopy may be 
performed first to avoid an unnecessary laparotomy should 
distant metastatic disease be encountered. The left lobe of the 
liver is retracted to expose the esophageal hiatus. The gastrohe-
patic ligament is opened to expose the right crus (Fig.  16.1 ), 
taking care to preserve a replaced left hepatic artery if present; 
an accessory left hepatic artery may be divided. The phreno-
esophageal ligament is opened and the esophagus is mobilized 
circumferentially from the hiatus. The intrathoracic esophagus 
is mobilized, sweeping all periesophageal tissue toward the 
esophagus (Fig.  16.2 ). Borders of this dissection include the 

  Figure 16.1    Division of the gastrohepatic ligament ( A  caudate lobe, 
 B  right crus,  C  divided gastrohepatic ligament,  D  esophageal hiatus)       
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A

b

  Figure 16.2    Esophageal mobilization from the abdomen. The  upper 
picture  demonstrates dissection along the pericardial plane anteri-
orly ( A  right crus,  B  pericardium,  C  distal esophagus) and the  lower 
picture  demonstrates dissection along the aortic plane posteriorly 
( D  aortic plane,  E  left crus)       
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pericardium anteriorly, the aorta posteriorly, and the right and 
left pleura laterally. The short gastric vessels are then divided to 
mobilize the greater curve of the stomach. Care must be taken 
to identify and preserve the right gastroepiploic arcade, which 
will be the sole blood supply of the gastric conduit (Fig.  16.3 ). 
The gastrocolic attachments are divided from left to right 
beyond the pylorus, maintaining a distance of at least 1–2 cm 
from the right gastroepiploic vascular arcade. The stomach is 
retracted anteriorly and the posterior gastric attachments are 
divided, avoiding injury to the pancreas and splenic artery. The 
left gastric pedicle is then divided at its origin, making sure to 
mobilize all fatty and lymphatic tissue toward the specimen 
before division (Fig.  16.4 ). The right gastric artery may be pre-
served. Lymphatic tissue is also dissected off the superior aspect 
of the splenic artery and swept toward the specimen to obtain 
an adequate celiac lymphadenectomy. After the stomach has 
been completely mobilized, the pylorus should easily reach the 
right crus. If this is not the case, a Kocher maneuver is per-
formed to gain additional mobilization/length. If desired, a 

  Figure 16.3    Right gastroepiploic arcade       
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  Figure 16.4    Division of the left gastric pedicle ( A  left gastric pedi-
cle,  B  divided left gastric pedicle,  C  esophageal hiatus)       

a

b
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gastric-emptying procedure is then performed (i.e., pyloromy-
otomy or pyloroplasty). Next, the gastric conduit is fashioned. 
The staple line is typically started at the third branch of the 
right gastric artery (Fig.  16.5 ). A linear stapler with a vascular 
load is placed across the lesser omentum, directed toward the 
lesser curve of the stomach, and deployed. The gastric tube is 
then created by orienting the stapler parallel to the greater 
curve and marching proximally with serially  firings of the sta-
pler, ending to the left of the esophagus (Fig.  16.6 ). Width of the 
conduit is varies by surgeon preference. A feeding jejunostomy 
tube is then placed, if desired (Fig.  16.7 ). Drains are typically 
not needed after completing the abdominal stage. If a cervical 
anastomosis is to be performed, the abdomen is left open and 
the neck dissection is begun. If an intrathoracic anastomosis is 
chosen, the conduit it secured to the specimen for later retrieval 
in the chest and the abdomen is closed.

  Figure 16.5    Branches of the right gastric artery along the lesser 
curve of the stomach       

 

R.A. Macke and G.M. Campos



275

             Chest 

 A transthoracic approach is used for the Ivor Lewis, 
McKeown, and Minimally Invasive Esophagectomy (MIE) 
techniques. The basic principles for safe dissection are the 
same whether performed via thoracotomy, thoracoscopy or 
robotically. Esophageal mobilization and creation of an 
intrathoracic anastomosis is typically performed through the 
right chest. After the right lung has been isolated, the infe-
rior pulmonary ligament is divided and the lung is retracted 
away. Esophageal mobilization is begun by opening the 
mediastinal pleura at the junction of the pleura and the lung, 
anterior to the esophagus, from the diaphragm proximally to 
the azygous vein. Periesophageal tissue is then swept off the 
avascular plane along the pericardium toward the esopha-
gus (Fig.  16.8 ). Dissection is carried superiorly from the 

  Figure 16.6    Creation of the gastric conduit ( A  gastric conduit,  B  speci-
men including proximal stomach and distal esophagus)       
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b

  Figure 16.7    Laparoscopic jejunostomy tube placement. The  upper 
picture  demonstrates a loop of jejunum approximately 40 cm distal 
to the ligament of Treitz tacked up to the abdominal wall. A jejunos-
tomy feeding tube is passed into the distal limb. The  lower picture  
demonstrates completion of the jejunostomy tube with an anti- 
torsion stitch placed 3 cm from the tube entry site       
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inferior pulmonary vein, keeping dissection on the posterior 
aspect of the pericardium, until the bronchus intermedius is 
encountered. The airway is then traced back to the right 
main stem bronchus and subcarinal lymph node packet, 
which is harvested en bloc. The left main stem bronchus 
should then come into view. Care must be taken to avoid 
excess use of energy in this area to minimize the risk of ther-
mal injury to the airway; therefore bronchial arterial 
branches should be clipped and divided rather than cauter-
ized. The vagus nerve is encountered as dissection is carried 
proximally, which is divided close the esophagus to avoid 
traction injury to the right recurrent laryngeal nerve (RLN). 
The azygous vein is divided as it crosses over the esophagus 
to empty into the superior vena cava (Fig.  16.9 ) to facilitate 
mobilization of the esophagus up to the thoracic inlet 

  Figure 16.8    Mobilization of the intrathoracic esophagus along the 
pericardial plane ( A  esophagus,  B  periesophageal fat and lymph 
nodes,  C  pericardium)       
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(Fig.  16.10 ). The mediastinal pleura overlying the posterior 
aspect of the esophagus is then opened from diaphragm to 
thoracic inlet. Posterior mobilization is carried out until the 
anterior/medial plane of dissection is met. Lymphatic and 
aortoesophageal branches along the  posterior aspect of the 
esophagus should be clipped and divided. The posterior dis-
section should stay close to the esophagus to avoid injury to 
the main thoracic duct that lies within the fat posteriorly. 
Once the esophagus has been circumferentially mobilized, 
the conduit is retrieved from the abdomen and brought up 
into the chest. The esophagus is then transected proximal to 
the tumor to achieve appropriate margins. Intraoperative 
endoscopy may be performed to confirm the appropriate 
point of transection. The specimen is then removed and mar-
gins are checked by frozen section (Fig.  16.11 ). The esopha-
gogastric intrathoracic anastomosis is then performed 

  Figure 16.9    Division of the azygous vein as it arches over the 
esophagus ( A  esophagus,  B  azygous vein,  C  lung)       
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(discussed below). Drains and/or chest tubes are placed. If a 
cervical anastomosis is planned, the esophagus is not tran-
sected and only mobilization of the esophagus is carried out. 
The patient is then  repositioned to perform the abdominal 
and cervical stages of the procedure.

          Neck 

 A cervical approach is used for the Transhiatal, Sweet, and 
McKeown techniques. The MIE may also be performed with 
a cervical anastomosis. The left neck is preferred because of 
the more reliable, vertical course of the left RLN and because 
the esophagus is slightly deviated to the left in the neck. 
Injury to the RLN occurs primarily by excessive traction or 

  Figure 16.10    Mobilization of the intrathoracic esophagus up to the 
thoracic inlet ( A  esophagus,  B  divided azygous vein,  C  left main 
stem bronchus,  D  right main stem bronchus,  E  lung)       
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thermal injury from excessive electrocautery use. A 5–6 cm 
incision is made along the medial border of sternocleidomas-
toid muscle (SCM). The platysma is first divided and flaps are 
raised, followed by mobilization of the SCM laterally. Strap 
muscles are retracted medially. The anterior belly of the omo-
hyoid muscle is typically divided. Dissection is continued 
medial to the internal jugular and carotid artery, retracting 
the vessels laterally with the SCM. The middle thyroid vein 
and inferior thyroid artery may be divided if needed for 
exposure. The thyroid and trachea are retracted medially and 
dissection is continued posteriorly down to the spine. The 
posterior aspect of the cervical esophagus is mobilized from 
the prevertebral fascia with blunt finger dissection until the 
esophagus can be hooked with the dissecting finger and 
retracted laterally into the wound (Fig.  16.12 ). The anterior 
aspect of the esophagus is carefully dissected away from the 
trachea, keeping dissection directly on the esophagus to 

  Figure 16.11    Esophagogastrectomy specimen opened on the back 
table to check gross margins prior to being sent for frozen section 
( A  esophageal mucosa,  B  tumor,  C  gastric mucosa)       
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avoid injury to the RLN in the tracheoesophageal groove. 
Circumferential mobilization of the esophagus is carried dis-
tally into the thoracic inlet until the distal plane of dissection 
performed from the chest or abdomen is met. The esophagus 
can then be transected and the specimen removed through 
the abdominal or neck wound. Once the conduit has been 
passed up from below, the anastomosis can then be created 
(discussed below). The neck is closed in layers and a closed 
suction drain is placed next to the anastomosis.

       Esophagogastric Anastomosis 

 Numerous techniques have been described for creation of 
the esophagogastric anastomosis, including hand-sewn, sta-
pled, and combined techniques. If the proximal extent of 
disease is above 25 cm, a cervical anastomosis is recom-
mended to assure adequate margins. Either a cervical or 
intrathoracic anastomosis can be performed for disease distal 

  Figure 16.12    Left neck incision demonstrating exposure of the 
proximal esophagus       
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to 25 cm. The gastric conduit must pull up easily into the neck 
or chest to reach the transected esophagus without tension. 
However, pulling up excessive conduit can result in a redun-
dant conduit that empties poorly.  

    Hand-sewn Anastomosis 

 A hand-sewn technique may be used for either a cervical or 
intrathoracic anastomosis. Most favor a two-layered anasto-
mosis when the hand-sewn technique is used. The tip of the 
gastric conduit is opened anteriorly approximately 2 cm 
from the stapled edge. Full-thickness corner stitches are 
placed at 3 and 9 o’clock to approximate the transected 
esophagus and gastrotomy. The anastomosis is then started 
with interrupted 3–0 or 4–0 absorbable suture, taking sero-
muscular bites on the stomach side and muscularis propria 
(longitudinal and circular layers) on the esophageal side to 
create the outer layer back row. The inner layer is then con-
structed by placing interrupted simple sutures around the 
entire circumference with full-thickness bites on the stom-
ach side and only mucosa on the esophageal side. The ante-
rior, outer layer is then performed to complete the 
anastomosis. The anastomosis may also be done with a con-
tinuous, running technique.  

    Linear Stapled Anastomosis 

 A side-to-side linear-stapled technique may also be used to 
create either a cervical or intrathoracic anastomosis. The con-
duit must have 4–5 cm of overlap with the proximal esopha-
gus. A gastrotomy is made on the anterior aspect of the 
conduit, approximately 5 cm from the tip. The esophagus is 
transected with an oblique angle (anterior aspect left longer 
than the posterior). The esophagus is overlapped with the 
gastric conduit (esophagus anterior to the conduit). Stay 
sutures are placed at the anterior corner of the esophagus 
and another from the posterior corner of the esophagus to 
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the superior corner of the gastrotomy. A 3 cm linear stapler is 
positioned with one jaw in the esophagus and the other in the 
conduit with the tip of the stapler directed cephalad, then 
fired. The remaining open portion is closed with two running 
full-thickness sutures followed by an outer interrupted, cir-
cumferential seromuscular layer.  

    EEA/End-to-Side Stapled Anastomosis 

 An end-to-side stapled technique may be used for creation of 
an intrathoracic anastomosis and is the authors’ favored 
technique [ 11 ]. The esophagus is divided at the desired level, 
typically superior to the divided azygous vein, with a linear 
stapler (Fig.  16.13 ). We prefer to use a 25-mm Orvil anvil 
(OrVil, Autosuture, Norwalk, CT, USA), which is a device 
that mounts the anvil on a 90-cm long polyvinyl chloride 

  Figure 16.13    Division of the proximal esophagus above the azygous 
vein to complete the esophageal resection       
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delivery tube. The delivery tube is passed transorally, similar 
to a nasogastric tube, and advanced into the remaining proxi-
mal esophagus. A small opening is made in the center of the 
staple line of the divided esophageal stump and the delivery 
tube is pulled distally until the anvil shaft protrudes through 
the esophagotomy and the anvil head is seated in the distal 
stump (Fig.  16.14 ). The delivery tube is detached by cutting 
the securing stich and the tube is removed. The gastric con-
duit is then pulled up further into the chest to assure that it 
will reach the proximal esophagus. The tip of the conduit is 
opened parallel to the staple line enough to allow the head of 
a 25-mm EEA stapler (EEA XL 25-mm with 4.8-mm staples, 
autosuture, Norwalk, CT, USA) to be inserted (Fig.  16.15 ). 
Once the stapler head has been inserted into the gastrotomy, 
the conduit is pulled onto the stapler for a few centimeters. It 

  Figure 16.14    Passage of the delivery tube through the proximal esoph-
ageal stump for anvil placement using the OrVil device ( A  esophageal 
stump,  B  delivery tubing)       
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  Figure 16.15    The gastric conduit is pulled up into the chest and 
opened along the staple line at the tip ( a ) the conduit is oriented 
with the staple line to the patient’s right (facing the surgeon) ( b ) the 
EEA stapler head is then inserted into the conduit lumen ( c ) and 
the conduit is pulled up onto the stapler neck ( d )         

a

b
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c

d

Figure 16.15 (continued)
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is important to avoid twisting of the conduit once the stapler 
head is inserted, keeping the staple line to the patient’s right 
(Fig.  16.15 ). The stapler pin is then brought out through the 
wall of the conduit opposite the staple line and docked with 
the anvil (Fig.  16.16 ). The stapler is fired after making sure 
surrounding tissue has been cleared. Once the stapler has 
been removed, two complete anastomotic rings (one from 
the esophagus side and the other from the gastric side) 
should be removed from the stapler. This creates an end 
(esophagus) to side (conduit) anastomosis, which avoids 
using the gastric conduit tip (which is usually slightly isch-
emic). The excess conduit is then resected with a linear sta-
pler, making sure to avoid crossing of the staple lines 
(Fig.  16.17 ). The gastric conduit should appear well perfused 
and appropriately oriented with the staple line facing the 
surgeon (Fig.  16.18 ). Alternatively, the esophagus can be 

  Figure 16.16    The pin of the EEA stapler is brought out the side of 
the gastric conduit opposite the staple line and docked with the anvil 
that has been seated in the proximal esophageal stump ( A  gastric 
conduit,  B  EEA stapler pin,  C  anvil,  D  proximal esophageal stump)       
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transected with scissors and a 25-mm or 28-mm EEA stapler 
anvil is placed into the esophagus and secured with two purse 
string sutures. All layers of the esophagus, including the 
mucosa, should be incorporated into the purse string. Once 
the anvil is secured, the end-to-side esophagogastric anasto-
mosis is completed, as described above.

            Operative Techniques 

 Throughout the last century, a number of esophagectomy 
techniques have been popularized, including Transhiatal, Ivor 
Lewis, McKeown (or 3-hole), Sweet (or thoracoabdominal) 
and Minimally Invasive Esophagectomy (MIE) techniques. 
Significant controversy persists regarding which open 
approach is best. The MIE has been developed over the last 
two decades, but its definition remains vague (i.e. hybrid, 

  Figure 16.17    Once the end-to-side esophagogastric anastomosis is 
completed, the excess conduit/conduit tip is resected, making sure 
not to cross the staple lines ( A  excess conduit/conduit tip,  B  gastric 
conduit,  C  esophagogastric anastomosis,  D  proximal esophagus)       
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hand-assisted, laparoscopic, thoracoscopic, and robotic tech-
niques), making comparison with open approaches difficult. 
Factors to consider when deciding between these operative 
strategies include surgeon experience, tumor location, pulmo-
nary reserve, history of previous operations, indication 
(malignant or benign pathology), and availability of conduit 
for reconstruction. The basic principles and steps of each 
approach were reviewed previously. The steps specific to each 
technique and the strengths/ weaknesses of each are dis-
cussed in the following section.  

    Ivor Lewis Esophagectomy (ILE) 

 The ILE consists of an upper midline laparotomy followed by 
repositioning and right thoracotomy for resection and recon-
struction with an intrathoracic anastomosis. With the patient 
supine, the abdominal stage is performed first. After ruling 
out metastatic disease, the stomach is mobilized, the left 

  Figure 16.18    Complete end-to-side, intrathoracic esophagogastric 
anastomosis ( A  spine,  B  gastric conduit,  C  airway)       
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 gastric is pedicle divided and celiac lymphadenectomy are 
performed, the gastric conduit is created, and adjunct proce-
dures (i.e. pyloroplasty and J-tube) completed. The tip of the 
conduit is attached to the specimen for later retrieval in the 
chest. The abdomen is closed and the patient is repositioned 
in the left lateral decubitus position. Single-lung ventilation is 
initiated (a double-lumen endotracheal tube or bronchial 
blocker is required to isolate the right lung). Following right 
thoracotomy, the intrathoracic esophagus is mobilized and 
mediastinal lymphadenectomy is performed. The conduit is 
then pulled up into the chest, the esophagus is transected 
proximal to the disease, and the specimen is removed. The 
intrathoracic esophagogastric anastomosis is then performed. 
After the chest has been washed out, drains/chest tubes are 
placed and the chest is closed. 

 ILE is an ideal operative strategy for mid-esophageal and 
distal esophageal tumors, as this approach allows excellent visu-
alization for complete mobilization of the esophagus and lymph-
adenectomy. The number of lymph nodes harvested tends to be 
greater with a thoracic approach and the risk of vocal cord 
paralysis is lower by avoiding the neck dissection needed for a 
cervical anastomosis [ 5 ,  12 ]. Anastomotic leaks are less common, 
presumably due to less tension on the intrathoracic anastomosis 
in comparison to a cervical anastomosis where the conduit must 
be pulled up for a greater distance [ 12 ,  13 ]. Historically, intratho-
racic anastomotic leaks tended to result in greater morbidity 
due to associated mediastinal sepsis or empyema. However, 
appropriately placed drains and percutaneous drainage tech-
niques have resulted in less morbidity from intrathoracic leaks 
in the current era. Pulmonary complications and more postop-
erative pain are the primary negatives of the ILE, attributed 
mainly to the thoracotomy.  

    Transhiatal Esophagectomy (THE) 

 THE consists of an upper midline laparotomy combined with 
a left neck incision for creation of a cervical anastomosis. The 
patient is placed in the supine position and both the neck and 
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abdomen are prepped into the field. Only a single-lumen 
endotracheal tube is needed. The abdominal stage is carried 
out in similar fashion to the ILE, however much of the intra-
thoracic esophageal mobilization is performed by blunt dis-
section. As much of the esophageal mobilization as possible 
is performed under direct vision from the abdomen and neck 
to divide aortoesophageal branches and other attachments. 
The remaining mobilization is performed blindly with the 
surgeon’s left hand inserted through the neck incision and the 
right hand through the abdominal incision. Blunt dissection is 
performed to free up any remaining attachments until the 
dissection planes from above and below are met. Bleeding is 
not uncommon during the blunt dissection, as aortoesopha-
geal branches are blindly avulsed. However, most bleeding is 
stopped by packing the mediastinum. Once the esophagus is 
completely mobilized, it is divided in the neck proximally and 
the specimen is removed through the abdominal wound. The 
conduit is then brought up into the neck to create the cervical 
anastomosis. One technique used to bring the conduit up into 
the neck is to pass a Penrose drain or chest tube from the 
neck to the abdomen. The tip of the conduit is attached to the 
tube or drain and the conduit is then gently pushed/pulled up 
through the mediastinum and delivered into the neck. The 
cervical esophagogastric anastomosis is then performed. 

 THE is a useful technique for benign disease that does 
not require a lymphadenectomy, but may also be used for 
malignant lesions located in the middle and lower esopha-
gus. However, THE may be contraindicated for bulky 
tumors in the middle esophagus that may be adherent to 
mediastinal structures. Avoiding a thoracotomy has resulted 
in fewer pulmonary complications and less postoperative 
pain, which makes the THE an ideal approach for those with 
significant pulmonary disease [ 12 ,  13 ]. Operative time tends 
to be shorter, as there is no need to reposition the patient 
during the course of the procedure. Cervical anastomotic 
leaks tend to be associated with less morbidity, as simple 
opening of the wound is all that is needed in most cases and 
contamination of the mediastinum or pleural space is 
uncommon. Downsides of THE include harvesting of fewer 
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lymph nodes, greater blood loss, and higher incidence of 
injury to intrathoracic structures due to the blunt mediasti-
nal dissection [ 6 ,  12 ,  13 ]. Although cervical anastomotic 
leaks tend to be easier to manage in the peri-operative 
period and are associated with less morbidity, they occur 
more frequently and also develop strictures at a higher rate. 
The higher leak and stricture rate of cervical anastomoses 
are presumably from increased tension placed on the anas-
tomosis. The neck dissection also increases the risk of recur-
rent laryngeal nerve injury, which is commonly associated 
with postoperative aspiration.  

    McKeown (Three-Hole) Esophagectomy 

 Three incisions are required for the McKeown technique: a 
right thoracotomy, an upper midline laparotomy, and a left 
neck incision. The right chest is entered first to carry out 
mobilization of the intrathoracic esophagus and mediastinal 
lymphadenectomy. Once the esophagus has been mobilized, 
the chest is closed without dividing the esophagus. The patient 
is then placed in the supine position and the remainder of the 
procedure is carried out in similar fashion to the THE. However, 
blunt mediastinal dissection is not required, as the intratho-
racic esophagus has already been completely mobilized. 

 The McKeown esophagectomy has both the advantages 
and disadvantages of the ILE and THE. An additional inci-
sion increases the chance of wound complications and 
increased postoperative pain. A unique advantage to this 
technique is that pathology at any level can be addressed.  

    Sweet or Left Thoracoabdominal Esophagectomy 

 The Sweet technique utilizes a left thoracoabdominal incision 
and neck incision for creation of a cervical anastomosis, as the 
aortic arch prevents creation of a high intrathoracic anastomo-
sis. The patient is positioned in a modified right lateral decubi-
tus position with the abdomen and hips tilted slightly 
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posteriorly. Left lung is isolation is required. The incision 
extends from just below the scapular tip, along the 6th or 7th 
intercostal space, across the costal margin, and then obliquely 
onto the upper abdomen in a paramedian fashion. The abdom-
inal portion of the incision is made first and once resectability 
is confirmed, the thoracotomy is made and the incisions are 
connected by sharply dividing the costal margin. The dia-
phragm is incised circumferentially for 8–10 cm, leaving a 2 cm 
cuff for closure. This excellent exposure allows for completion 
of both the abdominal and chest stages through a single inci-
sion. After resection, the conduit is passed beneath the aortic 
arch and the cervical stage with a cervical anastomosis is com-
pleted. The diaphragm is closed and the costal margin is reap-
proximated with figure-of-eight sutures. The thoracoabdominal 
incision is then closed in layers after drains are placed. 

 The Sweet esophagectomy is ideal for locally advanced 
distal esophageal tumors, such as tumors invading the dia-
phragmatic hiatus, as this wide exposure provides optimal 
access to the hiatus and gastroesophageal junction (Fig.  16.19 ). 
The main disadvantages of this technique include increased 
postoperative pain owing to the large incision, as well as risk 
of costal arch dehiscence and diaphragm dysfunction.

       Minimally Invasive Esophagectomy (MIE) 

 The MIE is technically challenging and requires significant 
minimally invasive surgical expertise. The learning curve is 
steep with an estimated 35–40 MIE’s needed for a surgeon 
to become proficient from a technical and patient-care 
standpoint [ 14 ]. Although open esophagectomy techniques 
continue to be favored by the majority of surgeons today, 
the number of centers performing MIE continues to increase 
[ 6 ]. A totally minimally invasive esophagectomy is per-
formed with only laparoscopy and thoracoscopy, avoiding 
rib spreading, rib resection, or hand-assistance and is the 
authors’ favored technique when technically feasible. Hybrid 
 procedures are those in which either the abdominal phase 
or the thoracic phase is performed open. Alternatively, a 
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hand- assisted port may be added to facilitate the operation. 
The steps of the procedure are identical to that of the ILE if 
the anastomosis is to be placed in the chest. If a cervical 
anastomosis is needed, a neck incision is added and the 
steps are carried out in similar fashion to the McKeown or 
transhiatal esophagectomy techniques. Port size and loca-
tion is variable by surgeon. Five to six ports are typically 
used for the  abdominal stage and 4–5 ports are used for the 
chest stage (Fig.  16.20 ). A diaphragm retraction stitch placed 
in the tendinous portion of the diaphragm can be used to 
improve visualization of the distal esophagus during the 
thoracoscopic approach (Fig.  16.21 ). The specimen is 
removed through the neck wound for a McKeown or tran-
shiatal MIE, while one of the chest port sites is extended to 
4-cm and the specimen is removed without rib spreading for 
an Ivor Lewis MIE. Proper port placement is critical, mak-
ing sure ports are spaced  sufficiently enough apart to avoid 

  Figure 16.19    A left thoracoabdominal incision provides excellent 
exposure to the distal esophagus and hiatus       
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  Figure 16.20    Port placement for laparoscopic-thoracoscopic Ivor 
Lewis MIE. The  upper picture  demonstrates port placement for the 
laparoscopic approach to the abdomen. The  lower picture  demonstrates 
port placement in the right chest for the thoracoscopic approach       

a

b
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  Figure 16.21    Diaphragm stitch placed to improve visualization of 
the distal esophagus ( A  tendinous portion of diaphragm,  B  distal 
esophagus)       
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crossing of instruments and poor angles. The majority of 
images provided in this chapter were obtained from laparo-
scopic-thoracoscopic MIE’s, demonstrating the excellent 
visualization provided during these operations. A high-defi-
nition camera with an angled 30- or 45° scope typically pro-
vides the best views.

    Advantages and disadvantages are similar to the corre-
sponding open technique used for MIE. Additional advantages 
of the minimally-invasive approach include less postoperative 
pain, fewer pulmonary complications, less intraoperative blood 
loss, and shorter lengths of stay [ 5 ,  6 ,  15 ]. Although there is no 
absolute contraindication to MIE, relative contraindications 
include a history of multiple prior thoracic or abdominal sur-
geries, bulky T3 or T4 tumors, preoperative radiation therapy, 
and morbid obesity. Resectable T4 tumors invading surround-
ing structures are likely best approached in an open fashion. It 
is recommended that surgeons earlier on in their learning 
curve select early stage esophageal tumors, such as Barrett’s 
esophagus with HGD, T1 (invading the lamina propria or sub-
mucosa), or T2 (invading muscularis propria) lesions without 
previous neoadjuvant therapy.      
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    Abstract     While gastric and duodenal surgeries for peptic 
ulcer disease (PUD) were, until the late 1980s, among the 
most common general surgical procedures; now surgery is 
reserved for tumors, gastroparesis and infrequent compli-
cations of PUD such as perforation and obstruction. This 
dramatic change in the indications for gastric and duodenal 
surgery has occurred because of the discovery of Helicobacter 
Pylori as the main causative agent of PUD and the introduc-
tion of effective drug therapies to eliminate the bacteria and 
reduce gastric acid secretion. In this chapter we will detail the 
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indications and technical aspects of the most common gas-
tric and duodenal operations for complications of PUD and 
other benign and malignant gastric diseases. Duodenal sur-
gery for other indications is discussed elsewhere in this text.  

  Keywords     Peptic Ulcer Disease   •   Gastric ulcer   •   Duodenal 
perforation   •   Gastrointestinal bleeding   •   Gastric surgery   • 
  Duodenal surgery  

        Pyloroplasty 

    Indications 

 Current indications for a pyloroplasty include diabetic, idio-
pathic and post-surgical gastroparesis, pyloric stenosis from 
PUD and as a concurrent procedure with esophagectomy with 
gastric pull-up or truncal vagotomy. Gastroparesis is a challeng-
ing condition to treat and is frequently seen in patients with 
type I and type II diabetes; however the etiology of many 
patients’ gastroparesis remains unknown (idiopathic gastropa-
resis). Post-surgical gastroparesis is seen following truncal 
vagotomy for ulcer disease or following inadvertent vagotomy 
during procedures at the  gastro- esophageal junction such as 
laparoscopic hiatal hernia repair or anti-reflux procedures. In 
the past, peptic ulcer disease causing scarring of the pylorus and 
subsequent chronic gastric outlet obstruction was a common 
cause of delayed gastric emptying and an indication for pyloro-
plasty. However, the introduction of effective drug therapy to 
eradicate H. pylori as well as antihistamine agents and proton 
pump inhibitors has made this indication quite rare. 

 Drug therapy for diabetic, idiopathic or post-surgical gastro-
paresis is the first line of treatment, but often fails in alleviating 
patient’s symptoms that may require frequent hospital admis-
sions for re-hydration and intravenous medications. Other treat-
ment options for gastroparesis include insertion of feeding tubes 
(gastrostomy or jejunostomy), implantable gastric electrical 
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stimulation, endoscopic intrapyloric injection of botulinum 
toxin, or partial gastrectomy, but results vary significantly, and 
none are without the possibility for complications [ 1 ]. 
Pyloroplasty has also been used with some success in patients 
with diabetic or idiopathic gastroparesis [ 2 ]. 

 Pyloroplasty involves creation of a full thickness division 
of the pylorus and subsequent closure to open the pylorus 
and should be distinguished from pyloromyotomy. 
Pyloromyotomy is usually reserved for the treatment of 
pyloric stenosis in pediatric patients where only a partial 
thickness incision through serosa and muscular fibers is made 
while not opening the underlying mucosa. 

 There are three main techniques used to attempt to improve 
pyloric emptying: Heineke-Mikulicz and Finney pyloroplasties 
and Jaboulay gastroduodenostomy. In addition to treating 
poor gastric emptying, the Heineke-Mikulicz pyloroplasty is 
the preferred approach to duodenal bleeding from the gastro-
duodenal artery as provides access to the bleeding vessel while 
allowing subsequent closure without narrowing of the pylorus 
and proximal duodenum. The Finney pyloroplasty or Jaboulay 
gastroduodenostomy are preferred when scarring of the pylo-
rus (usually due to peptic ulcer disease) extends into the duo-
denal bulb and a more extensive surgical repair is required. 

 All pyloroplasties may be performed with an open 
approach through an upper midline incision or via laparos-
copy, depending on the indication and available expertise. All 
of these interventions have the possibility for complications 
such as leak, bile reflux, diarrhea and dumping symptoms.  

    Heineke-Mikulicz Pyloroplasty 

 A Heineke-Mikulicz pyloroplasty is the most common type of 
pyloroplasty performed. The anterior wall of the stomach and 
junction with the duodenum are identified. A Kocher maneu-
ver may be performed, to allow a tension free anastomosis, by 
incising the peritoneum lateral to the duodenum and dissect-
ing in the avascular plane posterior to the duodenal sweep. 

Chapter 17. Gastric and Duodenal Surgery



302

 Two stay sutures may be placed superiorly and inferiorly 
to the longitudinal axis of the pylorus. An incision is made 
starting approximately 2 cm proximal to the pylorus and pro-
ceeding longitudinally through the pylorus to a point 1 or 
2 cm distal on the duodenum. The bowel lumen is opened and 
examined; hemostasis is obtained (Fig.  17.1 ). In order to 
avoid narrowing the bowel lumen, the longitudinal incision is 
closed in a transverse fashion (Fig.  17.2 ). This is accomplished 
with a one or two layer closure. The inner layer is completed 
with a running or interrupted full-thickness stitch using 
absorbable monofilament suture, while the outer layer is 
completed using interrupted sero-muscular stitches (Fig.  17.3 ).

     As with other laparoscopic foregut procedures, patient 
positioning is critical. Low lithotomy position allows the sur-
geon to position themselves with better access to the area of 
interest. The laparoscope monitor should be positioned at the 
head of the surgical table. The technique is similar to that 
described in the open case however may benefit from 

  Figure 17.1    Laparoscopic pyloroplasty with longitudinal incision 
across pylorus ( A  duodenum,  B  pylorotomy,  C  stomach)       
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 placement of a liver retractor to assist in visualization. An 
endostitch or similar endoscopic suturing device maybe used 
to assist in intracorporeal suturing of the enterotomy. 

 Regardless of the approach used, care should be taken to 
avoid narrowing the gastric outlet with the closure of the 
enterotomy. If the cause of gastric outlet obstruction is 
unclear luminal biopsy should be taken at the time of the 
procedure.  

    Finney Pyloroplasty 

 A Finney Pyloroplasty is better suited to more extensive 
pyloric narrowing and is conceptually similar to a side-to-side 
bowel anastomosis. This technique can be used either with an 
open or laparoscopic approach. Mobilization of the duodenum 
by a Kocher maneuver is essential to allow approximation of 

  Figure 17.2    Closure of enterotomy proceeds transversely; retrac-
tion with atraumatic grasper replaces preplaced stay sutures 
( A  liver,  B  duodenum,  C  pylorotomy,  D  stomach)       
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the suture line without undo tension. An incision is made along 
the anterior wall of the stomach starting 5 cm proximal to the 
pylorus and extending longitudinally 5 cm distal on the duode-
num. A stay suture is placed at the pylorus superior to the 
incision; this will form the apex of the anastomosis. Another 
stitch then joins the distal end of the incision in the duodenum 
to the proximal end in the stomach thus approximating a cut 
edge of duodenum to a cut edge of stomach both posteriorly 
and anteriorly. These edges can then be anastomosed in one or 
two layers. Again care should be taken with two layer closure 
not to narrow the new lumen created.  

    Jaboulay Gastroduodenostomy 

 A Jaboulay gastroduodenostomy bypasses the area of pyloric 
narrowing and is best suited to cases where there is active 

  Figure 17.3    Completed pyloroplasty ( A  liver,  B  closed enterostomy, 
 C  stomach)       
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inflammation at the pylorus or the proximal duodenum or an 
extensive segment of narrowing. Mobilization of the duode-
num by a Kocher maneuver is also essential to allow 
 approximation of the suture line without undo tension. 
Following mobilization of the duodenum the pylorus is left 
intact and the most proximal area of healthy appearing duo-
denum is approximated to the distal antrum with a back wall 
of sero- muscular interrupted silk sutures which will form the 
second layer of the posterior aspect of the anastomosis. The 
approximated gastric and duodenal walls are then incised 
and a full thickness anastomosis is performed using absorb-
able monofilament suture. The second layer of the anterior 
aspect of the anastomosis is then completed with interrupted 
silk Lembert stitches.   

    Graham Patch 

    Indications 

 Perforated peptic duodenal ulcers remain a common cause of 
pneumoperitoneum, necessitating emergent surgical treat-
ment. Given the emergent nature of the patient’s presenta-
tion, as well as improvements in medical management of 
peptic duodenal ulcer disease, a Graham patch repair without 
any other surgical intervention to reduce gastric acid produc-
tion is usually preferred to treat perforated duodenal ulcers. 
For patients with a perforated gastric ulcer, a partial gastrec-
tomy is the optimal treatment, however if the patients clinical 
status will not allow a formal resection, a wedge resection 
may be performed. Given the risk that a gastric perforation 
represents a gastric cancer, simple closure is only an option 
when the patient’s condition is so poor that the surgeon 
judges it unsafe to proceed with either of the first two options. 

 A laparoscopic approach is safe when patient condition is 
stable and may decrease peri-operative morbidity [ 3 ]. Data 
from the National Surgical Quality Improvement Program 
demonstrated reduction in duration of inpatient stay with the 
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laparoscopic approach; however that finding is tempered by 
the fact that patients offered the open approach may have 
worse general medical condition at baseline [ 4 ].  

    Surgical Technique – Graham Patch 

 The traditional approach to the procedure is through an open 
upper midline incision although this may now be approached 
with laparoscopy. The wall of the stomach and duodenum are 
inspected for evidence of perforation. Once the defect is visu-
alized on the duodenum (Fig.  17.4 ), a healthy portion of 
omentum is identified and mobilized so it can reach the 
defect without tension. Interrupted full thickness stay sutures 
of silk, vicril or PDS are placed bridging the defect, taking 
care not to incorporate the posterior bowel wall (Fig.  17.5 ). 
These sutures are only approximated after the mobilized 

  Figure 17.4    Duodenal ulcer with perforation ( A  liver,  B  duodenal 
perforation,  C  duodenum)       
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 portion of omentum is brought on top of the perforation and 
then secured within the loop of the sutures as they are tied. 
The basic concept of the Graham Patch is to ‘patch’ the per-
foration with the omentum and not to close the defect by 
approximating it with the sutures. Attempts to close the per-
foration primarily may lead to duodenal stenosis or tearing of 
the inflamed tissues. Care is taken to avoid securing the 
omentum too tightly and compromising blood flow to the 
omental patch (Fig.  17.6 ). The abdominal cavity is then irri-
gated and suctioned clean.

     As is seen in other cases of foregut surgery, positioning of the 
operator to reach the superior portion of the abdomen is essen-
tial. The patient positioning should be performed as described in 
the preceding section. Standard laparoscopic sutures with a SH 
needle and 2 or 3-0 sutures should be used; the endostitch or 
similar laparoscopic suturing device should be avoided as their 
needles are bulkier and may disrupted the inflamed tissues.   

  Figure 17.5    Stay sutures placed across ulcer defect with wide full 
thickness bites ( A  duodenal ulcer,  B  liver,  C  stay sutures)       
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    Vagotomy and Antrectomy 

    Indications 

 Typically reserved for recalcitrant peptic ulcer disease, the 
use of vagotomy and antrectomy is rare nowadays as medical 
therapy has improved. While vagotomy with antrectomy is 
quite effective in cases of persistent peptic ulcer disease with 
an estimated rate of recurrence of 0–2 %, it has potential for 
substantial morbidity. Surgery is reserved for those patients 
with recalcitrant disease or contraindication to medical ther-
apy [ 5 ,  6 ]. When considering patients for surgical treatment of 
peptic ulcer disease, other causes of ulceration including neo-
plasm, Crohn’s disease and gastrinoma, should be excluded. 

 Vagotomy interrupts neural stimulation of acid secretion 
from parietal cells as promoted by acetylcholine release at 

  Figure 17.6    Completed graham patch ( A  tongue of omentum)       
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the cell membrane. Three types of vagotomy were commonly 
used; truncal, selective or highly selective vagotomy. The 
pylorus is denervated with a truncal vagotomy, necessitating 
a gastric emptying procedure such as a pyloroplasty. Selective 
or highly selective vagotomies are almost never used in cur-
rent surgical practice. 

 Antrectomy focuses on removing the site of gastrin pro-
duction from antral G cells which subsequently stimulates 
acid secretion. The sites of mucosal injury and ulceration 
may also be resected with antrectomy, further promoting 
cure.  

    Surgical Technique – Vagotomy 

    Truncal Vagotomy 

 Truncal Vagotomy focuses on identifying and dividing the left 
and right vagus above the level of the crura. This procedure 
has moved to the forefront of surgical management of peptic 
ulcer disease as the incidence of elective surgery for this 
problem fades and with it surgeon experience with selective 
vagotomy. Of note, this procedure warrants a concurrent gas-
tric emptying procedure as the pylorus is denervated along 
with the acid secreting parietal cells. 

 Via an upper midline laparotomy incision or laparoscopic 
surgery, the gastrohepatic ligament in incised and the esopha-
geal hiatus is identified. Phrenoesophageal attachments are 
divided and the esophagus is encircled. Gentle spreading 
along the anterior esophagus will reveal the left vagus nerve. 
The right vagus is identified tracking posteriorly alongside 
the esophageal wall. Each nerve should be isolated, clipped 
proximally and distally and a 1 cm segment resected between 
the clips and sent to pathology for review. The nerves must be 
transected above the level of the hiatus so as to ensure the 
criminal nerve of grassi does not remain intact and cause 
recurrence.   
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    Surgical Technique – Antrectomy 

 Antrectomy targets the site of gastrin production. At the 
completion of the procedure, the resected specimen should 
represent about 35 % of the total stomach. After visualizing 
the upper abdomen through an upper midline incision or via 
laparoscopy and retracting the liver, the gastrohepatic liga-
ment is incised and the left gastric artery is ligated. The gas-
trocolic ligament is carefully dissected proximal to the main 
gastroepiploic arcade. Branching vessels to the greater cur-
vature of the stomach are ligated. The dissection along the 
greater curve continues proximally to a point across 
the organo-axis from the incisura and distally to the pylorus. 
The stomach can then be transected proximally from the end 
of the proximal dissection along the greater curvature to the 
midpoint of the lesser curve. The antrum extends more 
proximally along lesser curve necessitating the more proxi-
mal resection on this aspect of the stomach. The antrum is 
then lifted anteriorly and dissected away from the pancreas 
posteriorly. The antrectomy is completed with transection of 
the duodenum just distal to the pylorus. A distal margin 
should be sent to confirm the presence of Brunner’s glands 
to avoid retained antrum. Kocherization of the duodenum 
may be a reasonable step prior to duodenal transection 
depending on the plan for reconstruction of continuity. 
Gastrointestinal continuity is restored either with a gastro-
duodenostomy (Billroth I anastomosis) or a gastrojejunos-
tomy (Billroth II or Roux-en-Y anastomosis).   

    Gastric Wedge Resection, Partial, Sub-total 
and Total Gastrectomy 

    Indications, Extent of Gastric Resection, 
Lymphadenectomy, and Reconstructions 

 Gastric neoplasms represent the most common indication for 
gastric resection. Masses in the stomach typically fall into one 
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of three groups: gastric adenocarcinoma, gastrointestinal 
stromal tumor (GIST) and lymphoma. While lymphoma is 
typically treated non-operatively, both GIST and adenocarci-
noma are indications for gastric resection. The majority of 
patients with gastric masses will present with epigastric full-
ness, dyspepsia, pain or bleeding. The evaluation of a gastric 
mass can include cross-sectional imaging with computed 
tomography, endoscopy with cold forceps biopsy, and/or 
endoscopic ultrasound with fine needle aspiration (FNA) 
biopsy [ 7 ]. 

 The extent of gastric resection and type of lymphadenec-
tomy should be chosen based on individual patient and 
tumor characteristics. Wedge resection is reserved for selected 
GIST that can be completely excised without a formal resec-
tion, partial gastrectomy can be used for GIST or rare com-
plications from PUD and subtotal or total gastrectomies are 
the preferred options for patients with gastric 
adenocarcinoma. 

 GISTs are rare tumors that are typically located in the 
stomach. These tumors arise from the cells of Cajal which are 
part of the autonomic nervous system of the stomach. These 
tumors express Kit protein, a tyrosine kinase receptor, and 
many express CD34. Diagnosis is confirmed with 
FNA. Surgery is indicated with goal of a grossly negative 
margin, and non-anatomical wedge resections are usually 
employed [ 8 ]. Care is taken to not to spill tumor contents 
during resection out of concern for seeding the peritoneal 
cavity. GISTs usually do not spread via the lymph system, 
therefore lymphadenectomy is not indicated. Imatinib mesyl-
ate is commonly used as neoadjuvant therapy from 3 to 6 
months to decrease tumor size and/or allow for wedge or 
complete resections. Imatinib is also used as adjuvant therapy 
after surgery in many cases. 

 The incidence of gastric adenocarcinoma has declined in 
the past century. Epidemiologic studies have linked this dis-
ease to a diet high in nitrates, lower socioeconomic status, 
Helicobacter pylori, chronic atrophic gastritis and Asian 
heritage. Gastric adenocarcinoma diagnosis is confirmed 
with endoscopic biopsy, and patients should be evaluated for 
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precise location and extent of the tumor and metastatic dis-
ease with computed tomography of the chest and abdomen. 
If no evidence of metastatic disease is found, endoscopic 
ultrasonography should be performed to assess depth of 
invasion and to evaluate regional lymph node basins. Should 
involvement of the aorta, vena cava or celiac axis be identi-
fied the tumor is considered unresectable [ 7 ]. 

 The extent of gastric resection is chosen based on tumor 
location. A sub-total gastrectomy is usually chosen for 
patients with tumors below the incisura angularis and at least 
6 cm from the GE junction. A total gastrectomy is typically 
needed for patients with tumor above the incisura angularis, 
in the gastric body or fundus or less than 6 cm from the GE 
junction. 

 Gastric adenocarcinoma readily metastasizes via the 
lymph system and lymphadenectomy is recommended dur-
ing surgical resection with curative intent. The extent of 
lymphadenectomy has been controversial for many years, 
and early data from studies performed in western countries 
(the Dutch D1D2 gastric cancer trial [ 9 ] and the MRC Trial 
[ 10 ]) showed that a more limited lymphadenectomy (D1) 
was associated with improved peri-operative outcomes and 
similar oncologic outcomes. However since that time, other 
studies and also a 15 year follow up of the Dutch D1D2 Trial 
have demonstrated a benefit to accurate staging and also to 
survival with a D2 lymph node dissection [ 11 – 14 ]. A D2 
lymph nodal dissection involves omentectomy with clear-
ance of the peri- gastric, hepatic artery, porta-hepatis, splenic, 
right gastroepiploic, sub-pyloric and base of left gastric 
artery/celiac lymph nodes. The addition of splenic hilum 
nodes (level 10), splenectomy and/or distal pancreatectomy, 
or a peri-aortic lymph nodal dissection (D3 lymph node dis-
section) has been shown to increase peri-operative morbid-
ity without improving survival [ 15 ]. As such, most centers 
specialized in gastric cancer treatment do advocate for a 
complete D2 lymphadenectomy (without level 10, splenec-
tomy and/or distal pancreatectomy) when performing gas-
trectomy for cancer with curative intent. 
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 After a formal resection of any extent (antrectomy, partial, 
sub-total or total gastrectomies), a reconstruction of enteric 
continuity may be accomplished by a gastroduodenostomy 
(Bilroth I), a gastrojejunostomy (Bilroth II or Roux-en-Y) or 
a esophagojejunostomy. With any form of pyloric resection 
and subsequent reconstruction, dumping syndrome may 
result and patients may experience postprandial diaphoresis, 
dizziness, flushing and palpitations. Another important tech-
nical aspect of any gastrectomy, is to ascertain that the distal 
transection site is actually made after the pylorus in the 
 pliable duodenum. If the distal transection is erroneously 
done before the pylorus, it will leave a small portion of gastric 
antrum; condition referred to as “retained antrum”. This 
becomes important when a BII or Roux-en-Y reconstruction 
is chosen as the G cells at the blind “retained” antral margin 
will not be exposed to any acid from the proximal stomach, 
thus leading to unopposed secretion of gastrin, that in turn 
may stimulate any remnant of parietal cell mass to secrete 
excess acid; leading to gastrojejunal ulcerations at the new 
reconstruction site. Paying close attention to surgical land-
marks and sending a distal resection margin for frozen sec-
tion to identify duodenal Brunner’s glands helps to avoid this 
complication. 

 In the setting of benign disease or disease allowing for 
only an antrectomy, a Bilroth I (BI) gastroduodenostomy 
reconstruction is preferred. This technique is almost never 
used nowadays, such are the paucity of cases in which it can 
be employed. Mobilization of the duodenum by a Kocher 
maneuver usually allows a BI gastroduodenostomy without 
undue tension. If unable to create a Bilroth I gastroduodenal 
anastomosis without tension, a Bilroth II or Roux-en-Y gas-
trojejunostomy must be used. 

 When a BII reconstruction is chosen, the first loop of jeju-
num after the ligament of Treitz that will comfortably reach 
the gastric remnant without tension is identified and mobi-
lized. One can chose a retrocolic or antecolic fashion and 
create the anastomosis on the anterior or posterior surface of 
the gastric remnant. A retrocolic approach produces the 
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shortest distance to the gastric remnant and a posterior anas-
tomosis may facilitate drainage. An antecolic limb may have 
a smaller risk of post-operative obstruction and may be pre-
ferred in gastric cancer cases in which local recurrence is 
possible. The gastrojejunostomy should be iso-peristaltic. The 
anastomosis may be performed with hand sewn, linear or 
circular-stapled techniques. A nasogastric tube may be placed 
and positioned through the gastrojejunostomy. 

 With a BII reconstruction bile always will flow through the 
gastric remnant and produces gastritis and in many patients 
epigastric pain. A Braun enteroenterostomy following Bilroth 
II may decrease the incidence of bile reflux [ 16 ]. Bile reflux 
is avoided with a properly done and functional Roux-en-Y 
reconstruction. If severe bile reflux symptoms develop fol-
lowing a Bilroth II, conversion to Roux-en-Y need be 
considered. 

 Obstruction following antrectomy with Bilroth II or Roux- 
en- Y reconstruction poses particular dangers. Obstruction of 
the afferent loop may occur due to a multitude of causes and 
lead to duodenal distension. Most concerning in the immedi-
ate post-operative period, afferent loop obstruction may 
progress to duodenal stump leak. The finding of acute affer-
ent loop distension is a surgical emergency. Operative correc-
tion of the inciting defect (redundant afferent limb, internal 
hernia, adhesions, volvulus) must be undertaken promptly.  

    Gastric Wedge Resection 

 In the setting of benign disease or GISTs an anatomic resec-
tion may not be necessary. Survival following GIST resection 
requires microscopically negative margins but a lymphade-
nectomy is usually not necessary [ 8 ]. As such as gastric wedge 
resection is an appropriate option when the disease is remote 
from the pylorus and gastroesophageal junction. Lesions 
located on the greater or lesser curve can be removed with 
relative ease laparoscopically with intraoperative endoscopy 
to assist in identifying the lesions. Anterior lesions may be 
elevated with stay sutures and similarly wedged with a linear 
stapler. Posterior lesions require dissection of the greater 
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curve from its attachments and elevation to allow the lesion 
to be isolated and removed with a linear stapler.  

    Subtotal Gastrectomy 

 The procedure begins with inspection of the peritoneal cavity 
and peritoneal washings which are sent for pathologic review. 
If evidence of metastasis is identified the case is halted. If no 
evidence of metastatic disease is identified, the procedure 
continues with omentectomy (Fig.  17.7 ). An endoscopic 
energy and vessel sealing device may aid in this dissection.

   The surgeon should divide the left gastric, right gastric and 
right gastroepiploic vessels at their base and excise the sur-
rounding lymph node basins. The base of the right gastroepi-
ploic vessels is exposed by elevating the right gastroepiploic 
arcade and the greater curvature of the stomach (Fig.  17.8 ). 
The right gastroepipolic is divided at its base and the lymph 
nodes in this region are taken with the gastric specimen 
(Fig.  17.9 ). To reach the left gastric artery vessels, the gastro-
hepatic ligament is incised in the lesser curve of the stomach 
(Fig.  17.10 ). The left gastric artery and vein are divided at 

  Figure 17.7    Omentectomy ( A  liver,  B  omentum,  C  transverse colon)       
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  Figure 17.8    Right gastroepiploic nodal basin ( A ) and artery ( B ) 
isolated for division ( C  pancreas)       

  Figure 17.9    Dissection of the Right Gastro-epiploic nodal basin 
and artery – final aspect ( A  node tissue,  B  duodenum,  C  gastroduo-
denal artery,  D  transected stump of right gastroepiploic artery,  E  
pancreas)       
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their base with a linear stapler and lymph nodes in this region 
are taken with the gastric specimen. All lymphatic tissue is 
carefully dissected free from the anterior surface of the celiac 
axis. This dissection is carried over the common hepatic 
artery to the right of the porta hepatis and above the splenic 
artery, close but not into the splenic hilum.

     After the duodenum has been mobilized and dissected 
away from the pancreas and GDA, lymphatic tissue is resected 
from the sub-pyloric region, and anterior and superior to the 
pancreas. The duodenum is divided with a GIA stapler 
(Fig.  17.11 ). Then most of the stomach is removed by transect-
ing at a proximal level to leave only the gastric fundus 
(Fig.  17.12 ), which sole blood supply will come from the short 
gastric vessels. Gastrointestinal continuity is restored with a 
gastrojejunostomy (Classic Billroth II or Roux-en-Y anasto-
mosis). A Roux-en-Y reconstruction is preferred: after com-
pletion of the gastric resection, an appropriate segment of 
jejunum is identified and transected with a linear stapler 
about 30 cm from the ligament of Treitz (Fig.  17.13 ). The 

  Figure 17.10    Gastrohepatic ligament incised ( A  liver,  B  gastrohe-
patic ligament,  C  stomach)       
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  Figure 17.11    Duodenum is divided ( A  liver,  B  duodenum,  C  stomach)       

  Figure 17.12    Stomach transection ( A  spleen,  B  gastric pouch, 
 C  resected stomach)       
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 mesentery is then divided to allow the alimentary jejunal limb 
(the distal limb) to reach comfortably the upper abdomen and 
the gastric remnant. The proximal limb (bilio-pancreatic limb) 
is then reconnected to the alimentary limb 60–70 cm distal to 
the proximal end of the alimentary limb. The jejunojejunos-
tomy connecting the alimentary to the biliopancreatic limb 
may be created immediately after transecting the jejunum. We 
favor a side-to-side linear stapled jejunojejunostomy 
(Fig.  17.14 ). The resulting mesenteric defect is then closed 
with a running locking stitch (Fig.  17.15 ). Debate exists 
whether an antecolic or retrocolic alimentary limb is superior. 
An antecolic approach is shown. The alimentary limb is laid 
adjacent to the gastric remnant after it has been brought over 
the transverse colon. The anastomosis may be completed in 
hand sewn, linear or circular-stapled fashion. In the circular 
stapled technique a 25 mm anvil is passed trans- orally and the 
stapler is passed trans-abdominally and into the cut end of 
alimentary limb (Fig.  17.16 ). The stapler and anvil are mated 

  Figure 17.13    Division of jejunum creating biliopancreatic and ali-
mentary limbs ( A  biliopancreatic limb,  B  alimentary limb)       
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  Figure 17.14    Side-to-side stapled Jejunojejunostomy ( A  biliopan-
creatic limb,  B  alimentary limb)       

  Figure 17.15    Jejunojejunostomy mesenteric defect is closed 
( A  jejunum,  B  mesenteric defect)       
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through the wall of jejunum and the anastomosis is created. 
The remaining jejunal stump is then resected with a linear 
stapler to complete the anastomosis (Fig.  17.17 ). Stay sutures 
are placed on either side of the anastomosis to relieve tension. 
The anastomosis is tested by submerging it under instilled 
irrigation and insufflating air via the nasogastric tube, taking 
care to obstruct the alimentary limb to prevent air from insuf-
flating a large portion of small bowel. After appropriate insuf-
flation of the anastomosis, air bubbles will be observed if there 
is an anastomotic leak.

             Total Gastrectomy 

 Laparoscopic resection seem to have comparable oncologic 
outcomes to open surgery with fewer post-operative com-
plications and is preferable in selected cases when exper-
tise is available [ 17 ,  18 ]. The procedure begins with 
omentectomy and the attachments of the omentum to the 

  Figure 17.16    Creation of a gastrojejunostomy following subtotal 
gastrectomy ( A  alimentary limb,  B  gastric pouch)       
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underlying transverse colon from the splenic flexure to the 
hepatic flexture are divided (Fig.  17.18 ). The gastrohepatic 
ligament is divided the phrenoesophageal ligament and 
peritoneal coverage of the right and left crus are incised 
(Fig.  17.19  and  17.20 ) .

     The distal esophagus is exposed with dissection in the 
avascular plan between the esophagus and right crus. The 
gastrosplenic ligament, short gastric vessels and posterior 
attachments of the stomach to the pancreas are divided up to 
the left crus (Fig.  17.21 ). A retro-esophageal window is cre-
ated through which a penrose drain is passed to allow retrac-
tion and dissection of the distal esophagus (Fig.  17.22 ). 
Attachments around the gastroesophageal junction and dis-
tal esophagus are completely divided.

    The dissection continues by exposing the main gastric ves-
sels to their base along with their surrounding lymph tissue. 
The posterior stomach is separated from the pancreas. The 
stomach is elevated and the dissection continues at the base 
of the left gastric vessels. The peritoneal coverage of the 

  Figure 17.17    Completed gastrojejunostomy ( A  gastric pouch, 
 B  alimentary limb)       
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  Figure 17.18    Omentum dissected away from transverse colon 
( A  omentum,  B  colon)       

  Figure 17.19    Gastrohepatic ligament incised ( A  liver,  B  gastrohe-
patic ligament)       
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  Figure 17.20    Right crus dissection. Begin to mobilize esophagus 
( A  caudate lobe of liver,  B  right crus,  C  esophagus)       

  Figure 17.21    Gastrosplenic divided to  left  crus ( A  stomach,  B  spleen)       
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 pancreas is opened and dissected from left to right. This is 
carried over the hepatic artery to the porta hepatis as 
described previously. Lymphoid tissue is dissected from the 
celiac axis superiorly. The left gastric vessels are divided at 
their base with a vascular stapler load (Fig.  17.23 ).

   The posterior aspect of the duodenum is mobilized and the 
right gastroepiploic is dissected to its base and divided 
(Fig.  17.24 ). The duodenum is divided with a linear stapler 
(Fig.  17.25 ). Ideally a 6 cm margin from tumor to esophageal 
transection should be obtained. Prior to transection, stay 
sutures can be placed on the distal esophagus at the 3 o’clock 
and 9 o’clock positions to allow retraction into the abdominal 
cavity. The distal esophagus is then transected (Fig.  17.26 ). 
The specimen is removed from the peritoneal cavity. With the 
laparoscopic approach, the left lower quadrant incision is 
enlarged and a wound protector place to allow the specimen 

  Figure 17.22    Esophagus following posterior tunnel. 360° control 
obtained and caudad retraction applied to penrose ( A  caudate lobe 
of liver,  B  right crus,  C  penrose drain around GE junction,  D  stom-
ach)       
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  Figure 17.23    Left gastric artery identified and transected with vas-
cular stapler load ( A  caudate lobe of liver,  B  left gastric artery)       

  Figure 17.24    Nodal tissue mobilized anteriorly with specimen. 
Dissection carried to base of  right  gastroepiploic vessels ( A  right 
gastroepiploic vessels)       
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  Figure 17.25    Division of the duodenum with endoscopic linear 
stapler ( A  liver,  B  falciform ligament,  C  antrum)       

  Figure 17.26    Division of the esophagus; note preplaced stay sutures 
at 3 and 9 o’clock position to maintain intra-abdominal esophagus 
length ( A  transected proximal esophagus,  B  stay suture)       
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to be removed. Proximal and distal margins are sent to 
pathology for frozen section evaluation of margins.

     The case is completed with Roux-en-Y reconstruction. The 
jejunojejunostomy and closure of the mesenteric defect are 
done using similar techniques than the one used for a subto-
tal gastrectomy described above. The esophagojejunostomy 
may be done using handsewn, circular or linear stapled tech-
niques. The alimentary jejunal limb is laid adjacent to the 
stapled end of esophagus after the jejunum has been brought 
over the colon. In the circular stapled technique the anvil is 
passed trans-orally and the stapler is passed trans-abdomi-
nally and into the cut end of alimentary limb (Fig.  17.27 ). The 
stapler and anvil are mated through the wall of jejunum and 
the anastomosis is created (Fig.  17.28 ). The remaining jejunal 
stump is then resected with a linear stapler to complete the 
anastomosis (Fig.  17.29 ). Stay sutures are placed on either 
side of the anastomosis to relieve tension. The anastomosis is 
tested by submerging it under instilled irrigation and insuf-
flating air via the nasogastric tube, taking care to obstruct the 

  Figure 17.27    Esophagojejunostomy created with circular stapler 
after passing anvil via transoral route ( A  esophagus,  B  mated sta-
pler,  C  jejunum)       
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  Figure 17.28    Completion of the esophagojejunostomy with transec-
tion of the jejunal stump ( A  alimentary limb,  B  esophagojejunos-
tomy,  C  jejunal stump)       

  Figure 17.29    Completed esophagojejunostomy – Final aspect 
( A  caudate lobe of liver,  B  esophagus,  C  jejunum)       
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alimentary limb to prevent air from insufflating a large por-
tion of small bowel. After appropriate insufflation of the 
anastomosis, air bubbles will be observed if there is an anas-
tomotic leak. A nasogastric tube should be carefully placed 
through the completed anastomosis.
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    Abstract     Located on the anti-mesenteric border of the distal 
ileum, Meckel’s diverticulum is the most commonly encoun-
tered congenital anomaly of the GI tract. Patients with a 
Meckel’s diverticulum may develop symptoms related to 
diverticulitis, bowel obstruction or GI bleeding. An inflamed 
diverticulum will present with localized peritonitis and can 
be identified with ultrasound or CT scan imaging. To investi-
gate whether GI bleeding is due to a Meckel’s diverticulum, 
patients are typically evaluated with a nuclear medicine 
technetium 99 m pertechnetate scan, known as a Meckel’s 
scan. Presence of a symptomatic diverticulum is most often 
confirmed by diagnostic laparoscopy, and treatment involves 
either diverticulectomy or segmental small bowel resection.  
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        Indications 

 Meckel’s diverticulum is the most frequently encountered 
congenital anomaly of the gastrointestinal (GI) tract, occur-
ring in approximately 2 % of the population. It results from 
failure of the embryonic omphalomesenteric (or vitelline) 
duct to involute, leading to the presence of a true diverticu-
lum. It is located on the anti-mesenteric border on the distal 
ileum approximately 60 cm proximal to the ileocecal valve [ 1 ]. 
Approximately 25 % of the diverticula have a persistent 
fibrous attachment to the umbilicus. 

 Meckel’s diverticulum can present in a variety of ways, but 
the three most common manifestations are lower intestinal 
bleeding, intestinal obstruction, and diverticular inflamma-
tion. Bleeding is due to associated heterotopic tissue, most 
commonly gastric mucosa, which produces acid and leads to 
peptic ulceration of the adjacent small bowel mucosa. This 
classically results in a painless rectal bleeding with bright red 
or maroon colored stools. Obstruction can present as intus-
susception with a diverticulum as the lead point or as volvu-
lus around a remnant fibrotic band adherent to the umbilicus. 
Finally, inflammation and possible perforation of the diver-
ticulum presents with focal peritoneal signs and symptoms 
similar to appendicitis. Therefore, in a patient diagnosed with 
appendicitis but found to have a grossly normal appendix 
intra-operatively, a search for a possibly inflamed Meckel’s 
diverticulum should be conducted. The mechanism for this 
inflammation can be luminal obstruction, as with appendici-
tis, or may be due to associated heterotopic gastric or pancre-
atic tissue. 

 Much debate exists regarding the appropriate treatment of 
a diverticula encountered incidentally during an operation 
for another indication. Some authors recommend routine 
resection due to concern for potential malignancy and the 
low morbidity associated with resection [ 2 ]. Others recom-
mend a more selective approach, based on diverticulum and 
patient characteristics that increase the probability of devel-
oping symptoms. Specifically, the risk of developing  symptoms 
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is elevated in younger patients, males, and with diverticula 
that are >2 cm in length, narrow-based, or contain hetero-
topic tissue [ 3 ].  

    Preoperative Imaging and Preparation 

 The ability to conclusively diagnose a Meckel’s diverticulum 
preoperatively is limited. The diagnosis is most often based 
on a high index of suspicion and confirmed intra-operatively. 
In patients with a bowel obstruction and no previous abdomi-
nal operation, the presence of a Meckel’s diverticulum should 
be considered. In patients presenting with focal peritonitis, 
ultrasound (US) or computed tomography (CT) scan may 
identify a tubular, inflamed midline mass, suggesting the diag-
nosis of Meckel’s diverticulitis (Fig.  18.1 ).

   Patients with evidence of lower GI bleeding should undergo 
a thorough workup for other causes of bleeding, including a 
detailed history and physical and placement of a nasogastric 
tube to rule out upper GI source. To evaluate for a Meckel’s 
diverticulum as a bleeding source, a nuclear medicine 
Technetium (Tc)-99 m pertechnetate scan is the preferred test 
(Fig.  18.2 ). The Tc-99 m is taken up by gastric mucosa, so this 
scan will only identify a diverticulum containing heterotopic 
gastric mucosa. Sensitivity for this test ranges from 60 % his-
torically to over 90 % in a recent study [ 4 ]. Regardless, some 
diverticula will be missed with this test, so diagnostic laparos-
copy is indicated in a highly suspicious case of painless rectal 
bleeding, even if the “Meckel’s scan” is negative.

   Pre-operative preparation for patients presenting with a 
symptomatic Meckel’s diverticulum includes intra-venous 
fluid resuscitation and a 2nd-generation cephalosporin. In 
cases of diverticulitis, which can be perforated, broad- 
spectrum gram-negative and anaerobe coverage should be 
utilized. In the setting of obstruction, nasogastric tube 
decompression is helpful. If symptomatic from severe ane-
mia, the patient may require packed red blood cell 
transfusion.  
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    Description of the Procedure 

 In many cases, the diagnosis is suspected but not known, so it 
is often advantageous to begin with a diagnostic laparoscopy to 
confirm the diagnosis [ 5 – 8 ]. Laparoscopic exploration for a 
suspected or confirmed Meckel’s diverticulum is typically per-
formed with standard umbilical access through either a peri-
umbilical or midline umbilical incision. Since the diverticulum 
may be adherent to the underside of the umbilicus, the fascia 
and peritoneum should be entered with a careful open cut-
down approach. As the umbilical stalk is explored in this man-
ner, a remnant fibrous cord may be identified, allowing an 
adherent diverticulum to be pulled up and out of the wound. 

 If the diverticulum is not immediately identified, laparos-
copy proceeds using either a single-site or standard three port 
set up. In the three port approach, the additional 5 mm ports 

  Figure 18.1    Ultrasound image of a thickened tubular structure with 
gut signature in the right mid-abdomen, distant from the cecum, 
representing an inflamed Meckel’s diverticulum (Image credit: Kara 
Gill, MD)       
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are typically placed in the left lower quadrant and left supra-
pubic location, similar to the placement for a laparoscopic 
appendectomy. The patient is positioned in Trendelenburg 
and tilted left side down. This set up and position allows easy 
identification of the cecum and terminal ileum, which is then 
run proximally to look for the diverticulum. If the diverticu-
lum is densely adherent to the abdominal wall at the umbili-
cus, the laparoscope can be moved to the left lower quadrant 
port site to visualize and divide this attachment. 

 After the diverticulum is identified, options for removal 
are simple diverticulectomy or segmental small bowel resection. 

  Figure 18.2    Technetium (Tc)-99 m pertechnetate nuclear medicine 
scan (“Meckel’s scan”). The tracer is taken up by gastric mucosa, 
which is commonly present in Meckel’s diverticula and causes pep-
tic ulceration and bleeding. Radiotracer is readily seen in the stom-
ach and bladder, with the Meckel’s diverticulum revealed as a small 
focus of abnormal uptake in the right mid-abdomen after 30 min 
(Image credit: Kara Gill, MD)       
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In most cases, a simple diverticulectomy can be performed 
using a GIA stapling device either intra- or extra-corporeally. 
The staple line should be oriented transversely to avoid nar-
rowing the ileal lumen. In an infant or small child, the diver-
ticulectomy is more easily accomplished by eviscerating the 
segment of ileum and amputating the diverticulum with a 
stapler extra-corporeally (Figs.  18.3 ,  18.4 , and  18.5 ). In an 
older child or adult with more abdominal domain, an endo-
GIA stapler may be utilized for an intra- corporeal diverticu-
lectomy, similar to a laparoscopic appendectomy. The 
mesenteric vessel to the diverticulum must be controlled with 
either suture, staples, or any available energy device. In cases 
of GI bleeding, it is important to be aware that the bleeding 
ulcer is often located in the adjacent ileum, so a short seg-
ment bowel resection with primary anastomosis is generally 
recommended to avoid the pitfall of recurrent bleeding. 
Alternatively, a V-shaped cuff of adjacent ileum can be 

  Figure 18.3    Meckel’s diverticulum and segment of ileum has been 
delivered through a small umbilical midline incision. Note the small 
mesenteric vessel coursing up along the diverticulum       
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excised with the diverticulum, and the remaining enterotomy 
closed transversely with sutures after inspecting the ileum for 
ulcers. The resected specimen should be opened prior to 
sending it to pathology to confirm that it contains the ulcer.

         Postoperative Care 

 Most patients who have undergone Meckel’s diverticulec-
tomy can be treated using standard postoperative regimens. 
Those treated laparoscopically and without contamination, 
rupture, or obstruction can be managed with early diet 
advancement and without nasogastric tube. Early ambulation 
should be encouraged. A typical postoperative length of hos-
pital stay is approximately 2–5 days [ 7 ]. Postoperative compli-
cations are uncommon, but include wound infection, bleeding, 

  Figure 18.4    A standard GIA stapler is placed across the base of the 
diverticulum, transverse orientation relative to the ileum, with great 
care to avoid narrowing the small bowel lumen. The diverticular 
mesenteric vessel has been cauterized       
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and the small risk of bowel obstruction from post-operative 
adhesions. Anastomotic leak or stricture should be rare.     
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    Abstract     Small bowel resection is a common procedure 
which is performed for a wide variety of indications in all 
age groups. Multiple different techniques to accomplish a 
small bowel resection and anastomosis have developed over 
the last 200 years, including the open versus laparoscopic 
approach, single versus double layer, and hand-sewn versus 
stapled anastomosis. In general, the various surgical tech-
niques are similar in outcome as long as common principles 
are followed: adequate exposure, gentle tissue handling, 
absence of tension, and adequate tissue oxygenation.  

  Keywords     Small Intestine   •   Resection   •   Anastomosis   • 
  Laparoscopy   •   Stapled   •   Hand-sewn  
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        Indications 

 Small bowel resection is a common procedure in all surgical 
populations for a wide variety of indications including malig-
nancy, obstruction, ischemia, traumatic injury, hemorrhage, 
fistula, stricture, and congenital anomalies. There are multiple 
ways to complete a small bowel resection, but the general 
concepts for a successful anastomosis such as adequate expo-
sure, gentle tissue handling, absence of tension, and adequate 
tissue oxygenation remain the same [ 1 ].  

    Preoperative Preparation 

 Pre-operative imaging should be completed as needed to 
delineate the nature and location of the problem in question. 
Common imaging studies include abdominal X-rays (upright, 
supine, and occasionally left lateral decubitus) computed 
tomography of the abdomen and pelvis with intravenous and 
oral contrast, and upper gastrointestinal X-ray series. The 
patient should be made NPO 12 h prior to an elective proce-
dure. If the patient is undergoing an emergent procedure, a 
nasogastric tube should be placed to empty the stomach prior 
to induction of general anesthesia. In general, a bowel prepa-
ration is not necessary for a small bowel resection and anas-
tomosis, but this is within the purview of the operating 
surgeon. An epidural can be considered for post-operative 
pain control if an open procedure with a midline laparotomy 
is planned.  

    Positioning and Anesthesia 

 All patients should undergo induction of general anesthesia 
with endotracheal intubation. Rapid sequence induction is 
used for emergent procedures in which the patient has not 
been made NPO for 12 h to reduce the risk of aspiration of 
gastric contents. An assistant can provide cricoid pressure to 
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further reduce the risk of gastroesophageal reflux into the 
oropharynx. The patient should be placed in the supine posi-
tion. For an open procedure, the arms are secured on padded 
arm boards at a 90° angle to the body’s axis. For laparoscopic 
procedures, one or both arms can be tucked to the patient’s 
side to maximize the range of the surgeon’s position. An oro-
gastric or nasogastric tube is placed to decompress the stom-
ach and proximal small bowel during the procedure, if not 
placed pre-operatively. Sequential compression devices 
should be placed on the lower legs bilaterally for deep vein 
thrombosis prophylaxis and subcutaneous heparin can be 
administered as long as there are no specific contraindica-
tions, such as current hemorrhage or recent cerebrovascular 
accident. A foley catheter should be placed for urinary drain-
age and monitoring of urine output if the procedure is emer-
gent or is expected to last more than a couple of hours. The 
abdominal skin should be widely prepped after hair has been 
clipped short using an atraumatic electric clipper [ 2 ]. A single 
dose of antibiotics should be administered within 1 h of inci-
sion [ 3 ]. We typically use a second generation cephalosporin.  

    Description of the Procedure 

    Open Small Bowel Resection 

 The classic approach for a small bowel resection is via an 
open approach. An open procedure should also be performed 
when the patient is hemodynamically unstable or is medically 
unable to tolerate intra-abdominal insufflation. Massive 
bowel dilation and extensive adhesive disease are relative 
contraindications to laparoscopy. A vertical midline incision 
in preferred in patients over the age of 2 (for children less 
than 2, a transverse abdominal incision is often preferred due 
to the proportionally larger transverse length of a young 
child’s abdomen). The incision is often started at the level of 
the umbilicus and can be extended superiorly or inferiorly 
depending on the location of the surgical problem. Once an 
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incision of appropriate length is created, retractors such as a 
Bookwalter or Balfour can be placed to enhance exposure of 
the operative field. The small bowel can then be eviscerated 
from the abdominal cavity. Adhesiolysis can be performed 
using a Metzenbaum scissors and gentle retraction or using a 
dissecting forceps (e.g. Westphal dissector or a right angle 
clamp) and Bovie cautery to mobilize the entire length of 
small bowel. The diseased area of small bowel is then identi-
fied and resection margins determined. It is critical to run the 
entire length of small bowel from the ligament of Treitz to the 
ileocecal valve to ensure the unresected bowel appears nor-
mal and to determine the length of remaining bowel after the 
proposed resection. In general, attempts are made to pre-
serve a minimum of 30 % or at least 100 cm of small bowel to 
prevent short bowel syndrome [ 4 ]. This is of particular impor-
tance if the ileocecal valve has been resected. In patients who 
may require multiple bowel resections over their lifetime, 
such as Crohn’s disease, resection of bowel is minimized as 
much as possible. 

 Prior to performing the bowel resection, sterile towels are 
placed beneath and around the area to be resected to 
 minimize contamination of the surgical field due to spillage 
of intraluminal contents. The bowel resection can be per-
formed with a stapling device or sharply with a scalpel 
between two non-crushing bowel clamps. The mesentery is 
then divided using an energy device, such as the LigaSure™ 
(Covidien, Mansfield MA) or the Harmonic Ultrasonic© 
scalpel (Ethicon, Cincinnati OH). Alternatively, sections of 
mesentery can be clamped and sharply divided with a 
Metzenbaum scissors (Fig.  19.1 ). Silk or Vicryl ties can then 
be used to permanently ligate blood vessels. In cases where 
the patient is hemodynamically unstable, a gastrointestinal 
anastomosis (GIA) stapler with vascular loads can be used to 
remove the damaged portion of bowel within a few minutes. 
It is important to divide the mesentery more proximally when 
resecting a malignant tumor to obtain an appropriate number 
of lymph nodes to guide further oncologic management. If 
the patient is hemodynamically unstable, the stapled ends of 
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the small bowel can be left in discontinuity while the patient 
is taken to the ICU for resuscitation with a plan for a delayed 
anastomosis. With either immediate or delayed anastomosis 
after a traumatic injury, the leak rate for small bowel anasto-
moses was only 3 % in one series [ 5 ].

       Hand-Sewn Technique 

 If the patient is hemodynamically stable, the bowel anasto-
mosis can be performed using either a hand-sewn or stapled 
technique. A hand-sewn anastomosis may be performed in an 
end-to-end fashion in either one or two layers, as long as the 
bowel diameters are approximately equal. Alternatively, a 

  Figure 19.1    Metal clamps are placed across the distal mesentery in 
opposite directions with their tips pointing inwards. A Metzenbaum 
scissors is then used to divide the mesentery sharply. Silk or Vicryl 
ties are used to ligate the mesenteric vessels. This mesenteric divi-
sion should occur more proximally when resecting small intestine to 
remove a malignancy       
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side-to-side (functional end-to-end) or end-to-side  hand- sewn 
anastomosis may be performed. There is no difference in leak 
rate between single and double layer anastomoses [ 6 ,  7 ]; this 
can be left to surgeon preference. A single layer anastomosis 
or the inner layer of a two layer anastomosis can be per-
formed with either a running transmural technique or using 
interrupted sutures. We prefer to use monofilament absorb-
able suture, often 2-0 or 3-0 polydioxanone (PDS®) suture 
(Ethicon, Cincinnati OH). It is critical to take full thickness 
bites to prevent anastomotic breakdown or leakage as the 
submucosal layer of the small bowel provides strength to the 
anastomosis [ 1 ]. The outer layer of suture closure is per-
formed in an interrupted Lembert fashion using braided 
permanent suture, typically 3-0 silk suture.  

    Stapled Technique 

 Stapled anastomoses are typically faster than hand-sewn and 
are associated with equivalent rates of clinically evident leak-
age, morbidity, and post-operative mortality [ 8 ,  9 ]. The 
 proximal and distal segments of bowel are aligned in a side-
to-side fashion and two silk sutures are placed, one at the 
staple line and the other more distally, to temporarily secure 
the two segments in proper alignment (Fig.  19.2 ). Small enter-
otomies are then made on the anti-mesenteric side of each 
segment near the resection edges. A linear stapling device 
(e.g. GIA stapler) of either 60 or 80 mm is then inserted with 
one arm through each enterotomy (Fig.  19.3 ). After confirm-
ing that the mesenteries of the bowel segments are outside of 
the stapling device, it is closed and fired creating a large 
enteroenterostomy. The stapler is removed and an Army 
Navy retractor can be used to inspect the luminal staple line 
for hemostasis. If the patient is on therapeutic anticoagula-
tion, a running monofilament absorbable suture can be 
placed along the luminal staple line to reinforce the area and 
assure hemostasis (Fig.  19.4 ). The common channel enterot-
omy can then be closed using a hand-sewn technique as 
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above or by firing across the enterotomy with a stapler 
(either a TA or GIA stapler) (Fig.  19.5 ). Some surgeons 
choose to oversew the staple lines with interrupted Lembert 
braided permanent sutures to create a second layer (Fig.  19.6 ). 
Most surgeons place one or more braided sutures distally to 
reinforce the end of the staple line where the two bowel seg-
ments diverge. Depending on its size, the mesenteric defect 
can then be closed using either running or interrupted 
braided absorbable sutures, taking care not to injure the 
blood vessels running through the mesentery (Fig.  19.7 ).

            Laparoscopic Small Bowel Resection 

 A small bowel resection and anastomosis can be safely and 
effectively performed laparoscopically with improved post- 
operative recovery of activity and diet, shorter length of stay, 
and improved pain control [ 10 ,  11 ]. Compared with laparot-
omy, the laparoscopic approach is associated with formation 

  Figure 19.2    Silk stay sutures are placed at the proximal and distal 
aspects of our side-to-side small bowel anastomosis to assist in 
maintaining alignment during stapler placement       

 

Chapter 19. Small Bowel Resection



352

of significantly fewer peritoneal adhesions, as well as decreased 
morbidity and mortality [ 12 ,  13 ]. Laparoscopic small bowel 
resection can be performed either with a lap- assisted tech-
nique with an extra-corporeal anastomosis or totally laparo-
scopically with a double stapled technique. A minimum of 
four ports are typically required, and at least one port must be 
12 or 15 mm to accommodate the laparoscopic stapling device 
if an intracorporeal stapling technique is used. Port placement 
varies depending on the location and extent of bowel to be 
resected. Abdominal entry is obtained by either the Hassan 
technique or a Veress needle. After the ports have been placed 
and a 30° camera introduced into the abdomen, atraumatic 
graspers can be used to examine the small bowel and run its 
length from the ligament of Treitz to the ileocecal valve. 
Adhesiolysis can be completed using a laparoscopic scissors, 

  Figure 19.3    Small enterotomies are made on the antimesenteric 
side of each small bowel limb. The arms of a GIA stapler are then 
passed into the enterotomies and the stapler is advanced as shown 
with the tips pointed downwards. The silk stay suture is used to pull 
the small bowel upwards toward the handle of the stapler. A 
debakey forcep is used to retract downward on the mesentery in 
between the two stapler arms to ensure that the mesentery is not 
caught within the staple line       
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hook cautery device, or an energy device such as the 
LigaSure™ or Harmonic Ultrasonic© scalpel. If a lap-assisted 
approach is used, the selected portion of small bowel is exte-
riorized through a slightly enlarged umbilical incision using a 
wound protector. Once the bowel has been delivered, resec-
tion and anastomosis can be completed using any of the tech-
niques described above. If an intra- corporeal anastomotic 
technique is used, a linear stapling device is introduced to 
divide the desired segment of bowel. The mesentery can then 
be divided using an energy device. Metal clips, monopolar or 
bipolar cautery, and laparoscopic loop sutures can be used to 
assist in safely dividing the mesenteric vasculature. The 
resected portion of bowel is removed through the umbilical 
port using a laparoscopic specimen pouch. The anti-mesen-
teric sides of the proximal and distal bowel segments are then 
aligned and braided stay sutures are placed using either 
curved needle sutures cut to a short length or an endoscopic 
suturing device. Small enterotomies are made in each limb 
and the two arms of a linear stapler are introduced through 

  Figure 19.4    Army Navy retractors are used to expose the mucosal 
aspect of the staple line to assess for bleeding. If hemorrhage is 
noted or the patient is on systemic anticoagulation, the staple line be 
oversewn with a running PDS suture as shown       
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the enterotomies, taking care that the angle of the bowel distal 
to the end of the stapler is straight to avoid perforation. The 
common enterotomy is then sealed with an additional fire of 
the laparoscopic stapler. The mesenteric defect can be closed 
with a running braided suture using either a suture on a 
curved needle or an endoscopic suturing device. Larger port 
sites and the enlarged umbilical port site should be closed at 
the fascial layer with absorbable monofilament suture. Smaller 
port sites can be closed with skin stitches only.   

    Post-operative Care 

 The length of time to return of bowel function is highly vari-
able and depends on multiple patient factors. Close attention 
should be paid to electrolyte and fluid imbalances. A foley 

  Figure 19.5    The common enterotomy is then closed with a Connell 
stitch using 3-0 PDS. Care must be taken to take full thickness bites 
with each pass of the needle. The Connell stitch provides hemostasis 
as well as inverting the bowel wall inwards so that the serosal edges 
are approximated. The common enterotomy can also be closed with 
a running stitch or a stapling device       
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catheter can be used to monitor urine output and gauge intra-
vascular fluid resuscitation. If the patient is hemodynamically 
unstable, septic, or there is gross intra-abdominal contamina-
tion, a nasogastric tube is often kept in place for decompres-
sion of the stomach and proximal small bowel. When the 
volume of the nasogastric tube has decreased to less than 
150 cc per 8 h shift, we begin clamping trials and remove the 
tube if residual output is low. Oral intake can be started at the 
surgeon’s discretion, but traditionally is held until the patient 
is passing flatus. There is some evidence that early initiation of 
enteral feeding can reduce the overall risk of infection and 
decrease length of hospital stays [ 14 ,  15 ]. Oral pain medication 
can be started with the initiation of a diet. Multimodal post- 
operative analgesia should be administered and narcotics 
minimized as much as possible to reduce opioid-associated 
delayed gastrointestinal recovery [ 16 ]. Post-operative antibi-
otics are generally not indicated as prolonged dosing increases 

  Figure 19.6    Interrupted silk sutures are then placed in the Lembert 
fashion to create the second layer of a double layer anastomosis. 
Lembert sutures are often also placed along the staple line laterally 
and a final silk suture is placed at the most distal aspect of the staple 
line to reduce tension on that area       
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the risk of Clostridium difficile and the development of resis-
tant bacteria [ 3 ]. The patient can be discharged home when 
they are tolerating a general diet, ambulating without diffi-
culty, and have good pain control on oral medications.     
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    Abstract     First performed in 1991, laparoscopic  splenectomy 
is now considered the gold standard surgical approach for 
elective splenectomy. Laparoscopic splenectomy can be 
safely performed in most cases where splenectomy is indi-
cated, including massive splenomegaly. As compared to open 
splenectomy, laparoscopic splenectomy is associated with 
decreased 30-day mortality, decreased need for intraopera-
tive transfusion, decreased post-operative pain and decreased 
length of stay. Yet despite the advantages of laparoscopy, 
open  splenectomy remains the mainstay for emergent sple-
nectomies, particularly for patients who are hemodynami-
cally unstable and have high-grade splenic injuries.  
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  Keywords     Splenomegaly   •   Idiopathic thrombocytopenic 
purpura   •   Splenic malignancy  

        Indications 

 Most splenic pathologies are amenable to a laparoscopic 
approach including benign or malignant hematologic diseases 
and secondary hypersplenism [ 1 – 5 ]. Immune thrombocytope-
nia purpura (ITP) is the most common indication for elective 
splenectomy [ 6 ]. Splenectomy is usually recommended when 
the disease process is refractory to medical management or in 
attempt to avoid the side effects of long- term steroid use. 
Laparoscopic splenectomy may also be indicated in other 
benign conditions such as thrombotic thrombocytopenic pur-
pura, hereditary spherocytosis, thalassemia with secondary 
hypersplenism or severe anemia, sickle cell disease, and 
refractory autoimmune hemolytic anemia [ 6 ]. Laparoscopic 
splenectomy also has a role in select malignant diseases of the 
spleen for which it can be used for diagnostic or therapeutic 
reasons. Indications include myeloproliferative disorders, lym-
phoproliferative diseases, hairy cell leukemia, Hodgkin and 
non-Hodgkin lymphoma, malignant vascular tumors, malig-
nant lymphomas, and lymphangiosarcomas [ 6 ]. 
Contraindications to performing laparoscopic splenectomy 
include uncorrected coagulopathies, severe portal hyperten-
sion, hemodynamic instability or inability to tolerate pneumo-
peritoneum [ 7 ].  

    Preoperative Preparation 

 All patients should receive preoperative vaccinations against the 
following encapsulated bacteria: Neisseria meningitidis, 
Streptococcus pneumoniae, and Haemophilus influenzae type 
B [ 8 ]. Immunizations should be given at least 1-week prior to the 
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operation although at least 3-weeks prior is preferable [ 9 ]. 
Standard hematological laboratories including hematocrit and 
type & screen should be obtained and corrected accordingly [ 10 ]. 
Preoperative splenic artery embolization is occasionally utilized 
for massive splenomegaly to reduce intraoperative blood loss.  

    Positioning and Anesthesia 

 Four different positions may be used when performing a lapa-
roscopic splenectomy: supine, lithotomy, right lateral decubi-
tus, and anterolateral (i.e. partial right lateral decubitus, right 
“lazy” decubitus). We prefer a right “lazy” decubitus position 
using a surgical bean bag because it allows gravity to assist in 
the dissection of the splenic attachments (as opposed to the 
supine position) and it leaves the abdomen readily accessible 
if a quick conversion to a laparotomy is required (as opposed 
to a formal right lateral decubitus position) (Fig.  20.1 ). Supine 
and lithotomy positions are preferred by some surgeons for 
children or patients who have massive splenomegaly or are 
undergoing additional abdominal procedures [ 11 ].

   General endotracheal anesthesia is required. Deep vein 
thrombosis prophylaxis is administered (typically 40 mg enoxa-
parin subcutaneously) and sequential compression devices are 
applied prior to induction. A Foley catheter is placed to moni-
tor fluid status in select patients. An orogastric tube is placed 
to decompress the stomach and minimize the likelihood of 
gastric injury; this is particularly important because we access 
the abdomen using a Veress technique in the left upper quad-
rant. Patients also receive preoperative antibiotic prophylaxis.  

    Description of Procedure 

    Abdominal Access 

 Entry into the abdomen is performed using a Veress needle 
in the left upper quadrant (Fig.  20.2 ). We prefer a Veress 
approach due to the relatively high frequency of obesity in 

Chapter 20. Laparoscopic Splenectomy



362

our patient population. Intra-abdominal positioning of the 
needle is confirmed by aspiration and a negative saline drop 
test. Pneumoperitoneum is then established by insufflating 

  Figure 20.1    Patient positioning during a laparoscopic splenectomy. 
The patient is placed on the operating room table in the right “lazy” 
decubitus position using a bean bag with the right arm abducted and 
the left arm adducted anterior and superior. This positioning allows 
gravity to assist in the dissection of the splenic attachments and it 
leaves the abdomen readily accessible if a quick conversion to a 
laparotomy is required       
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the abdomen to a pressure of 15 mmHg with carbon dioxide. 
A 5 mm port is placed into the abdomen either through the 
Veress incision or via an adjacent incision in the left upper 
quadrant.

   Alternatively, using the Hasson technique, a 1 cm upper 
midline vertical incision is made approximately 15 cm infe-
rior to the xiphoid process. The fascia is elevated and incised, 
and entry into the intra-abdominal cavity is confirmed by 
direct visualization. Two figure-of-eight absorbable sutures 
are placed in the fascia and the Hasson cannula is inserted 
under direct visualization. 

  Figure 20.2    Entry into the abdomen with Veress needle technique. 
A Veress needle is placed 3 cm below the left subcostal border in the 
midclavicular line. Intra-abdominal positioning of the needle is con-
firmed by aspiration and a negative saline drop test       

 

Chapter 20. Laparoscopic Splenectomy



364

 Either a 5 mm or 10 mm, 30° laparoscope is then inserted 
through the first trocar and the intra-abdominal cavity is 
inspected for any injury or pathology. Additional ports are 
inserted at the supra-umbilical position, right upper midline, 
left mid-abdomen at the anterior axillary line, and left lower 
mid-abdomen at the mid-clavicular line. The left lower mid- 
abdominal port at the mid-clavicular line is typically a 12 mm 
port, which allows passage of an endo-GIA stapler. To avoid 
direct trocar injuries to the spleen, these trocar positions may 
vary if a patient has splenomegaly (Fig.  20.3 ).

  Figure 20.3    Trocar placement for laparoscopic splenectomy. Ports 
are inserted at the supra-umbilical position, right upper midline, left 
mid-abdomen at the anterior axillary line, and left lower mid- 
abdomen at the mid-clavicular line. After inspection of the abdo-
men, the left lower mid-abdominal 5 mm trocar (shown) was 
upsized to a 12 mm port to accommodate passage of the endo-GIA 
stapler. These trocar positions may vary if a patient has splenomeg-
aly or other anatomical limitation       
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       Division of the Short Gastrics 

 The greater curve of the stomach at the level of the inferior mar-
gin of the spleen is grasped and retracted anteriorly and to the 
patient's right. The adjacent omentum is retracted in the opposite 
direction. The short gastric vessels are then divided with the bipo-
lar coagulating device and the lesser sac is entered (Fig.  20.4 ). 
There are typically two layers of attachments that need to be 
transected and often a posterior layer of short gastrics. Division 
is complete once the left crus of the diaphragm is visualized.

       Division of the Splenic Artery 

 Division of the short gastrics allows entry into the lesser sac 
and visualization of the anterior surface of the pancreas. The 
splenic artery can usually be identified inferior and anterior to 

  Figure 20.4    Mobilization of the stomach. The short gastric vessels 
are divided with the bipolar coagulating device, mobilizing the stom-
ach from the spleen       
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the splenic vein. After circumferential exposure, the splenic 
artery is transected with an endoscopic vascular linear stapler 
(Fig.  20.5 ). The pancreas is inspected to ensure that no injury 
occurred. If there is concern about possible pancreatic injury, 
a 15 Fr Blake drain is placed in the splenic bed to both identify 
and manage a possible pancreatic fistula. If it is not possible to 
isolate the splenic artery at this location, the arterial and 
venous splenic branches will be transected at the hilum.

       Division of the Splenic Vein Branches 

 The splenic flexure of the colon is mobilized inferiorly. The 
splenocolic ligament is then exposed and divided using a 
bipolar coagulating device. Once the splenic flexure is mobi-
lized away from the spleen, dissection continues starting at 
the inferior pole of the spleen and proceeds toward the upper 
pole of the spleen. A grasper should easily pass posterior to 
the branches of the splenic vein along the medial margin of 
the spleen (Fig.  20.6 ). Multiple firings of the endo-GIA vas-
cular load 60 mm stapler are performed. The stapler should 
slide smoothly with each passage (Fig.  20.7 ). This completes 
division of the blood supply to the spleen.

        Mobilization of the Lateral Splenic Attachments 

 The posterior peritoneal and diaphragmatic attachments of 
the spleen are subsequently divided using the bipolar coagu-
lating device and blunt dissection.  

    Splenic Removal 

 Once the spleen is completely detached it is placed into an 
endoscopic retrieval bag (Fig.  20.8 ). Under direct visualization, 
the bag is brought close to the largest trocar site (typically a 
15 mm port) and the spleen is morcellated with a ring forceps. 
It is then removed in a piecemeal fashion through the trocar 
and the retrieval bag is withdrawn. Care must be taken during 
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  Figure 20.5    Division of the splenic artery. At the hilum, the splenic 
artery is exposed circumferentially (panel  a ) and then transected 
with an endoscopic vascular linear stapler (panel  b )       
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morcellation as small bowel or other viscera can fall into the 
bag and inadvertently be included in the morcellation.

       Inspection and Closure 

 The laparoscope is then re-introduced into the abdomen and the 
surgical field is thoroughly inspected for signs of bleeding, bowel 
injury or evidence of any accessory spleens. The field is then 
irrigated and suctioned. Trocars are removed under direct visu-
alization, followed by the camera trocar. The abdomen is desuf-
flated. All trocar sites with a fascial defect greater than 5 mm are 
closed. The skin is closed with subcuticular sutures and then with 
either steri-strips or topical skin adhesive (Fig.  20.9 ).

        Special Considerations 

 In the setting of severe thrombocytopenia in ITP patients, 
platelet transfusion can be considered around the time of 
splenic vasculature clamping and division; we do not  commonly 

  Figure 20.6    Preparation for division of the splenic vein branches. A 
grasper is easily passed posterior to the branches of the splenic vein 
along the medial margin of the spleen.  Red arrow marks  a splenic 
vein.  Red star marks  the spleen       
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do this as laparoscopic splenectomy has been shown to be safe 
without transfusion for patients who otherwise have a normal 
prothrombin time and absence of preoperative bleeding or 
coagulopathy [ 12 ]. 

 Hematologic changes occurring after splenectomy include 
granulocystosis followed by lymphocytosis and monocytosis. 
Additionally, thrombocytosis may arise. An antiplatelet agent, 

  Figure 20.7    Division of the splenic vein branches. The endo-GIA 
stapler is slid smoothly around a splenic vein branch, followed by 
firing with a vascular load 60 mm cartridge       
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such as aspirin, is generally recommended when platelet 
counts are greater than 1,000,000/μL. 

 A known complication after laparoscopic splenectomy is 
splenic vein or portal vein thrombosis. Post-operative screen-
ing duplex ultrasound may be obtained to confirm the 
patency of these vessels although we do not routinely obtain 
this study. Prolonged postoperative anticoagulant prophy-
laxis can be considered in patients who are considered high 
risk for this complication, including those who have myelo-
proliferative disorders or hereditary hemolytic anemias [ 13 ]. 

  Figure 20.8    Preparation for splenic removal. An endoscopic 
retrieval bag is placed intra-abdominally and prepared for spleen 
removal. Once completely in the bag, the spleen is morcellated with 
a ring forceps and removed in a piecemeal fashion through the tro-
car and the retrieval bag is withdrawn       
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 Overwhelming post-splenectomy infection (OPSI), is a 
rare but potentially fatal infection occurring in individuals fol-
lowing splenectomy. OPSI is a result of the absence of splenic 
macrophages, which normally remove encapsulated bacteria 
bounded by immunoglobulins and complement. OPSI occurs 
in approximately 0.1 % of patients after splenectomy and has 
a mortality rate of nearly 50 %. The incidence is greatest 
within 2 years after splenectomy and is most common in 
patients who undergo splenectomy for  hematologic abnor-
malities rather than traumatic injuries [ 5 ,  14 ]. Patients who do 
not receive their vaccinations for  encapsulated bacteria prior 

  Figure 20.9    Skin closure. The skin is closed with subcuticular 
sutures followed by topical skin adhesive       
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to their splenectomy should receive them within the first few 
weeks after surgery (after the patient has recovered) [ 9 ]. 

 In the setting of massive splenomegaly, a hand-assisted 
laparoscopic splenectomy (HALS) can be performed. This 
technique combines both laparoscopic and open approaches 
and has been reported to be particularly effective for spleens 
greater than 25 cm in the largest dimension. In HALS, a 
hand-port device is placed through the abdominal wall allow-
ing hand and forearm placement into the intra-abdominal 
cavity. This enables tactile feedback during dissection and can 
help the surgeon manipulate the spleen to a greater degree 
than the laparoscopic instruments alone [ 15 ].     
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    Abstract     Approximately 7 % of individuals will develop 
acute appendicitis during their lifetime. Appendectomy is the 
most common emergent surgical procedure performed world-
wide and in 2010, more than 300,000 appendectomies were 
performed in the United States. The two operative approaches 
for performing an appendectomy are open and laparoscopic. 
Laparoscopic appendectomy is performed in approximately 
two-thirds of the cases and results in lower overall morbidity 
in selected patients.  
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        Indications 

 The primary indication for an appendectomy is the presentation 
of acute appendicitis [ 1 ,  2 ]. An appendectomy is also indicated for 
incidental imaging findings of a mass within the appendix or as an 
interval appendectomy following ruptured appendicitis, although 
there is some debate as to whether this is indicated.  

    Evaluation 

 The first step in diagnosing acute appendicitis is taking a 
thorough history and physical examination. Patients with 
appendicitis usually present with complaints of vague peri-
umbilical pain that migrates to the right lower quadrant. 
This discomfort is often associated with fever, anorexia, 
nausea and vomiting. Within 24 h from the initial onset of 
symptoms, the area over McBurney’s point (i.e. the point 
approximately two-thirds the distance between the umbili-
cus and the right anterior superior iliac spine) will be ten-
der on exam. The patient may also have rebound tenderness 
and involuntary guarding. If the appendix is retroperito-
neal and adjacent to the iliopsoas muscle, the patient may 
have a positive psoas sign (pain produced by passively 
extending the thigh of a patient lying on his/her side with 
knees extended). If the inflamed appendix is adjacent to 
the obturator internus muscle, the patient may have a posi-
tive obturator sign (pain produced by internally rotating 
and flexing the hip of a patient lying on his/her back with 
hip and knee flexed). A pelvic exam should also be per-
formed when there is a reasonable consideration for gyne-
cological pathology such as pelvic inflammatory disease or 
ovarian torsion.  
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    Laboratories 

 A complete blood count should be performed for all cases of 
suspected appendicitis. Results may reveal a mild elevation in 
the white blood cell count with an associated left shift of neu-
trophils to greater than 70 % (elevation of the white blood cell 
count has a sensitivity >80 %) [ 3 ]. A routine chemistry 
(“chem 7”) may also be obtained to assess electrolytes and 
renal status. A pregnancy test should be performed for women 
of childbearing age to rule out a uterine or ectopic pregnancy.  

    Imaging 

 If the patient is male, then the preceding constellation of history 
and exam findings may be enough information to proceed to 
the operating room for appendectomy. If there is uncertainty 
regarding the diagnosis or there is concern regarding a gyneco-
logical pathology, additional imaging such as an abdominal 
computerized tomography (CT) scan is often helpful. Imaging 
is advantageous because it has the potential to confirm the sus-
picion of appendicitis or detect another pathology that may be 
causing the patient’s symptoms. In adults, a CT scan is more 
sensitive and specific than an ultrasound [ 4 ]; CT has a sensitiv-
ity of approximately 95 % and specificity of at least 95 % while 
ultrasound is typically closer to 90 % and is user-dependent [ 5 ]. 
Ultrasound is preferable, however, in children given the desire 
to avoid radiation. Magnetic resonance imaging (MRI) is also 
useful if avoidance of radiation is a high priority. The most com-
mon indication for using MRI in this setting is suspected appen-
dicitis in a pregnant patient.  

    Choice of Surgical Approach 

 Traditionally, open appendectomy has been the standard of 
care. However with the evolution of minimally invasive tech-
niques, laparoscopic appendectomy has become the surgical 
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modality of choice for most surgeons due to its association 
with quicker recoveries and less pain [ 6 ]. Although there are 
a few clinical scenarios that may force the surgeon to choose 
one method over the other, the choice of approach is ulti-
mately dictated by surgeon preference. 

    Laparoscopic Appendectomy 

 One advantage of performing the procedure laparoscopically 
is that it provides excellent visualization of the peritoneal cav-
ity. This is particularly beneficial in females where the laparo-
scopic approach may allow identification of ovarian or uterine 
abnormalities [ 7 ]. Laparoscopy also provides an optimal visu-
alization in obese patients and is the preferred approach. 

 Laparoscopic appendectomy can also be safely performed in 
cases of perforated appendicitis [ 6 ,  8 ]. Compared to open appen-
dectomy, the laparoscopic approach has a marginally longer 
operative time, but is associated with decreased  post- operative 
length of stay and less postoperative pain. Additionally, patients 
experience an earlier return to baseline functional activity, 
decreased incidence of wound infection, and an overall decrease 
in morbidity and mortality [ 9 – 12 ].  

    Open Appendectomy 

 An open approach may be preferable if there is a contraindi-
cation to laparoscopy such as refractory coagulopathy, inabil-
ity to tolerate pneumoperitoneum, or generalized peritonitis 
with hemodynamic compromise [ 13 ]. If the patient is preg-
nant, obtaining laparoscopic access may be difficult with 
limited exposure of the appendix, potentially influencing a 
surgeon to take an open approach.  

    Non-Operative Management 

 Complicated appendicitis, including a presentation of a periap-
pendiceal abscess or an abscess in the right lower quadrant 
occurs in approximately 2–7 % of patients. The preferred 
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approach for these patients with an intra-abdominal abscess on 
CT scan is percutaneous drainage and IV-antibiotic administra-
tion, followed by an interval appendectomy [ 14 ]. There is 
emerging evidence that antibiotics alone may be sufficient for 
cases of uncomplicated appendicitis, however this data is not 
conclusive and we do not recommend this treatment pathway 
[ 15 ,  16 ].   

    Preoperative Preparation 

 Once the diagnosis of appendicitis has been made, the patient 
should be taken to the operating room in an expedited man-
ner as the incidence of rupture increases by approximately 
5 % for each ensuing 12-h period beyond the initial 36 h [ 17 ]. 
IV-antibiotics with gram-negative and anaerobic coverage 
should be initiated. Patients with delayed presentation or 
perforated appendicitis may need aggressive fluid resuscita-
tion and electrolyte replacement prior to surgery.  

    Positioning and Anesthesia 

 The patient should be placed in the supine position on the 
operating table. For laparoscopic surgery, the patient’s right 
arm is abducted to facilitate IV-access and the left arm 
tucked along the patient’s side to allow the surgeon and assis-
tant to stand on the patient’s left side (Fig.  21.1 ). In an open 
appendectomy, both arms are abducted to allow the surgeon 
and the assistant room to stand on either side.

   General endotracheal anesthesia is the preferred method 
of anesthesia. Deep vein thrombosis prophylaxis should be 
administered prior to induction as either sequential compres-
sion devices, unfractionated heparin, or low molecular weight 
heparin [ 18 ]. A Foley catheter may be placed to monitor fluid 
status and an orogastric tube may be placed to decompress 
the stomach. This is particularly important if we access the 
abdomen using a Veress needle in the left upper quadrant 
because it allows decompression of the stomach and mini-
mizes the likelihood of gastric injury.  
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    Open Appendectomy: Procedure Description 

    Abdominal Access 

 A 2–6 cm incision is made at McBurney’s point; a Rocky- 
Davis (i.e. transverse) or a McBurney (i.e. parallel to the 
external oblique muscle) incision can be used. The location of 
the incision may be made at a slightly different point depend-
ing on location of maximum tenderness on palpation prior to 
anesthesia or if there is a palpable mass. An alternative and 
less commonly performed incision is a lower midline, which 

  Figure 21.1    Patient positioning during a laparoscopic appendec-
tomy. The patient is placed on the operating room table in the 
supine position with the right arm abducted to facilitate intravenous 
axis and the left arm tucked against the body to allow room for the 
surgeon and assistant to stand       
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may facilitate exposure if the patient is obese or assist in 
exploration of the pelvis if the operating surgeon suspects 
underlying pelvic pathology.  

    Identification of Appendix 

 The incision is carried down to the external oblique which is 
incised parallel to its fibers. The internal oblique is then bluntly 
separated exposing the transversus abdominus and underlying 
transversalis fascia, which is then divided. The peritoneum is 
exposed, lifted and incised, opening a window into the perito-
neal cavity. The appendix and cecum are identified and mobi-
lized anteriorly toward the wound. To do this, it is often necessary 
to sharply or bluntly mobilize the cecum and terminal ileum 
away from their retroperitoneal attachments. If the appendix 
cannot be located, the surgeon can identify the taenia coli of the 
cecum and track them down to the base of the appendix.  

    Ligation of Mesoappendix 

 The mesoappendix is usually ligated first to avoid appendi-
ceal artery injury during excision of the appendix. The meso-
appendix and adjoining appendiceal artery may be ligated 
with a non-absorbable suture and then divided, or alterna-
tively transected with a GIA or TA stapler.  

    Ligation of Appendix 

 We prefer to resect the appendix by initially crushing it at the 
base with a clamp followed by a suture ligature. A purse- string 
suture is then placed in the cecum surrounding the base of the 
appendix. The appendix is divided just beyond the suture liga-
ture. Electrocautery may be used to cauterize the appendix 
with the intention of preventing a mucoceole. The appendiceal 
stump is inverted into the cecum and the  purse- string suture 
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secured to invert the appendiceal base. An alternative to using 
a suture ligature to remove the appendix is to transect the 
appendix with a GIA or TA stapler.  

    Inspection and Closure 

 Once the appendix and mesoappendix are removed from the 
operative field, hemostasis is ensured and the right lower 
quadrant inspected. If spillage is present, the area is aspirated 
and irrigated with several liters of normal saline. The 
 peritoneum and transversalis fascia are closed with a running 
suture followed by closure of the internal oblique with another 
running suture. The external oblique fascia is closed with a run-
ning suture. The subcutaneous tissue is closed with interrupted 
sutures. The skin is closed with subcuticular sutures and then 
with either steri-strips or topical skin adhesive. The skin is typi-
cally left open if the appendix is perforated.   

    Laparoscopic Appendectomy: Procedure 
Description 

    Abdominal Access 

 There are numerous ways to gain access into the intraperitoneal 
cavity. In a non-obese patient, we prefer to access the intra-
abdominal cavity by the Hasson technique. A transverse curvi-
linear incision is made below the umbilicus followed by blunt 
dissection to the midline fascia and umbilical stalk. The umbili-
cal stalk is then grasped at its base and elevated. An approxi-
mately 1-cm vertical incision is made with a scalpel entering the 
peritoneal cavity taking care not to injure underlying bowel or 
blood vessels. A finger is placed within this opening to ensure 
entrance into the intraperitoneal cavity. A suture is then placed 
into the fascia to secure the Hasson port and also for eventual 
closure. A 12 mm Hasson trocar is then secured in place. 

 If the patient is obese, a Veress needle is initially placed 
into the left upper quadrant. Intra-abdominal positioning of 
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the needle can be confirmed by aspiration and a negative 
saline drop test. Pneumoperitoneum is then established by 
insufflating the abdomen to a pressure of 15 mmHg with 
carbon dioxide. A 5 mm port is then placed into the left 
upper quadrant. 

 A 30° laparoscopic camera is then introduced and all four 
quadrants of the abdomen are visually inspected. If the 
Veress needle is used for access in the left upper quadrant, an 
additional 12 mm trocar is inserted inferior to the umbilicus. 
This is the primary camera port during the case and also 
allows for passage of the endo-GIA linear stapler. Two 5 mm 
trocars are subsequently placed under direct visualization: 
one in the left lower quadrant lateral to the left rectus muscle 
and the other in the suprapubic position (Fig.  21.2 ). This is 
performed with attention not to injure the bladder or inferior 

  Figure 21.2    Trocar placement for laparoscopic appendectomy. One 
12 mm trocar is placed below the umbilicus; one 5 mm trocar is placed 
in the left lower quadrant lateral to the rectus muscle; one 5 mm trocar 
is placed in the suprapubic position. One 5 mm trocar may be placed 
in the left upper quadrant if a Veress needle is used for access at this 
same point (optional).  Red arrow  marks the head of the patient       
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epigastric vessels. The patient is then placed in the 
Trendelenburg position with the right side up to facilitate 
visualization of the appendix.

       Identification of Appendix 

 The cecum and terminal ileum are mobilized away from the 
retroperitoneum with scissors or electrocautery allowing 
improved access to the base of the appendix and mesoappen-
dix (Figs.  21.3  and  21.4 ). This step is critical in being able to 
identify the appendiceal base. The tip of the appendix is 
grasped and retracted medially and anteriorly providing 
complete exposure.

  Figure 21.3    Retroperitoneal attachments of the cecum and termi-
nal ileum. Access to the base of the appendix and mesoappendix 
may be difficult when there are robust retroperitoneal attachments 
between the cecum and the abdominal wall.  Red arrow  marks a 
retroperitoneal attachment       
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        Ligation of Mesoappendix 

 Our preferred approach is to transect the mesoappendix with 
a bipolar vessel sealing system (Figs.  21.5  and  21.6 ). This 
method avoids the need to create a mesoappendiceal win-
dow, decreasing the chance of appendiceal artery injury. 
Alternatively, a window can be created in the base of the 
mesoappendix adjacent to the appendix. This maneuver can 
be performed with a Maryland or blunt grasper. Once the 
window is complete, the mesoappendix and associated appen-
diceal artery can be divided using a bipolar vessel sealing 
system, ultrasonic sheers or a linear stapler with a vascular 
load. If the stapler is used, due to its size, the 10 mm laparo-
scopic camera is exchanged for a 5 mm camera and moved to 
the left lower quadrant 5 mm port, allowing placement of the 
stapler into the abdomen via the periumbilical 12 mm port.

  Figure 21.4    Dissection of retroperitoneal attachments. Mobilization 
of the cecum and terminal ileum away from retroperitoneal attach-
ments is performed allowing improved access to the base of the 
appendix and mesoappendix; this step is critical in being able to 
identify the appendiceal base       
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  Figure 21.5    Ligation of mesoappendix. The mesoappendix is tran-
sected with a bipolar vessel sealing system while the appendix is 
retracted       

  Figure 21.6    Visualization of the appendiceal base. The mesoappen-
dix is completely transected allowing complete visualization of the 
appendiceal base       
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        Transection of Appendix 

 The appendix is then divided with an endo-GIA stapler pay-
ing careful attention to locate the stapler at the appendiceal 
base (Fig.  21.7 ). A 30 or 45 mm stapler is typically adequate. 
An alternative method for dividing the appendix is using a 
pre-tied endoscopic ligature. Once resected, the appendix is 
placed into an endoscopic retrieval bag and brought out 
through the 12 mm umbilical port or port site.

       Inspection and Closure 

 The staple line is closely inspected for staple malformation 
or ongoing bleeding (Fig.  21.8 ). The right lower quadrant, 
pelvis, and right subdiaphragmatic space are inspected for 
any contamination and irrigated if desired. The 5 mm tro-
cars are then removed under direct visualization followed 

  Figure 21.7    Transection of the appendix. The appendix is divided 
with an endo-GIA stapler       
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by the 12 mm trocar. The abdomen is desufflated and the 
fascial defect at the umbilical trocar site is closed with an 
absorbable figure- of- eight suture. The skin is closed with 
subcuticular sutures and either steri-strips or topical skin 
adhesive (Fig.  21.9 ).

         Special Postoperative Considerations 

 Antibiotics should be discontinued immediately after sur-
gery in uncomplicated cases. In complicated cases or cases 
where the appendix is perforated, antibiotics may be given 
for 5–7 days, however this is controversial [ 19 ]. If the 
patient’s clinical parameters do not normalize within the 
first 24–48 h after surgery (i.e. vital signs, pain, fevers/chills, 
leukocytosis) the surgeon should have a heightened suspi-
cion for a surgical complication including an abscess, leak 
or hematoma.     

  Figure 21.8    Inspection of staple line and other transected areas. 
The staple line and other transected areas are closely inspected for 
staple failures or inadequate hemostasis       
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    Abstract     Surgical resection of the right colon is performed 
for benign and malignant disease. Resection margins are 
determined by the blood supply to the right colon as well as 
surgical indication. Hemicolectomy can be performed open 
or laparoscopically. Preoperative preparation is briefly dis-
cussed. The steps for successful open right hemicolectomy 
are described. Similarly, both a lateral-to-medial and medial- 
to- lateral laparoscopic approach is explained. The technique 
for a side to side stapled ileocolic anastomosis is demon-
strated, along with further innovations in surgical technique. 
Postoperative care is briefly outlined.  

  Keywords     Right hemicolectomy   •   Laparoscopic   •   Surgical 
technique   •   Colectomy   •   Colon   •   Anastomosis   •   Stapled   • 
  Colon cancer  
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        Anatomy and Indications 

 The right colon extends from the cecum, which is typically 
fixed in the right lower quadrant to the hepatic flexure, 
where it transitions to the transverse colon. The arterial 
supply to the right colon is derived from the superior mes-
enteric artery. The ileocolic branch supplies the terminal 
ileum and cecum. In 32–63 % of the population, the right 
colic artery supplies the ascending colon, but a substantial 
proportion of the population derives arterial blood flow to 
the right colon from the ileocolic artery alone [ 1 ,  2 ]. 
Branches of the middle colic artery can supply the hepatic 
flexure. There can be collateral vessels between these 
branches and those from the right colic artery forming the 
right portion of the marginal artery. The venous drainage of 
the right colon mirrors the arterial supply – the ileocolic, 
right colic, and middle colic veins drain into the superior 
mesenteric vein. The lymphatic supply to the colon follows 
the blood supply through the mesentery. 

 Benign or malignant lesions of the cecum and right colon 
can be treated by right hemicolectomy. Indications for benign 
processes involving the right colon are Crohn’s disease, isch-
emia, trauma, diverticulitis and cecal volvulus. Malignant or 
premalignant lesions are also appropriately managed with 
right hemicolectomy, including adenocarcinomas or colono-
scopically unresectable adenomas. In addition, appendiceal 
neoplasms such as adenocarcinoma or carcinoid tumors 
larger than 2 cm, those not confined to the appendix, or with 
positive lymph nodes require right hemicolectomy [ 3 ]. 

 The extent of resection for malignant lesions located 
within the cecum or ascending colon is dictated primarily by 
the blood supply and lymphatic drainage. Where formal 
oncologic resection is required, the extent of colon removed 
is based upon the area supplied by the ileocolic and right 
colic artery. If extended right hemicolectomy is warranted, 
removal of additional transverse colon supplied by the mid-
dle colic artery may be required.  
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    Preoperative Preparation 

 Individual patient risk factors will determine what additional 
cardiac and pulmonary work-up is required preoperatively. 
Pertinent preoperative work-up is determined by the under-
lying diagnosis requiring right colon resection. Colonoscopy 
is used to identify, obtain tissue diagnosis, and permanently 
mark (tattoo) the location of an intra-luminal lesion. This is 
particularly important when a laparoscopic approach is 
planned. Using india ink, the endoscopist should tattoo 
immediately adjacent to the lesion and ideally in at least 2 
quadrants, allowing intra-operative identification [ 4 ]. 

 In cases where malignancy is proven or suspected, preop-
erative work-up should also include a chest x-ray and com-
puted tomography of the abdomen and pelvis for complete 
oncologic staging [ 5 ]. Preoperative carcinoembryonic antigen 
(CEA) is obtained to facilitate postoperative surveillance. 
Evidence of metastatic disease does not necessarily exclude 
right hemicolectomy, but may alter the treatment approach 
and planning. Careful discussion with the patient about goals 
of therapy, patient preferences, and relative balance of risks 
and benefits is required prior to performing any operative 
procedure. 

 Preoperative patient preparation usually involves full 
mechanical bowel preparation with oral antibiotics. An 
updated Cochrane Review concluded that there is no 
 evidence that preoperative mechanical bowel preparation 
alone decreases rates of anastomotic leak, mortality, peritoni-
tis, need for reoperation, wound infection, or morbidity. 
Additionally, there is some suggestion that inadequate bowel 
preparation which leaves liquid stool within the colon may be 
associated with poorer outcomes [ 6 ]. However, a Veteran’s 
Administration study noted that mechanical bowel prepara-
tion with oral antibiotics may decrease rates of surgical site 
infections [ 7 ]. Other preoperative considerations must include 
appropriate DVT prophylaxis and Surgical Care Improvement 
Project (SCIP) appropriate IV antibiotics [ 8 ].  
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    Anesthesia and Positioning 

 General anesthesia is utilized for open and laparoscopic right 
hemicolectomy. In extremely high risk patients, spinal anes-
thesia can be considered for open procedures [ 9 ]. In open 
cases a thoracic epidural catheter may be utilized and can be 
placed preoperatively or postoperatively for pain control, 
and may reduce narcotic requirements and promote earlier 
return of bowel function [ 10 ]. 

 The patient is positioned supine on the operating room 
table. Arms may be tucked at the patient’s sides for a laparo-
scopic approach. Deep vein thrombosis prophylaxis is pro-
vided with sequential compression devices and subcutaneous 
unfractionated heparin given prior to beginning the case. 
Preoperative antibiotics with gram positive and gram nega-
tive coverage (SCIP inf-2 guidelines [ 8 ]) are given within 
60 min of making incision (SCIP inf-1 [ 8 ]) and re-dosed as 
needed throughout the case. An indwelling urinary catheter 
is placed for monitoring during the procedure.  

    Operative Descriptions 

    Open Right Hemicolectomy 

 The decision to perform an open or laparoscopic right hemi-
colectomy will depend on patient factors and the surgeon’s 
familiarity with the laparoscopic approach. We will begin 
with a description of the open approach. 

 An incision in made from just above to just below the umbi-
licus. The subcutaneous tissues and linea alba are divided with 
either the scalpel or electrocautery until the peritoneum is 
identified. This is elevated and entered sharply with a scalpel 
or Metzenbaum scissors. A self-retaining retractor is placed, 
and the liver, peritoneum and other organs are inspected and 
palpated for evidence of other pathology. 

 The peritoneal reflection is incised lateral to the cecum, 
and this incision is carried superiorly toward the hepatic 
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 flexure of the colon. The right ureter must be identified and 
preserved as it crosses anteriorly over the right common iliac 
bifurcation. The colon is further mobilized medially lifting 
the mesentery from the retroperitoneum. As the dissection is 
carried toward the hepatic flexure, the second and third por-
tions of the duodenum must be identified and protected from 
injury (Fig.  22.1 ). The duodenum is kept posteriorly while the 
colon is brought anteriorly during dissection from the retro-
peritoneum (Fig.  22.2 ). The vessels in the hepatocolic liga-
ment are ligated and divided and the lesser sac is entered 
mobilizing the proximal transverse colon.

    The omentum is dissected free from the transverse colon 
at the distal resection site and divided using either the clamp 
and tie technique, or using a vessel sealing device (ultrasonic 
coagulating shears or electrothermal bipolar vessel sealers). 
If performing the operation for benign disease, the  mesenteric 

  Figure 22.1    The right colon is retracted medial while dividing the 
lateral peritoneal attachments, taking care to identify and preserve 
the right ureter. As the dissection is carried superiorly, the duode-
num must be identified and protected       
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attachments of the right colon can be divided close to the 
mesenteric border of the colon. If the operation is performed 
for malignancy, the resection site should be chosen to ensure 
a luminal margin of at least 5 cm [ 11 ]. A window is created in 
the transverse mesocolon at the site where the colon will be 

  Figure 22.2    As the right colon is mobilized and rotated medially, 
the second and third portion of the duodenum should be identified 
and kept posterior       
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divided, the marginal artery of Drummond is ligated and 
divided, and the transverse mesocolon is divided down to the 
base of the mesentery to identify the middle colic vessel 
bifurcation. The right branch of the middle colic is ligated and 
divided at its origin while the left branch is preserved. If the 
lesion is at the hepatic flexure or proximal transverse colon, 
the specimen can be extended by dividing the middle colic 
vessels at their base. If the right colic vessels are present, 
these are also divided at their origin, and the mesentery is 
divided down to the base of the ileocolic vessels (Fig.  22.3 ), 
which are also ligated and divided. The mesentery of the ter-
minal ileum is divided, and the proximal margin of the speci-
men should include 5–10 cm of small bowel [ 11 ,  12 ], although 
more can be excised for cecal tumors. The specimen is opened 
on the back table and inspected to ensure that it contains the 

  Figure 22.3    The mesentery of the right colon and, if necessary, the 
transverse colon is ligated. When malignant disease is resected, the 
ileocolic and right colic (if present) vessels are identified and 
divided near their origin to allow for adequate lymph node sam-
pling. The right branch of the middle colic is usually divided at its 
bifurcation from the left branch       
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lesion of interest and margins are appropriate. It can then be 
passed off the table and sent to surgical pathology.

   The ileocolic anastomosis can be created either in a hand- 
sewn or stapled fashion. We describe the side-to-side stapled 
approach. After initially dividing the mesentery as already 
described, the ileum and transverse colon are aligned side by 
side and enterotomies are made on the antimesenteric bor-
ders of both limbs of bowel. The two halves of a linear sta-
pler (typically 75 or 80 mm) are passed into the lumen of 
both the large and small bowel (Fig.  22.4 ). After firing the 
stapler, the intraluminal staple lines are inspected for bleed-
ing. The anterior and posterior staple lines should be slightly 
off-set, and a 60-mm transverse non-cutting stapler is used to 
close the end of the anastomosis distal to the prior enteroto-
mies (Fig.  22.5 ). The bowel is divided sharply on the stapler. 

  Figure 22.4    The side-to-side stapled anastomosis is constructed 
after resecting the specimen. Each half of the linear cutting stapler 
is passed through enterotomies in the terminal ileum ( left ) and 
transverse colon ( right ). Firing the stapler creates a lumen through 
the antimesenteric borders of the intestine       
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This staple line can be oversewn if desired with interrupted 
imbricating sutures, and the mesenteric defect can be closed 
with a running absorbable suture to prevent risk of internal 
hernia. The abdomen is irrigated, inspected for bleeding, and 
the fascia is closed with running absorbable suture. The sub-
cutaneous tissue is again irrigated, and the skin is closed.

        Laparoscopic Assisted Right Hemicolectomy 

 Laparoscopic assisted right hemicolectomy can be performed 
under general anesthetic with similar preparation and posi-
tioning as described above. Because of the reduction of 
 tactile sensation during the laparoscopic portion of the case, 
tattooing of the lesion colonoscopically takes on increased 
importance. 

  Figure 22.5    The common enterotomy from the side-to-side stapled 
anastomosis is closed using the transverse non-cutting stapler. Care 
is taken not to narrow the newly created lumen, and the staple line 
can be oversewn       
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 The abdomen can be entered using a Veress needle tech-
nique or the Hasson technique [ 13 ]. With the Hasson 
approach a 1–1.5 cm peri-umbilical incision is made and dis-
section is carried down until the linea alba can be identified 
and elevated. This is divided, and the peritoneum is sharply 
incised. Stay sutures are placed at the lateral edges of the 
fascia, and the 12 mm Hasson trocar is inserted into the abdo-
men. The stay sutures are used to secure the trocar in place, 
and the abdomen is insufflated to 15 mmHg with carbon 
dioxide. The laparoscope is inserted, and the abdomen is 
inspected for injury during insertion and for other intra- 
abdominal pathology which may preclude resection. In 
 general, a 30 ° scope is utilized for this procedure. Additional 
5 mm ports are placed in the supra-pubic midline and in the 
left lower quadrant; a third port can be placed in the left 
upper quadrant or in the right lower quadrant, depending on 
the need during dissection. 

 The colon may be mobilized using either a lateral to 
medial or medial to lateral approach. The lateral to medial 
approach is as follows: the patient is placed in Trendelenberg 
with tilt to elevate the right side. The terminal ileum is identi-
fied and retracted anteriorly, as is the appendix and cecum to 
allow incision of the peritoneal attachments. These are 
divided and dissection continues in a cephalad direction, tak-
ing care to identify the gonadal vessels and the right ureter as 
it passes over the right common iliac vessels and ensure that 
this remains posterior as the colon is mobilized anteriorly 
(Fig.  22.6 ). As the dissection approaches the hepatic flexure, 
the duodenum must be identified and protected (Fig.  22.7 ). 
The hepatocolic ligament and omental attachments are 
divided after placing the patient in a reverse Trendelenberg 
position. After completing the mobilization of the specimen, 
the terminal ileum and ascending colon are elevated to iden-
tify the ileocolic vessels at their origin (Fig.  22.8 ). A window 
is created on either side, and the vessels are divided using a 
vessel sealing or stapling device.

     For the medial to lateral approach, after entering the 
abdomen, the mesentery of the terminal ileum and right 
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colon is elevated, and the ileocolic vascular pedicle is identi-
fied (Fig.  22.9 ). The peritoneum overlying the mesentery is 
incised, and windows are made on either side of the vessels 
at the proximal base (Fig.  22.10 ). The duodenum is visual-
ized and swept posteriorly as the mesentery is elevated from 
the retroperitoneum. The ileocolic vessels are then divided 
with a stapler or energy sealing device (Fig.  22.11 ). Once 
they are divided, dissection can then continue, mobilizing 
the lateral peritoneal reflection of the colon. Care is again 
taken to free the hepatic flexure from the underlying duo-
denum during dissection. The remainder of the operation is 
as described above. Advantages of the medial to lateral 
approach include easier mesenteric dissection as the colon 

  Figure 22.6    Laparoscopic lateral-to-medial mobilization: the right 
colon lateral peritoneal attachments are incised and the colon 
retracted medially, anteriorly, and cephalad to allow dissection from 
underlying retroperitoneal structures including the right ureter and 
gonadal vessels. The psoas muscle and right iliac vessels are also seen       
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is tethered to the abdominal wall rather than being free to 
move, earlier identification and preservation of the ureter 
and gonadal vessels, decreased bleeding from early control 
of vascular pedicles, and decreased manipulation of the dis-
eased portion of colon [ 14 ].

     The proximal colon or terminal ileum is secured with laparo-
scopic graspers and all other ports are removed to desufflate the 
abdomen. The peri-umbilical port site is extended if necessary to 
accommodate a small wound protector device (2–6 cm length). 
The specimen is extracted and the remaining mesentery is 

  Figure 22.7    As with the open dissection, the right colon is lifted 
medially and anteriorly, allowing dissection of the third portion of 
the duodenum, which falls posteriorly as the retroperitoneal attach-
ments to the colon are divided       

  Figure 22.9    Laparoscopic medial-to-lateral mobilization: after 
identifying the terminal ileum and cecum, the vascular pedicle con-
taining the ileocolic vessels is identified and elevated       
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  Figure 22.8    Lateral-to-medial mobilization: after the right colon has 
been mobilized laterally, the ileocolic vessels are identified by elevat-
ing the terminal ileum and cecum. This allows creation of mesenteric 
windows on either side of the vessels prior to division at their origin       
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  Figure 22.10    Medial-to-lateral mobilization: the mesentery is incised 
around the vessels. Careful dissection is carried out to identify the 
duodenum and sweep the retroperitoneal structures posterior       
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divided to the mid-transverse colon and distal ileum. The side to 
side stapled ileocolic anastomosis is then created as described 
above. Closure of the large mesenteric defect is usually not pos-
sible, and thus is left open. The anastomosis is then replaced 
back into the abdomen, which is irrigated and inspected for 
bleeding. The fascial incision is closed with absorbable suture, 
and the skin and remaining port sites are irrigated and closed.  

    Further Innovations 

 Laparoscopic assisted colectomy is well accepted for treatment 
of benign and malignant disease of the colon [ 15 ,  16 ]. Variations 
of minimally invasive surgery are also described. This has 
included a single incision laparoscopic right hemicolectomy. 
For this technique, a gel port or specially formatted port allow-
ing insertion of multiple instruments is placed in the abdomen 
at the umbilicus. The case is then performed as described 
above. The specimen is then retrieved through the umbilicus, 
with the bowel exteriorized and anastomosis performed. A 
recent meta-analysis of nine comparative studies revealed no 
significant difference in postoperative outcomes or oncologic 
results with single incision laparoscopic right hemicolectomy 
compared to the standard laparoscopic approach, though pro-
spective randomized studies are lacking [ 17 ].   

    Postoperative Care 

 Patients are admitted to the general care floor for postopera-
tive monitoring and pain control. A nasogastric tube is not 
utilized. Early mobilization should be encouraged, and deep 

  Figure 22.11    Medial-to-lateral mobilization: the ileocolic vascular 
pedicle is isolated allowing safe division of the vessels at their mes-
enteric origin. Once divided, mobilization of the lateral peritoneal 
attachments of the right colon is performed       
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vein thrombosis prophylaxis should be continued. In appro-
priate patients, non-steroidal anti-inflammatory medications 
and other non-narcotic modalities of analgesia should be 
included to minimize narcotic requirements. A liquid diet can 
be started early postoperatively, and the diet advanced upon 
full return of bowel function. Patients can anticipate a 3–5 
day hospital stay and are ready for discharge upon return of 
bowel function, tolerating oral intake, ambulating, and appro-
priate pain control. Complications include wound infection, 
prolonged ileus, and anastomotic leak.     
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    Abstract     Sigmoid colectomy is the removal of the sigmoid 
colon for any benign or malignant indication, including diver-
ticulitis, volvulus, rectal prolapse, trauma, or malignancy. The 
procedure can be performed with either an open or laparo-
scopic approach depending on patient factors and surgeon 
experience. Potential advantages of a laparoscopic approach 
include faster recovery and a shorter hospital stay while 
remaining equivalent to open surgery in terms of oncologic 
outcomes. Currently, alternative methods including robotic 
and single site procedures are being further investigated.  
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        Indications 

 Sigmoid colectomy is indicated for a variety of benign and 
malignant conditions. More common benign indications for 
sigmoidectomy include diverticulitis, sigmoid volvulus, 
trauma, and rectal prolapse when combined with rectopexy. 
Sigmoid resection for colon cancer is indicated for all cancers 
without evidence of advanced disease. 

 The risk of developing diverticular disease approaches 50 % 
by age 60 for patients in the United States with diverticulitis 
occurring in 20–30 % [ 1 ]. Complicated diverticulitis is defined 
as diverticulitis associated with free perforation, abscess, 
obstruction, stricture or fistula. Extent of diverticulitis can be 
classified using the Hinchey system [ 2 ,  3 ]. Emergent surgical 
intervention is indicated in cases of perforated diverticulitis 
with peritonitis, Hinchey stages III and IV [ 3 ]. Laparoscopic 
surgery has been shown to be safe and feasible even for severe 
diverticulitis [ 4 ]. Elective surgery can be offered after recovery 
of multiple recurrent episodes of simple diverticulitis or a single 
episode of complicated diverticulitis, though patient selection 
and operative timing are somewhat controversial and more 
conservative than previous guidelines [ 1 ,  3 ]. 

 Sigmoid volvulus typically affects elderly males older than 
70, diabetics, and those with neuropsychiatric disorders and 
has a high overall mortality approaching 10 %. Management 
often begins with colonoscopic decompression followed by 
surgical resection during the hospital stay [ 5 ]. Sigmoid resec-
tion has historically been combined with rectopexy using an 
anterior approach to treat rectal prolapse. This may be per-
formed when a very redundant sigmoid colon is encountered 
or severe constipation symptoms coexist [ 6 ]. 

 Sigmoid colectomy is indicated for most cases of malig-
nancy where widespread disease is not evident. However, 
with isolated, resectable liver metastasis, resection of a 
colonic primary adenocarcinoma along with hepatectomy 
can significantly improve 5-year survival up to 64 % [ 7 ]. As 
with any oncologic colectomy, appropriate en bloc  mesenteric 
resection is required to adequately sample lymph nodes for 
staging purposes. 
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 Laparoscopic sigmoid colectomy for both benign and malig-
nant disease is associated with significantly shorter hospital stay, 
lower hospital cost, lower re-admission rate, and fewer compli-
cations [ 8 ]. The rate of recurrence after oncologic resection is 
similar for laparoscopic and open surgery [ 9 ]. In carefully 
selected patients with BMI 20–30, single incision laparoscopic 
(SILS) colectomy is safe and feasible with low morbidity (12 %) 
and good oncologic outcome. Most surgeons report that SILS is 
more difficult than conventional laparoscopy with longer opera-
tive times and equivalent post- operative outcomes [ 10 ].  

    Preoperative Preparation 

 Pre-operative imaging and endoscopic evaluation should be 
completed as needed to thoroughly evaluate the condition 
prior to the operation. A bowel preparation is usually ordered 
and administered at home the day prior to surgery. Standard 
preparations include polyethylene glycol or magnesium citrate 
combined with erythromycin, neomycin, or metronidazole. 
The use of oral antibiotics with a mechanical bowel prepara-
tion alone does not reduce surgical site  infections, but is effec-
tive when combined with systemic peri- operative antibiotics 
[ 11 ]. Bowel preparation reduces the rate of abscess formation 
after anastomotic leak, but does not reduce the rate of leak 
itself [ 12 ]. However, the routine use of bowel preparation has 
been questioned as an updated review failed to demonstrate 
significant differences in infectious complications [ 13 ]. The 
patient should then be made “nil per os” 12 h prior to the 
procedure. An epidural may be considered for post-operative 
pain control after open procedures, though its effect on return 
of bowel function and length of hospital stay is uncertain [ 14 ].  

    Positioning and Anesthesia 

 The patient receives general anesthesia with endotracheal 
intubation. Sequential compression devices should be placed 
on the lower legs bilaterally and subcutaneous heparin should 
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be administered for deep vein thrombosis prophylaxis prior to 
induction. A foley catheter should be placed for urinary drain-
age and monitoring. The patient is placed in a modified low 
lithotomy position with ample padding to protect the patient’s 
lower legs, with particular attention paid to the lateral leg to 
avoid compression of the peroneal nerve again the head of the 
fibula. It is important that the hips have minimal flexion for 
laparoscopic procedures to maximize the surgeon’s range of 
motion during dissection. The legs should be abducted suffi-
ciently to allow exposure to the anus. The arms can be secured 
either on padded arm boards at a 90° angle to the body’s axis 
for an open procedure or the right arm or both can be tucked 
for laparoscopic procedures. An orogastric tube should be 
placed to decompress the stomach during the procedure. The 
skin of the abdomen and perineum should be widely prepped. 
A single dose of antibiotics is administered within 60 min of 
incision as per the Surgical Care Improvement Program guide-
lines (SCIP inf-1). The choice of antibiotic is based on SCIP 
inf-2 recommendations, often a second generation cephalospo-
rin or a combination of ciprofloxacin and metronidazole. These 
should be appropriately re-dosed according to pharmaceutical 
guidelines as needed during the procedure [ 15 ].  

    Description of the Procedure 

    Open Sigmoid Colectomy 

 An open procedure begins with a lower midline laparotomy 
from the umbilicus to the pubic symphysis. A scalpel is used to 
incise the skin and cautery used to dissect through the subcu-
taneous fat. The fascia can then be incised sharply with either 
a scalpel or scissors. Cautery can be used to divide the fascia 
superiorly and inferiorly with two fingers placed beneath to 
protect the bowel. The peritoneum and pre- peritoneal fat can 
also be divided in this fashion, taking care to avoid the bladder 
inferiorly by incising the peritoneum in a lateral direction as 
the incision nears the pubic symphysis. The incision can be 
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taken superior to the umbilicus if additional exposure is 
needed. After the incision has been enlarged to the desired 
size, a self-retaining retractor is placed to secure exposure of 
the surgical site. The abdomen is first explored and the small 
bowel is gently packed out of the surgical field by placing 
damp laparotomy pads over the small bowel loops and gently 
securing them in place superiorly with a self-retaining retrac-
tor. Additional damp laparotomy pads can be placed as 
needed to expose the surgical field. 

 Mobilization of the sigmoid colon then begins by incising 
the lateral peritoneal attachments, along the white line of 
Toldt usually using cautery. Care is taken to stay anterior to 
the retroperitoneal fascia to avoid iatrogenic injury of retro-
peritoneal structures, including the ureter and iliac vessels. 
The mobilization is taken both superiorly to the splenic 
 flexure and inferiorly to the pelvic brim (Fig.  23.1 ). As the left 

  Figure 23.1    Mobilization of the sigmoid colon can be performed in 
a lateral to medial fashion by incising the white line of Toldt and 
separating the sigmoid mesentery from the retroperitoneum. Here 
is the sigmoid colon after complete mobilization       
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colon is mobilized medially, the left ureter and gonadal 
 vessels can be identified in the retroperitoneum (Fig.  23.2 ). If 
it appears during medialization of the left colon that addi-
tional length will be needed to complete the anastomosis 
after resection, the splenocolic ligament can be divided and 
the splenic flexure carefully dissected free. It is important to 
gently gauge the amount of pressure exerted on the ligamen-
tous attachments to the spleen in order to avoid iatrogenic 
injury. The omentum can be removed from the distal trans-
verse colon if necessary to increase mobility.

    The bowel can then be divided proximally using a linear 
stapling device or sharply with a scalpel between two non- 
crushing bowel clamps. The distal bowel is divided at the recto-
sigmoid junction (or more distal if necessary to achieve 
adequate margins) using either a non-cutting or a linear sta-
pler. The mesentery is then divided using a bipolar energy 
device, such as the LigaSure™ (Covidien, Mansfield MA). 
Alternatively, sections of mesentery can be clamped and 
sharply divided between absorbable ties for vascular ligation. 

  Figure 23.2    Care should be taken to avoid injuring the structures in 
the retroperitoneum during mobilization, in particular the ureter 
and the gonadal vessels       
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If the resection is being performed for malignancy, the mesen-
teric resection should occur proximally at the root of the mes-
entery where the inferior mesenteric artery (IMA) and vein 
(IMV) are identified. The peritoneum is scored on either side 
of the IMA and the vessel completely dissected to allow safe 
transection. A LigaSure™ device (Covidien, Mansfield MA) 
or suture ligation can be used to ligate this vessel. The IMV is 
identified lateral to the IMA, near the ligament of Treitz and is 
divided separately. After completion of the sigmoid resection, 
the specimen should be opened off the field to ensure the pres-
ence of the expected lesion and confirm margins. 

 The bowel anastomosis is generally performed using a 
stapled technique, which is faster than hand-sewn and associ-
ated with equivalent rates of clinically evident leakage, mor-
bidity, and post-operative mortality [ 16 ]. The proximal bowel 
is elevated and a purse-string suture is placed circumferen-
tially. The bowel is then opened and the anvil of an end-to- 
end circular stapler is placed inside the bowel lumen. The 
purse-string suture is closed tightly around the shaft of the 
anvil and tied. It is important to ensure good apposition of 
the bowel to the anvil shaft circumferentially. Care should 
also be taken to exclude epiploica, colonic fat, or diverticula 
from the surface of the anvil at the chosen anastomotic loca-
tion as these can inhibit the creation of an intact staple line. 
One of the operating surgeons then inserts an end-to-end 
circular stapler trans-anally and gently maneuvers it in place 
so that the spike is deployed near the center of the distal 
staple line. The shaft of the anvil is secured to the circular 
stapler spike and the stapler is then closed and fired. The 
proper alignment of the descending colon and the absence of 
tension should be confirmed prior to completing the anasto-
mosis. The stapler is then opened and slowly removed using 
small twisting movements, until the luminal anvil has tra-
versed the new anastomosis. The anastomotic rings are 
inspected on the back table to ensure a full circumferential 
anastomosis. We typically perform a leak test to inspect our 
anastomosis. The proximal colon is digitally occluded, the 
anastomosis submerged with warm normal saline irrigation, 
and the rectum and distal colon insufflated with air using a 
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rigid proctoscope. The anastomosis is carefully observed for 
any evidence of air bubbles. With the anastomosis complete, 
the abdomen is then inspected for hemostasis, warm irriga-
tion can be performed, and the retractors removed. All lapa-
rotomy pads are removed and a count confirmed prior to 
closure. The fascia is closed using a running monofilament 
absorbable suture and the skin closed.  

    Laparoscopic-Assisted Sigmoid Colectomy 

 A sigmoid colectomy can be safely and effectively performed 
laparoscopically with improved post-operative recovery, 
length of stay, and pain control [ 8 ]. We perform sigmoid 
 colectomies with a lap-assisted technique using a small lower 
midline, transverse Pfannenstiel or vertical peri-umbilical 
incision to extract the specimen and exteriorize the proximal 
bowel limb for anvil placement. Hand-assisted techniques 
also exist for sigmoid colectomy. Entry to the abdomen is 
obtained by either the Hassan technique or a Veress needle 
at the umbilicus. Two additional ports are placed, often in the 
suprapubic (5 mm) and right lower quadrant (12 mm) loca-
tions. A fourth port can be placed as needed to aid retraction 
either in the left lower quadrant or the right upper quadrant, 
depending on patient habitus and anatomy (Fig.  23.3 ). After 
the ports are placed, a 30° camera is introduced into the 
abdomen and the bowel underlying the ports is examined for 
iatrogenic injury.

   There are two approaches for a laparoscopic sigmoid col-
ectomy: lateral-to-medial and medial-to-lateral dissection. In 
the lateral-to-medial approach, atraumatic graspers are used 
to retract the sigmoid colon medially and a scissors cautery or 
LigaSure™ (Covidien, Mansfield MA) device are used to 
take down the lateral peritoneal attachments (Fig.  23.4 ). The 
left ureter and gonadal vessels are identified and preserved 
lateral to the dissection plane. The dissection proceeds supe-
riorly as described previously and the splenic flexure attach-
ments mobilized if necessary (Fig.  23.5 ). Once the colon has 
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been sufficiently mobilized, the IMA is identified near its 
take-off from the aorta and the mesenteric peritoneum 
scored on either side of the vessel. The IMA is then ligated 
using a linear stapling device with a vascular load or the 
LigaSure™ (Covidien, Mansfield MA) bipolar device. If 
additional security is desired, metal clips can be placed on the 
proximal IMA prior to transection. The IMV is then identi-
fied laterally and also transected. The mesentery is then 
sequentially divided inferiorly toward the rectosigmoid junc-
tion. In the medial-to-lateral approach, the IMA and IMV 
are identified and transected prior to mobilization of the 
colon. With the mesentery divided, the rectosigmoid or 

  Figure 23.3    Port placement for a laparoscopic sigmoid colectomy. 
In this case, we chose use the Hassan technique to enter the abdo-
men at the umbilicus. Three additional 5 mm ports are placed in the 
suprapubic midline, the right lower quadrant and the right upper 
quadrant. We have additionally marked the patient’s lower midline 
prior to insufflation       
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  Figure 23.4    The lateral-to-medial dissection begins laparoscopi-
cally with division of the lateral peritoneal attachments of the 
descending colon to the left lateral abdominal wall       

  Figure 23.5    The descending colon is completely mobilized medially 
as the plane between the colonic mesentery and the retroperito-
neum is developed. The splenic flexure can be mobilized as needed 
to gain additional length on the remaining colon in order to com-
plete the anastomosis       
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 proximal rectum is divided intra-corporeally with an endo-
GIA stapler placed via the right lower quadrant port.

    A small access incision can now be made in either a trans-
verse or vertical midline suprapubic or peri-umbilical loca-
tion. A small wound protector is placed and the sigmoid 
specimen delivered from the abdomen (Fig.  23.6 ). The proxi-
mal colon is divided with a linear cutting stapler or transected 
after placing a non-crushing bowel clamp followed by purse 
string suture and anvil placement (Fig.  23.7 ). If the distal anas-
tomosis is not divided intra-corporeally, it can be transected 
via the suprapubic incision with a non-cutting stapler 
(Fig.  23.8 ). The specimen is again examined off the field to 
confirm lesion location and margins. The anastomosis can now 
be completed as described above (Figs.  23.9 ,  23.10 , and  23.11 ) 
or by placing the colon back into the abdomen with re- 
insufflation. A stapled intra-corporeal anastomosis is then 

  Figure 23.6    The sigmoid colon is exteriorized through a small lower 
midline or Pfannenstiel incision. A wound protector is placed to 
minimize the risk of surgical site infection. In this case, the lesion 
had been previously tattooed during colonoscopy to allow for 
proper identification during surgery       
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  Figure 23.7    The proximal descending colon is divided using a linear 
cutting stapler via the extraction site       

  Figure 23.8    Dividing the specimen at the desired distal location 
completes the resection. This can be done with a non-cutting stapler 
(open). This device only staples, so the surgeon must cut the speci-
men using a scalpel after the stapler has been fired. This portion of 
the procedure can be done laparoscopically as well using a cutting 
stapler       
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  Figure 23.9    After the staple line has been sharply divided from the 
proximal colon, the anvil is carefully placed inside the lumen       

  Figure 23.10    The purse-string suture is then tightly closed to cir-
cumferentially secure the bowel edges around the shaft of the anvil. 
It is critical to ensure that the bowel wall encircling the anvil is clear 
of diverticuli or fatty deposits. A second purse-string can be placed 
as needed to ensure a successful anastomosis       
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performed with the circular end-to-end anastomosis stapler. 
The abdomen is inspected for hemostasis and irrigated as 
needed. The access incision is closed with a running absorb-
able monofilament suture as is the 12 mm port site using an 
endo-close needle technique. The skin of all port sites and the 
access incision can be closed with subcuticular absorbable 
sutures.

             Post-operative Care 

 The length of time to return of bowel function depends on 
multiple patient factors and is highly variable. Close attention 
should be paid to electrolyte and fluid imbalances and a foley 
catheter should be used to monitor urine output and gauge 
intravascular fluid resuscitation. Oral intake can be started at 
the surgeon’s discretion. Existing evidence suggests that early 
initiation of enteral feeding can reduce the overall risk of 
infection and decrease length of hospital stay without 

  Figure 23.11    The completed end-to-end anastomosis is shown here. 
An additional layer of silk Lembert interrupted sutures can be 
placed to reinforce the anastomosis if desired       
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 increasing re-admissions [ 17 ,  18 ]. Oral pain medication can 
be started with the initiation of a diet. Multimodal post- 
operative analgesia should be administered and narcotics 
minimized as much as possible to reduce opioid-associated 
delayed gastrointestinal recovery [ 19 ]. Post-operative antibi-
otics are generally not indicated as prolonged dosing increases 
the risk of Clostridium difficile and the development of resis-
tant bacteria [ 15 ]. The patient can be discharged home when 
they are tolerating a general diet, ambulating without diffi-
culty, and have good pain control on oral medications.     
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    Abstract     Low anterior resection (LAR) and abdomino-
perineal resection (APR) are the primary surgical interven-
tions for rectal cancer. Proctectomy with an ultra-low or 
colo-anal anastomosis can also be performed as part of the 
surgical treatment for benign diseases, such as ulcerative 
colitis and familial adenomatous polyposis. The procedures 
are performed both open and laparoscopically, depending on 
various patient factors, disease pathophysiology, and surgeon 
preference. Robotic LAR or APR may also be performed 
with similar outcomes depending on surgeon experience.  
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        Indications 

 Low anterior resection (LAR) and abdominoperineal resec-
tion (APR) are the primary surgical interventions for rectal 
cancer, which is any malignant lesion within 12–15 cm of the 
anal verge. Low anterior resection with a 5 cm distal margin 
is typically performed for lesions in the upper rectum. For 
low or mid rectal lesions, an LAR can be performed if a 
1–2 cm margin can be obtained without compromising anal 
sphincter function along with a complete mesorectal excision. 
If an appropriate margin cannot be obtained, the lesion 
invades the anal sphincter complex or the levator muscula-
ture, or the patient has significant pre-operative incontinence, 
an abdominoperineal resection is performed. This involves 
the en bloc resection of the rectum, anus, mesorectum, and 
perianal soft tissues, as well as the creation of a permanent 
end colostomy. Select small, early stage rectal cancers (e.g. Tis 
and T1) can be treated with a transanal approach, including 
transanal endoscopic microsurgery, however, this is contro-
versial as the risk of local recurrence is higher (13.2 % versus 
2.7 %, respectively) and disease specific survival lower than 
with radical surgical excision [ 1 ,  2 ]. 

 The hallmark of an appropriate oncologic resection for 
rectal cancer is a total mesorectal excision: the complete 
resection of the mesorectum including the vasculature, lym-
phatic structures, fatty tissue, and intact mesorectal fascia. A 
successful mesorectal excision removes tissues which contain 
early lymphatic spread of cancer and can significantly lower 
the local recurrence rate in node-positive rectal cancers [ 3 ,  4 ]. 
The circumferential resection margin has significant prognos-
tic importance: tumor located within 1 mm of this margin is 
considered positive. The circumferential margin, especially 
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when less than 2 mm, is a strong predictor of both local recur-
rence and overall survival [ 5 ]. 

 The current standard of care is to offer neoadjuvant che-
motherapy and radiotherapy to patients who have clinical 
stage II or III rectal cancer, as determined by endorectal 
ultrasound or pelvic MRI. Pre-operative chemoradiotherapy 
is associated with a reduction in local recurrence and similar 
overall survival when compared with post-operative treat-
ment [ 6 ]. Chemotherapy, when combined with radiation, 
increases the chance of pathologic complete response and 
improves local control when compared to radiation alone [ 7 ]. 
Pre-operative treatment also increases the chance of preserv-
ing the sphincter complex and reduces potential post- 
operative radiation damage to other intraabdominal organs, 
such as the small bowel. Twenty percent of patients undergo-
ing neoadjuvant therapy will have a pathologic complete 
response which confers a significant survival advantage com-
pared to moderate or non-responders [ 8 ]. This has led some 
groups to take up a “wait and see” non-surgical management 
policy for complete responders, as based on imaging and 
endoscopy, with good initial results [ 9 ]. 

 The surgical procedures can be performed both open and 
laparoscopically, depending on various patient factors, disease 
pathophysiology, and surgeon preference and experience. 
Robotic LAR or APR is also being performed at some centers.  

    Preoperative Preparation 

 Pre-operative imaging and procedures, such as endorectal 
ultrasound, pelvic MRI, and computed tomography of the 
chest, abdomen, and pelvis with IV and oral contrast should 
be completed as needed to thoroughly stage the patient prior 
to an operation. All patients diagnosed with rectal cancer 
should undergo a complete colonoscopy to evaluate for syn-
chronous lesions and rule out other pathology prior to con-
sideration for resection. If sphincter preservation (LAR) is 
planned, consideration should also be given to current 
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continence status as well, since this may influence final pro-
cedural decision making. A bowel preparation consisting of 
magnesium citrate or polyethylene glycol combined with 
erythromycin, neomycin, or metronidazole is administered 
the evening prior to surgery. There is some conflicting data 
regarding the efficacy of a mechanical bowel preparation in 
preventing surgical site infection and anastomotic 
complications  [ 10 – 12 ], so its use is ultimately determined by 
the surgeon. The patient should then be made “nil per os” 
12 h prior to the procedure. An epidural can be considered 
for post-operative pain control for open procedures.  

    Positioning and Anesthesia 

 The patient should undergo induction of general anesthesia 
with endotracheal intubation. Sequential compression devices 
should be placed on the lower legs bilaterally and subcutane-
ous heparin should be administered for deep vein thrombosis 
prophylaxis prior to induction, unless there is a documented 
contraindication. A foley catheter should be placed for uri-
nary drainage and monitoring of urine. The patient should be 
placed in a modified low lithotomy position as described in 
the prior chapter with sterile leg covers in place to allow for 
intra-operative adjustment to access the perineum. Care 
should be taken to ensure that the patient’s perineum is 
located at the break of the table to allow access during the 
perineal dissection (APR) or passage of the circular stapler 
(LAR). The arms can be secured either on padded arm 
boards at a 90° angle to the body’s axis for an open procedure 
or the right arm can be tucked for laparoscopic procedures. 
An orogastric or nasogastric tube should be placed to decom-
press the stomach and proximal small bowel during the 
procedure. The skin of the abdomen and perineum is widely 
prepped and the rectum irrigated with a flexible rubber cath-
eter and betadine solution. A single dose of antibiotics which 
covers gram negative, gram positive, and anaerobic bacteria 
should be administered (SCIP INF-2) within 60 min of inci-
sion (SCIP INF-1) [ 13 ], often a second generation cephalo-
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sporin or a combination of ciprofloxacin and metronidazole. 
These should be appropriately re-dosed according to phar-
maceutical guidelines as needed during the case [ 14 ]. A digi-
tal rectal exam should always be performed prior to draping 
the patient to confirm tumor location and planned level of 
resection.  

    Description of the Procedure 

    Low Anterior Resection 

 The open procedure begins with a lower midline laparotomy 
from the umbilicus to the pubic symphysis. Care should be 
taken to avoid the bladder inferiorly by incising the perito-
neum in a lateral direction as the incision nears the pubic 
symphysis. If the operation is being performed for a malig-
nancy, the abdomen should be examined for metastases, par-
ticularly the liver and omentum. A self-retaining retractor is 
placed and the small bowel packed out of the field using 
damp laparotomy pads. The patient can be placed in 
Trendelenburg position to facilitate the pelvic dissection. 

 Mobilization of the sigmoid colon then begins by incising 
the lateral peritoneal attachments, starting with the white line 
of Toldt, using cautery. Care is taken to stay anterior to the 
retroperitoneal fascia to avoid iatrogenic injury of retroperi-
toneal structures, including the ureter and iliac vessels. The 
mobilization is taken both superiorly to the splenic flexure 
(which may be taken down as needed) and inferiorly to the 
pelvic brim. As the left colon is mobilized medially, the left 
ureter and gonadal vessels are identified in the 
retroperitoneum. 

 The bowel can then be divided at an appropriate location 
in the sigmoid or descending colon using a linear stapling 
device. This allows for improved mobility of the distal bowel 
segment to aid in the pelvic dissection. The mesentery may be 
divided using an energy device, such as the LigaSure™ 
(Covidien, Mansfield MA) or clamps and absorbable ties. The 

Chapter 24. Low Anterior Resection 



434

inferior mesenteric artery (IMA) and vein are identified by 
palpation. The peritoneum is scored on either side of the 
IMA and the vessel should be completely dissected to allow 
safe transection (Fig.  24.1 ). A LigaSure™ device or suture 
ligation can be used to ligate the vessel at its take-off from 
the aorta (“high ligation”). The hypogastric nerves should be 
visualized and swept posteriorly, to avoid inadvertent injury. 
The LigaSure™ can then be used to further divide the mes-
entery inferiorly toward the rectosigmoid junction.

   A total mesorectal excision is then performed by retract-
ing the distal sigmoid colon and rectum anteriorly and find-
ing the avascular plane behind the mesorectum (Fig.  24.2 ). 
The peritoneum is first scored on either side of the rectum 
down to its anterior reflection which is also incised. Then 
electrocautery is used to dissect the areolar tissues posteri-
orly and laterally down to the level of the pelvic floor, keep-
ing the mesorectal envelope intact (Fig.  24.3 ). Care should be 

  Figure 24.1    A window is made behind the IMA and IMV to isolate 
these structures prior to transection. The hypogastric nerves are 
identified and swept posteriorly to avoid injury       
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taken to avoid the hypogastric nerves which course along the 
pelvic sidewalls bilaterally. Injury to these nerves can result in 
sexual and urinary dysfunction. Anteriorly, the dissection fol-
lows closely along the rectum and care is taken to avoid 
injury to the seminal vesicles and prostate gland in the male 
and the posterior vaginal wall in the female (Fig.  24.4 ). 
Preservation of the fascia propria which envelops the rectum 
is a key maneuver that has been shown to reduce local tumor 
recurrence [ 3 ,  4 ]. The dissection continues distally until the 
levator muscles have been identified circumferentially at the 
pelvic floor, and the mesorectum has ended.

     For upper third rectal tumors, a general margin of approxi-
mately 5 cm is suggested. In these cases the mesorectum may 
be divided perpendicular to the rectum. For middle or lower 
third rectal tumors, a complete mesorectal excision is neces-
sary and a distal margin of 2 cm is customary, although a 
smaller margin may be acceptable in certain patient popula-
tions where preservation of the sphincter complex is possible, 

  Figure 24.2    The divided colon is retracted anteriorly to visualize 
the posterior, avascular, retro-rectal dissection plane       
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especially after neo-adjuvant treatment [ 15 ]. The rectum is 
divided distal to the tumor with an appropriate margin with 
a thoracoabdominal (TA) linear stapler and a scalpel 
(Fig.  24.5 ). A digital rectal exam should be performed after 
the TA has been positioned to confirm appropriate location 
prior to completion of the resection. The specimen should be 
opened on the back table and subsequently sent to pathology 
to confirm negative margins. An anvil is then secured within 
the lumen of the proximal colon using a purse-string suture. 
Care should also be taken to exclude epiploica, colonic fat, or 
diverticula from the surface of the anvil as these can compro-
mise the integrity of the staple line. The end-to-end circular 
stapler is then inserted transanally and gently maneuvered 
into place so that the spike is deployed in the center of the 
distal staple line (Fig.  24.6 ). The anvil is secured to the circu-

  Figure 24.3    The total mesorectal excision is performed by dissect-
ing in the avascular plane posterior to the mesorectum and anterior 
to the sacrum. The dissection continues down to the levator muscles 
bilaterally. Identification and preservation of the hypogastric nerves 
is maintained throughout the dissection       
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lar stapler spike and the stapler is then closed and fired. The 
alignment of the descending colon should be confirmed to be 
in a straight line with no tension and all small bowel loops 
cleared from the surgical area prior to completing to anasto-
mosis. The stapler is then slowly removed until the luminal 
anvil has traversed the new anastomosis. The anastomotic 
rings are inspected on the back table to ensure a full 
 circumferential anastomosis and sent to pathology for evalu-
ation. A leak test is typically performed.

    Alternatively, for extremely low-lying rectal tumors, a 
colo-anal anastomosis can be performed with a colonic 
J-pouch in either a hand-sewn or stapled fashion. Colonic 
J-pouches may confer some advantages, such as reduced fecal 
incontinence, reduce frequency of bowel movements and 
urgency [ 16 ]. The J-pouch is configured by folding the distal 
colon back upon itself approximately 5–6 cm (Fig.  24.7 ). A 

  Figure 24.4    In females, the dissection continues between the ante-
rior rectum and posterior vaginal wall, leaving the anterior mesorec-
tum intact. In males, care should be taken to avoid injuring the 
prostatic urethra       
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colotomy is made at the base of the fold with cautery. A linear 
GIA stapler is then inserted through the colotomy with each 
arm passing into a separate lumen and fired, creating a com-
mon pouch. An anvil is then placed through this colotomy 
and a secured in place. The anastomosis is completed as 
 previously described. A hand-sewn colo-anal anastomosis is 
typically performed when the rectum must be sharply divided 
without closure, rather than using a stapler, in order to obtain 
a distal margin. A retractor is placed at the anal opening to 
view the dental line and the proximal resection margin. The 
segment of proximal colon is then brought down into the 

  Figure 24.5    When performing an LAR, at the completion of the 
mesorectal mobilization, the rectum is transected at least 1 cm 
beyond the level of the tumor utilizing a transverse, non-cutting 
stapler       
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surgical field and full-thickness interrupted absorbable 
sutures are used to circumferentially sew the colon to the 
anal canal.

   In most LAR cases, especially post-chemoradiation ther-
apy, a diverting loop ileostomy (see Stoma section) is per-
formed to reduce the morbidity associated with anastomotic 
leak.  

    Abdominoperineal Resection 

 APR is indicated for low-lying rectal cancers which are close 
to or involve the anal sphincter complex, in patients who 
require a rectal resection and have fecal incontinence at 

  Figure 24.6    An assistant then inserts the circular stapler through 
the anus and into the rectal pouch. The spike is advanced until it is 
visualized penetrating the center of the rectal cuff staple line. It is 
then fully deployed prior to attaching the anvil component and com-
pleting the anastomosis       
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baseline, or those with severe peri-anal inflammatory bowel 
disease in whom a distal anastomosis is not advised. The pro-
cedure involves the en bloc removal of the rectum, mesorec-
tum, and anus. 

 The abdominal portion of the APR is identical to the 
LAR. After complete mobilization of the rectum and meso-

  Figure 24.7    A colonic J-pouch is illustrated. The colon is folded 
over on itself and a side-to-side J-pouch is constructed with a linear 
cutting stapler. The J-pouch length should not exceed 5–6 cm in 
order to optimize post-operative function. The anvil of the circular 
stapler is placed at the apex and secured with a purse-string suture       
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rectum, the perineal dissection begins. The patient’s legs can 
be adjusted as needed to a high lithotomy position to expose 
the perineum. The anus is then exposed with a self-retaining 
retractor. An elliptical incision is made sharply around the 
anus and includes the entire anal sphincter complex (Fig.  24.8 ). 
Dissection continues posteriorly until the coccyx is encoun-
tered. The anococcygeal ligament is divided and blunt dissec-
tion is used to enter the presacral space just anterior to the 
coccyx that had been previously dissected transabdominally 
(Fig.  24.9 ). A finger can then be placed deep to the levator 
muscles laterally on either side to act as a guide for division 
bilaterally with cautery. Dissection then continues to the 
anterior aspect of the anal canal and distal rectum. This por-
tion of the dissection can be quite challenging in males as the 

  Figure 24.8    The perineal portion of the APR begins with an ellipti-
cal skin incision, including the anus and sphincter complex. 
Dissection continues circumferentially through the ischiorectal fat       
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membranous portion of the prostatic urethra is just anterior 
to this plane and can be easily damaged. In females, retrac-
tion of the vagina can facilitate separation of the anterior 
rectum and posterior vaginal wall. Eversion of the specimen 
through the perineal opening can also assist in completing 
the anterior dissection plane (Fig.  24.10 ). Once the specimen 
has been completely dissected circumferentially, it is removed 
from the perineal opening and sent to pathology for perma-
nent section (Fig.  24.11 ). The perineal incision in then closed 
in multiple layers in an anterior-posterior fashion using 
absorbable suture. We typically close the skin with nylon 
suture (Fig.  24.12 ). After the perineum has been closed, atten-
tion is then turned to the creation of an end colostomy, which 
is described in the Stoma section. Much of the abdominal and 

  Figure 24.9    The anus is retracted anteriorly and the posterior dis-
section continues to the level of the coccyx. The anococcygeal liga-
ment is divided and the presacral space can then be entered       
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perineal portions of the APR procedure can be done simulta-
neously by two operating surgeons.

           Laparoscopic and Robotic LAR and APR 

 Laparoscopic LAR may be performed safely and effectively 
with similar 10-year oncologic outcomes and improved short- 
term post-operative recovery [ 17 ]. We typically use a lap- 

  Figure 24.10    With the posterior and lateral dissection complete, the 
specimen can be exteriorized posteriorly through the perineal inci-
sion to facilitate dissection of the anterior plane       
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assisted technique and with a small lower midline or 
Pfannenstiel incision to remove the resected specimen and 
place the anvil prior to anastomosis. Alternatively, the site of 
the diverting loop ileostomy can be used to remove the speci-
men and access the bowel, thus decreasing the number of 
larger incisions on the abdominal wall. The technique is the 
same as that described in the prior sigmoid chapter using a 
medial to lateral approach, though the mesorectal excision is 
then performed laparoscopically followed by intra (endo- 
GIA) or extracorporeal (TA) stapling. 

  Figure 24.11    After the dissection and excision is complete, the 
specimen is removed and the perineal wound is in direct communi-
cation with the pelvis       
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 Robotic APR has been shown to be safe and feasible with 
comparable short-term oncologic outcomes, however, more 
studies are needed to elucidate improved outcomes in order 
to justify the higher cost [ 18 ]. The technique begins with the 
placement of four robotic trocars across the lower 
mid- abdomen, as well as one or two laparoscopic-assisted 
trocars in the right upper quadrant. The sigmoid colon is dis-
sected laparoscopically in a medial to lateral fashion with a 
high ligation of the IMA as previously described. The proxi-
mal colon is then divided with a linear GIA stapler and the 

  Figure 24.12    The perineal wound is closed in multiple layers with 
absorbable suture to prevent dehiscence. We typically approximate 
the skin with vertical mattress sutures to accommodate wound 
drainage. Care must be taken in the post-operative period to avoid 
unnecessary pressure on the perineal wound from sitting       
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robot is subsequently docked. The TME is then performed 
with the robot using three arms to aid in retraction and dis-
section. The levators can be divided circumferentially to the 
level of the ischial fat with this technique, allowing a much 
easier and faster perineal dissection. Once the robotic dissec-
tion has been completed, the perineal dissection and end 
colostomy formation are performed as usual. The use of the 
robot has been suggested to provide superior visualization of 
pelvic structures allowing a more precise dissection [ 19 ].   

    Post-operative Care 

 In the immediate post-operative period, a foley catheter is 
maintained to monitor urine output and to avoid voiding dif-
ficulties with the extended pelvic dissection. Initiation of oral 
intake can be started at the surgeon’s discretion, but patients 
are often able to advance quickly due to the presence of a 
diverting or end ostomy. Oral pain medication can be started 
with the initiation of a diet. In LAR patients, per rectum 
medications should be strictly avoided to reduce the risk of 
anastomotic injury. In APR patients, the perineal wound 
should be examined daily for evidence of breakdown or 
infection. The patient can be discharged home when they are 
tolerating a general diet, ambulating without difficulty, and 
have good pain control on oral medications.     
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    Abstract     Small bowel and colon stomas are used to divert 
bowel contents for healing of a new anastomosis, in the set-
ting of abnormal gastrointestinal function, or in patients with 
incontinence or a low rectal cancer. Patients should undergo 
preoperative counseling regarding living with an ostomy, as 
well as preoperative stoma site marking. Important concepts 
in stoma creation include avoidance of stoma creation in 
the setting of infection, ensuring adequate blood supply to 
the stoma, and preventing tension in the underlying bowel. 
Postoperative care consists of patient education on stoma care 
and avoidance of dehydration due to high ostomy output.  
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        Indications 

 The terms stoma or ostomy refer to surgically created open-
ings in the gastrointestinal tract that allows for diversion of 
the fecal stream. In the setting of abdominal surgery, the 
small bowel or colon may be used. The procedure is named 
for the segment of intestine used. For example, a stoma cre-
ated from colon is called a colostomy, while the use of the 
ileum creates an ileostomy. An intact loop of intestine can be 
used creating a loop colostomy or ileostomy, however if the 
bowel is completely transected and brought out of the abdo-
men it is termed an end colostomy or ileostomy. 

 Stomas are formed to divert gastrointestinal contents to 
allow for healing and prevent contamination of the abdominal 
cavity [ 1 ]. Indications for stoma formation include intestinal 
perforation or obstruction secondary to neoplasm, inflamma-
tory bowel disease, or diverticulitis. An ostomy may also be 
indicated to divert enteric transit from a new intestinal anasto-
mosis following bowel resection. Diverting ostomies have been 
demonstrated to decrease complication rates following low 
pelvic anastomoses [ 2 ]. Stomas are typically temporary and a 
second operation is required to restore bowel continuity. A per-
manent ostomy may be indicated when the muscles controlling 
elimination are ineffective or when normal intestinal function is 
impaired. The most common indications for permanent osto-
mies are low rectal cancers and inflammatory bowel disease.  

    Preoperative Preparation 

 Pre-operative patient counseling is necessary to prepare 
patients for caring for and living with an ostomy. While 
patients have varying responses to ostomy formation, creation 
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of a stoma is associated with many psychosocial issues and 
can dramatically affect patients’ quality of life [ 3 ]. Patients 
who receive ostomy specific pre-operative teaching have 
been found to have shorter length of hospital stay, become 
proficient in ostomy care more quickly, and have fewer post-
operative interventions in the community [ 4 ]. 

 Pre-operative stoma site marking is essential to ensure a 
proper stoma site and good overall function. The location of 
the ostomy plays an important part in its overall function and 
pre-operative marking has been found to be associated with 
decreased complication rates and improved patient quality of 
life [ 4 ]. Often this is performed by an enterostomal therapist 
or ostomy nurse. The following variables should be taken into 
consideration when marking a potential stoma site: abdomi-
nal wall contour while sitting and standing, accessibility of 
site to patient, relation to belt line, segment of bowel to be 
utilized, and abdominal girth. Due to concerns about ostomy 
appliance placement, skin folds and pannus should be 
avoided. End colostomies are typically located on the patient’s 
left side in the left lower quadrant, while ileostomies are 
often in the right lower quadrant. The ostomy should be cre-
ated through the rectus muscle to provide additional support. 
Most commonly, the ostomy is placed on the imaginary line 
from the umbilicus to the anterior superior iliac spine, 
through the rectus muscle, in either the right or left lower 
quadrant. However, if the belt line, skin folds, or pannus pre-
vent easy access by the patient in this location, alternative 
sites may be chosen. In elective operations, it may be helpful 
to have the patient wear an adhesive ostomy appliance for a 
few days prior to the procedure to ensure optimal 
placement.  

    Positioning and Anesthesia 

 The patient may be placed in the supine or low lithotomy 
position depending on the procedure. Patients who are having 
a bowel resection with a planned rectal anastomosis should be 
placed in low lithotomy, while patients with more proximal 
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bowel pathology can be positioned in the supine position. The 
abdominal incision and exposure is dictated by the indication 
for the operation and the segment of bowel to be mobilized.  

    Procedure Description 

 Ostomy creation is typically the final step in the operation. 
First, an adequate length of the chosen segment of bowel is 
mobilized to the abdominal wall by freeing attachments of 
the peritoneum and lengthening the mesentery. Adequate 
blood supply, lack of tension, and avoidance of pre-existing 
infection are key principles in stoma construction [ 5 ,  6 ]. 
Special care should be taken in patients with morbid obesity 
or with a shortened, inflamed mesentery. 

 A circular skin incision is made measuring 2–4 cm in diam-
eter at the pre-marked site (Fig.  25.1 ), while holding pressure 
on the undersurface of the rectus with the opposite hand to 
protect the underlying viscera. A disk of skin is excised with 
electrocautery, taking care to leave some subcutaneous fat 
behind to support the bowel at the abdominal wall. Blunt 
retraction is used to expose the underlying anterior rectus 
sheath (Fig.  25.2 ). The fascia is divided either vertically or 
with a cruciate incision (Fig.  25.3 ). Simple retraction is used 
to separate the rectus muscle parallel to its fibers, exposing 
the posterior sheath.

     Electrocautery is then used to divide the posterior fascia 
and peritoneum, taking care to protect the underlying viscera. 
The defect in the fascia should admit two fingerbreadths to 
allow adequate space for the bowel without vascular compro-
mise. Large fascial defects should be avoided as they are asso-
ciated with a high rate of parastomal hernia formation [ 7 ,  8 ]. 

 The bowel segment is gently retrieved from the peritoneal 
cavity with a Babcock clamp placed through the hole in the 
skin, while taking care to avoid pulling the intestine or tear-
ing the mesentery. For loop stomas, gentle traction can be 
applied by passing a penrose drain adjacent to the bowel wall 
(Fig.  25.4 ). The bowel should protrude 2–4 cm from the skin. 

S.E. Tevis and C.P. Heise



453

The abdominal incision is then closed to avoid contamination 
when the bowel is reopened for stoma maturation.

   First described by Brooke, the stoma is matured by evert-
ing the bowel edges [ 9 ]. This step allows for the ostomy to 
easily empty into the appliance away from the skin, protect-
ing the skin and preventing leakage around the appliance. 
This is especially important for high volume stomas, such as 
ileostomies. This also prevents stricture formation of the dis-
tal bowel. The bowel is then opened by excision the previous 
staple line in the setting of an end ostomy or opening the 
bowel on the antimesenteric border for a loop ostomy. 

 In the case of an end ostomy, 3–4 seromuscular absorbable 
sutures are placed circumferentially around the bowel lumen 

  Figure 25.1    Excision of the circular skin disk while applying pres-
sure beneath the abdominal wall protects the underlying bowel       
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to evert the edges. Each suture is passed from inside to out-
side through the lumen of the bowel including the mucosa 
and serosa. The next bite is seromuscular at the bowel wall 
where the abdominal skin and protruding bowel meet. The 
final bite is through the dermis and each suture is tagged with 
a hemostat. To evert the edge, the blunt end of a forceps is 
placed along the bowel wall, and tucked under the stitch. The 
suture is gently pulled tight and tied as the bowel everts over 
the forceps and slightly intussuscepts (Fig.  25.5 ). Once the 

  Figure 25.2    Exposure of the anterior rectus sheath using blunt dis-
section       

 

S.E. Tevis and C.P. Heise



455

corners are secure, simple interrupted sutures are placed 
evenly around the lumen, starting inside-out through the 
entire thickness of the bowel and into the dermis. A clear 
stoma appliance is then placed over the everted bowel.

   Maturation of a loop ostomy follows similar principles, 
although it requires securing two bowel lumens to the abdom-
inal wall instead of one. In addition, since the bowel is only 
partially transected, the posterior bowel wall remains intact. 
In order to prevent this portion from retracting, a bridge of a 

  Figure 25.3    Division of the anterior rectus sheath exposing the rectus 
muscle. The muscle fibers are separated bluntly, but are not divided       
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short segment of plastic or rubber catheter may be used but is 
often not necessary. The bridge is passed under the intact 
bowel wall and secured in place with permanent suture to 
further support the bowel (Fig.  25.5 ). It is important to take 
care during loop colostomy formation to not occlude the mar-
ginal artery when placing a bridge. The bridge is  typically 
removed within 5 days of ostomy formation. The completed 
loop ostomy after bridge removal is pictured in Fig.  25.6 .

       Postoperative Care 

 A clear ostomy appliance is applied post-operatively to facili-
tate inspection of the bowel for viability. Ostomy output is 
directly related to the segment of intestine used. Left colon or 

  Figure 25.4    Gentle retraction of the bowel through the fascial 
defect with a penrose drain       
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sigmoid colostomies produce formed stool, whereas more 
proximal colostomies and ileostomies have a thin and higher 
volume output. It is not uncommon for ileostomy output to 
average 1–1.5 L/day, especially in the perioperative period [ 5 ]. 
Patients should be carefully monitored for dehydration and 
fluid resuscitated both during the post-operative hospital stay 
as well as after discharge. Skin complications and dehydration 
are common post-operative complications and dehydration is 
the most common reason for readmission in this patient popu-
lation [ 10 ,  11 ]. Patients should complete all education and 
should be carefully assessed prior to hospital discharge.     

  Figure 25.5    Circumferential placement of sutures around the stoma 
incorporating full thickness bowel wall, serosa, and dermis. 
Placement of a bridge to temporarily support the loop ostomy is 
optional ( white arrow )       
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    Abstract     Cryptoglandular disease encompasses two related 
entities: anorectal abscess and fistula-in-ano. Anorectal 
abscess is an infection of the perianal or perirectal region 
arising most commonly from obstruction of the anal ducts. 
The various types of anorectal abscess (perianal, ischioanal, 
intersphincteric, and supralevator) are defined based on 
their anatomic location. Treatment typically requires incision 
and drainage of the abscess cavity, which can be performed 
either at the bedside or in the operating room depending on 
 complexity and extent of the abscess. Approximately one-
third to half of patients with anorectal abscess will go on to 
develop a persistent inflammatory tract between the anal 
canal and the perianal skin, known as fistula-in-ano. There 
are multiple surgical options for treatment of fistula-in-ano, 
all with the general underlying principle that the internal 
opening must be obliterated to facilitate healing of the tract. 
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Fistulotomy is the traditional and most effective technique 
for achieving fistula closure, however it is only appropriate 
for those fistulae with minimal sphincter complex involve-
ment. Alternatives to fistulotomy include setons (either cut-
ting or draining), endorectal advancement flap, anal fistula 
plug, fibrin glue, and ligation of the intersphincteric fistula 
tract (LIFT) procedure.  

  Keywords     Anorectal abscess   •   Perianal abscess   •   Perirectal 
abscess   •   Incision and drainage   •   Fistulotomy   •   Seton   • 
  Endorectal advancement flap   •   Fistula plug   •   Fibrin glue   • 
  Ligation of the intersphincteric fistula tract (LIFT) procedure  

        Anorectal Abscess 

    Indications 

 Anorectal abscesses typically arise from obstruction of the 
anal ducts, which drain the anal glands into anal crypts 
located at the dentate line of the anal canal. The resulting 
infection begins in the space between the internal and exter-
nal sphincters where the anal glands originate, and can spread 
through the perianal spaces, forming pockets of purulent 
material. Locations of anorectal abscesses include (in order 
of frequency): (1) perianal (2) ischioanal (3) intersphincteric 
(4) supralevator [ 1 – 3 ] (Figs.  26.1  and  26.2 ). Patients typically 
present with pain, palpable mass, fever, urinary retention, or 
sepsis. Predisposing factors may include diarrhea, trauma, or 
underlying inflammatory bowel disease, particularly Crohn’s 
disease. Physical exam almost universally reveals a tender, 
swollen, erythematous, fluctuant mass in the setting of peri-
anal or ischioanal abscess, however intersphincteric and 
supralevator abscesses may present with minimal external 
exam findings discordant with patient discomfort [ 4 ]. 
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Anorectal abscess must be differentiated from other inflam-
matory processes of the perineum such as hidradenitis sup-
purativa, or other infectious diseases such as HSV, HIV, TB, 
syphilis, and actinomycosis. Once the diagnosis has been 
established, usually based on history and physical exam 
alone, drainage of the abscess cavity must occur expediently 
in order to minimize progressive symptoms and infectious 
complications.

        Perioperative Care 

    Preoperative Preparation 

 Preoperative imaging is not routinely recommended. CT, 
MRI, or endoanal ultrasound studies may be used to clarify 
the anatomic location of complex, recurrent, or atypical pre-
sentations, or to differentiate isolated Crohn’s-associated 
rectal inflammation from true abscess or fistula, but may be 

  Figure 26.1    Normal anorectal anatomy       
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deferred in typical cases. Examination under anesthesia is 
usually the most efficient means to both confirm a question-
able diagnosis and provide definitive treatment. Pre- 
procedure antibiotics are indicated for prosthetic valves, 
history of infective endocarditis, some forms of congenital 
heart disease, and heart transplant recipients with valve dis-
ease [ 5 ].  

    Positioning and Anesthesia 

 The choice of positioning and anesthesia depends on the 
location and extent of the abscess. Perianal abscesses are 
often palpable at the anal verge, and may be effectively 
drained at the bedside in the lateral decubitus position under 
local anesthesia. However, ischioanal, intersphincteric, and 
supralevator abscesses can be large and require examination 
under anesthesia to confirm location and extent. Therefore, 
these abscesses should be drained in the operating room in 

  Figure 26.2    Location of anorectal abscesses       
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either lithotomy or prone jackknife position. Regional, local 
with monitored anesthesia care, or general endotracheal 
anesthesia may be utilized as long as the patient is sufficiently 
relaxed to facilitate anoscopy and complete examination. The 
legs must be adequately padded while in lithotomy stirrups, 
and sequential compression devices should be used.   

    Description of Procedure 

    Anorectal Abscess Drainage 

 Candidates for bedside drainage include patients  without  (1) 
signs/symptoms of sepsis, including hypotension, high fever, 
and leukocytosis, (2) evidence of fistula or fissure on physical 
exam, (3) history of IBD, (4) history of prior complex crypto-
glandular disease, (5) history of recent abscess drainage or 
fistula procedure, (6) history of recent abdominal or pelvic 
operation, or (7) CT evidence of complex disease, including 
supralevator, intersphincteric, or horseshoe type configura-
tion. All patients should be initially examined in the lateral 
decubitus position for an area of fluctuance in the perianal 
skin, generally with overlying erythema and occasional drain-
age. Once identified, those patients who are candidates for 
bedside drainage should have the area cleansed with 
chlorhexidine scrub. Lidocaine with epinephrine is infiltrated 
to provide local anesthesia to the overlying skin and sur-
rounding tissue, and IV or PO narcotics may be administered 
for pain relief. An 18-gauge needle may be used to determine 
the location of the underlying purulent fluid. A generous 
cruciate incision is then made over the area of fluctuance 
using an 11-blade scalpel, and the corners of skin are 
removed. Removing the corners of skin prevents early clo-
sure of the cavity and recollection of the abscess. Alternatively, 
an elliptical incision may be utilized. Care should be taken to 
make the incision close to the sphincter muscles in order to 
minimize the formation of complex fistulas with long tracts. 
Drainage of the cavity is facilitated by digital manipulation or 
lysis of intraluminal loculations with a Kelly clamp as needed. 
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The cavity is then copiously irrigated with normal saline and 
explored to ensure no further areas of fluctuance requiring 
drainage. Sterile packing tape is used to lightly pack the cav-
ity, which is then covered using sterile gauze. 

 Patients with any of the features concerning for complex 
abscess listed above should be brought to the operating 
room for examination under anesthesia and abscess drain-
age. Following induction of anesthesia, the patient is placed 
in either high lithotomy or prone jackknife position based 
on surgeon preference. The perineum is prepped and 
draped in sterile fashion. Digital rectal examination is per-
formed to evaluate for palpable mass, fissure, fistula open-
ing, or other abnormality. An anoscope is then inserted, and 
visual examination for fissure or fistula is carefully per-
formed. The location of the abscess cavity is determined 
relative to the sphincter complex and the pelvic floor 
muscles.

•     Perianal abscess : identified by bulging of perianal skin. A 
cruciate or elliptical incision should be made over the area 
of maximal fluctuance and the abscess cavity drained and 
irrigated as described above.  

•    Ischioanal abscess : identified by bulging over the ilioanal 
fossa. The incision should be made as medially as possible, 
close to the sphincter complex, to reduce the risk of large/
complex transsphincteric fistula formation. A horseshoe 
abscess is identified by bulging in the posterior and lateral 
anal canal and is drained via a longitudinal incision 
between the coccyx and the anal canal. This exposes the 
anococcygeal ligament, which is then incised along its 
fibers to facilitate entry into the deep postanal space and 
subsequent abscess drainage. Counter-incisions may be 
required over the ischioanal spaces on either side of the 
rectum. As described above, these incisions should be 
made lateral and as close to the sphincter complexes as 
possible.  

•    Intersphincteric abscess : identified by bulging in the pos-
terior (most commonly) or lateral anal canal within the 
sphincter complex but with minimal or absent external 
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exam findings. An incision is made through the anal 
mucosa dividing the internal sphincter and may require 
widening to facilitate complete drainage, while preserv-
ing as much sphincter mass as possible. A mushroom tip 
catheter is left in the cavity and secured with suture to 
prevent the sphincter muscles from contracting and 
thereby preventing adequate drainage [ 6 ].  

•    Supralevator abscess : identified by palpation of a tender 
mass on posterior or lateral rectum above the anorectal 
ring. Drainage route is determined by associated 
pathology:

 –    If associated with ischioanal abscess, drain through 
cruciate incision on the perianal skin near the sphinc-
ter complex to avoid formation of extrasphincteric 
fistula.  

 –   If associated with intersphincteric abscess, drain through 
rectum to avoid formation of complex suprasphincteric 
fistula.  

 –   If associated with intraabdominal abscess, use imaging 
to guide choice of incision.         

    Additional Operative Considerations 

 Large cavities may require placement of a small mushroom 
tip catheter to serve as a drain and maintain patency of the 
external tract. The external component of this drain should 
be kept relatively short (2–3 cm) and sutured in place to pre-
vent dislodgement. Postoperatively, the patient should be 
taught how to flush the drain with sterile saline and perform 
a gentle irrigation twice daily. The drain can be downsized 
once per week as tolerated until the cavity is small and man-
ageable with local wound care. 

 There has been debate in the literature regarding whether 
or not to perform a fistulotomy at the time of initial incision 
and drainage of anorectal abscess. The main reason cited for 
deferring primary fistulotomy is that it exposes patients to 
the risk of sphincter compromise when they may not have 
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gone on to develop a persistent fistula-in-ano. However, the 
proposed advantage is reduced recurrence of abscess and 
avoidance of a second operation for fistulotomy. A 2010 
Cochrane review addressed this question, and meta-analysis 
of six randomized controlled trials including 479 patients 
concluded that in the setting of perianal abscess associated 
with low anal fistula, primary fistulotomy significantly 
reduces the risk of persistent abscess, fistula, and need for 
repeat surgery, without significantly compromising conti-
nence [ 7 ]. Regardless, the decision to perform primary fistu-
lotomy should be made on an individualized basis.  

    Special Postoperative Considerations 

 All patients should begin sitz baths two times per day on 
postoperative day number two. Such a regimen ensures peri-
anal hygiene and improves comfort of the area. Fiber or other 
bulk-producing agents should be added to a regular diet to 
prevent diarrhea and improve hygiene. There is no role for 
postoperative antibiotic therapy in most cases. Antibiotics 
may be considered in patients with significant associated cel-
lulitis, systemic sepsis, valvular heart disease, mechanical 
valve, diabetes, or immunosuppression [ 3 ,  4 ]. Close follow-up 
is necessary as there is approximately 30% risk of recurrent 
anorectal sepsis and 30–50% risk of fistula formation requir-
ing future intervention [ 4 ,  6 ].   

    Fistula-in-Ano 

    Indications 

 In approximately one-third to half of patients who experi-
ence a cryptoglandular abscess, an inflammatory tract devel-
ops and persists between an internal opening at the dentate 
line and an external opening on the perianal skin, defined as 
a fistula-in-ano [ 1 ,  2 ,  4 ]. The location and course of the fistula 
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directly reflects the location of the original abscess and is 
classified anatomically in relation to the sphincter muscles: 
(1) intersphincteric (2) transsphincteric (3) suprasphincteric 
(4) extrasphincteric [ 8 ] (Fig.  26.3 ). Patients present with per-
sistent purulent drainage from the internal and/or external 
openings, either spontaneously or following I&D procedures 
for abscess. Differential diagnosis considerations include 
pilonidal sinus, hidradenitis suppurativa, infected perianal 
cysts, diverticular disease, IBD, malignancy, or radiation 
injury. In general, the location of a fistula tract and its inter-
nal opening follows Goodsall’s rule. This rule suggests that 
when the external opening is located within 3 cm of the anal 
verge and is anterior to a transverse line through the anus, 
then the tract travels radially in a straight line to the anal 
canal. Alternatively, when the external opening is located 
within 3 cm of the anus and posteriorly, the tract follows a 
curvilinear path terminating in the posterior midline of the 
anal canal.

  Figure 26.3    Location of fistula-in-ano       
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       Perioperative Care 

    Preoperative Preparation 

 Although most fistulae-in-ano represent sequelae of sponta-
neous or surgical drainage of anorectal abscess, risk factors 
for underlying malignancy and inflammatory bowel disease 
must prompt consideration of a colonoscopy prior to opera-
tion. As a general rule, fistulizing Crohn’s disease should be 
managed with aggressive medical rather than surgical ther-
apy [ 1 ]. Techniques for identifying tract location include digi-
tal palpation or imaging techniques such as endoanal 
ultrasound and MRI, with or without injection of dilute 
hydrogen peroxide. In one cohort, these methods successfully 
identified 61, 81, and 90% of fistulous tracts, respectively [ 9 ]. 
If local inflammation is minimal, enemas should be given the 
night before the procedure; complete bowel preparation is 
not necessary. Preoperative antibiotics should be given prior 
to incision.  

    Positioning and Anesthesia 

 The patient is placed in either lithotomy or prone jackknife 
position based on surgeon preference. Regional, local with 
monitored anesthesia care, or general endotracheal anesthe-
sia may be utilized, but must adequately relax the patient to 
facilitate anoscopy. Care should be taken to ensure adequate 
padding of the legs and other pressure points, and sequential 
compression devices should be placed on all patients.   

    Description of Procedure 

 The patient is positioned as described above and the perineum 
is prepped and draped in sterile fashion. Digital rectal exami-
nation is performed to evaluate for mass, fissure, internal fis-
tula opening, or other abnormalities. In addition, the depth of 
the fistula tract relative to the external sphincter is assessed 
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in order to select the appropriate procedure: if less than 50 % 
of the posterior or lateral external sphincter or less than 30 % 
of the anterior external sphincter is superficial to the tract, a 
one-stage fistulotomy may be considered. However, if a 
greater portion of the external sphincter is involved, staged 
repair with initial seton placement is recommended to mini-
mize the risk of incontinence and stricture [ 10 ]. Other criteria 
state that if the internal opening is above the dentate line, the 
deep external sphincter is involved, and thus a staged repair 
should be considered [ 11 ]. 

 Gentle dilation is performed to allow introduction of the 
anoscope, and complete examination of the anal canal is per-
formed to localize the internal opening. This may be enhanced 
by injection of hydrogen peroxide or methylene blue into the 
external opening, or by gentle introduction of a probe through 
the external opening. Care must be taken not to force a new 
tract or opening, thus creating a more complex fistula. 

    Fistulotomy 

 Fistulotomy is only appropriate for the treatment of inter-
sphincteric and low transsphincteric fistulae given risk for 
incontinence when more of the sphincter complex is involved. 
After gently passing a probe down the tract through the 
external opening (Fig.  26.4 ), an incision is made on the probe 
using a scalpel or electrocautery through the perianal skin 
and rectal mucosa to lay open the tract (Fig.  26.5 ). The fistula 
tract is then cleaned with a curette to remove any granulation 
tissue. The surgeon must continually assess for sphincter mus-
culature involvement and aim to avoid division of such mus-
cle. Complicated tracts may require a stepwise approach 
where the incision is extended only as far as the probe can be 
safely passed; once the tract has been partially opened, the 
probe is advanced accordingly as the direction of the tract 
becomes apparent. At the completion of the procedure, light 
packing tape may be placed in the fistula tract, and an InStat 
(petroleum jelly on gauze) dressing placed in the rectum 
(Fig.  26.6 ).
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         Seton Placement 

 In the setting of significant sphincter complex involvement or 
risk factors for incontinence, such as diminished preoperative 
sphincter function, chronic diarrhea, or anterior fistula, it is 
safer to proceed with a staged procedure starting with seton 
placement rather than fistulotomy. The skin and mucosa over-
lying the fistula tract is opened with electrocautery or scalpel 
until the sphincter musculature is encountered, thus partially 
opening the fistula tract. At this point, the tract and openings 
are curetted and prepped for seton placement. Selection of 
type of seton is dependent on the goal of the operation:

    1.     Cutting setons  will gradually cut through the sphincter 
muscle via pressure necrosis, with formation of fi brosis 
behind the seton preventing sphincter retraction and 

  Figure 26.4    Locating the fistula tract .  The probe is carefully 
inserted through the external opening, and allowed to follow the 
tract until it exits through the internal opening. This will serve as a 
guide for either subsequent fistulotomy or seton placement       
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incontinence. A large Ethibond or other braided suture is 
placed through the internal and external openings of the 
fi stula tract and tied down onto the sphincter complex. The 
seton will then be “advanced” over the course of the next 
several weeks until the fi stula tract is completely incised. 
Advancement of a cutting seton can be performed in the 
outpatient surgery clinic or in the operating room. 
However, care must be taken to not advance the seton too 
quickly, as the patient will experience a tremendous 
amount of pain as well as suffer a  complication of sphinc-
ter division. Complete division of the external sphincter 
and fi stula tract usually takes 1–6 weeks and is apparent 
when the seton falls out [ 6 ].   

   2.     Draining setons  will keep the fi stula tract open, allowing for 
abscess drainage and tract maturation, therefore facilitating 
a future fi stulotomy or other advanced fi stula closure tech-
nique. A vessel loop or large Ethibond suture is passed 

  Figure 26.5    Fistulotomy. After carefully opening along the probe, 
granulation tissue at the base of the tract is removed with a curette. 
Note that the edges are clean and are not undermined       
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through the internal and external openings of the fi stula 
tract and tied loosely around the sphincter complex 
(Fig.  26.7 ). Indications for use of a draining seton include: (1) 
complex anorectal fi stula extensively involving the external 
sphincter, with the goal of staged fi stulotomy; (2) complex 
anorectal fi stula in the setting of sepsis; (3) anterior high 
transsphincteric fi stula in a female patient; (4) high trans-
sphincteric fi stula in a patient with AIDS; (5) long-term fi s-
tula treatment in a patient with active IBD; and (6) concern 
for fi stulotomy leading to fecal incontinence [ 10 ].

       Repeat examination should be performed in 6–8 weeks, 
with either fistulotomy, seton replacement, or alternative 
approach to fistula closure as described below.  

  Figure 26.6    InStat placement. At the end of the procedure, the 
perineum should be cleaned and an InStat dressing placed in the 
anal canal. Patients should be instructed to keep this light packing in 
place using a temporary mesh undergarment until it falls out with 
the first postoperative bowel movement       
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    Endorectal Advancement Flap 

 For patients with high or complex anal fistula, particularly 
in locations threatening to produce incontinence with tradi-
tional fistulotomy, the endorectal advancement flap can pro-
vide definitive treatment by occluding the internal opening. 
This elimination of the drainage source allows the fistula 
tract and external opening to close over time. 

 Granulation tissue is cleaned from the fistula tract and the 
internal opening using a curette. A trapezoidal flap is ele-
vated distal to the internal fistula opening using electrocau-
tery, initially remaining in the submucosal plane, but 
transitioning to full-thickness as the flap is developed in the 
cephalad direction. Once adequately elevated with good 
hemostasis, the internal opening is closed in a transverse fash-
ion using interrupted 4-0 chromic sutures. The area is cleaned 

  Figure 26.7    Draining seton placement. The seton is placed through 
the external and internal fistula openings and tied loosely to main-
tain drainage. Here, a vessel loop is used, but Ethibond suture may 
be substituted       
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with gentle irrigation. Finally, using gentle traction, the flap is 
advanced distally, and sutured to the underlying mucosa 
using interrupted 2-0 vicryl sutures, progressing from proxi-
mal to distal. Care should be taken to space the sutures suf-
ficiently to achieve a tension-free repair. When the flap has 
been laid down and confirmed to extend beyond the internal 
opening, sutures may be placed in the anoderm as well. If 
needed, Bacitracin and Gelfoam may be applied with light 
pressure to achieve hemostasis at the completion of the flap 
procedure. Any open external portion should be dressed with 
wet-to-dry gauze dressing overnight. Alternatively, a deep 
cavity can be drained with a mushroom tip catheter left in 
place for several days. The patient should be admitted for 
postoperative observation and pain management. 

 Healing time is estimated at 6 weeks. Incidence of recur-
rent fistula after endorectal advancement flap has been 
reported to be 3 % in a series of 164 patients [ 12 ].  

    Alternative Surgical Approaches 

 Patients who are not candidates for primary fistulotomy pres-
ent a surgical challenge. The treatment of choice is not clear 
and is surgeon-dependent. Many surgeons prefer to proceed 
with an endorectal advancement flap as described above, 
however there are several alternative sphincter-sparing 
approaches. 

   Anal Fistula Plug 

 The anal fistula plug is a bioabsorbable plug that is inserted 
into the fistula tract and serves as a scaffold for the ingrowth 
of the patient’s own tissue. It may be employed in patients 
with fistulae otherwise requiring seton placement. Reported 
success rates of the anal fistula plug vary widely in the litera-
ture, however a recent systematic review that pooled data 
from 530 patients suggested a success rate of approximately 
54 % in both Crohn’s and non-Crohn’s-related fistulas, a plug 
extrusion rate of 8.7 %, and no reported cases of continence 
impairment [ 13 ]. 
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 Prior to fistula plug placement, the patient should have 
undergone an examination under anesthesia and had a drain-
ing seton placed. The seton allows the tract to mature and 
remain open while anorectal sepsis resolves. After approxi-
mately 6 weeks, the patient is brought back to the operating 
room for fistula plug placement. 

 The patient is positioned as previously described and the 
perineum prepped and draped in sterile fashion. Following 
digital rectal examination, the tract is identified, and any 
granulation tissue at the internal or external openings is gen-
tly debrided with a curette. The anal fistula plug is then 
brought onto the field and reconstituted in saline. A fistula 
probe is passed through the opening, and the fistula plug is 
secured to the probe to facilitate advancement. The plug is 
then carefully pulled through the fistula tract from the inter-
nal opening to the external opening, just flush with the open-
ing and the internal sphincter. The internal portion of the 
plug is trimmed, and 2 figure-of-eight sutures are placed 
through the plug, submucosa, and internal sphincter muscle 
to secure and cover the plug. The plug is secured to one side 
of the external opening of the tract using a single 3–0 vicryl 
suture. Alternatively, an endorectal advancement flap may 
also be utilized to cover the internal opening with the plug in 
place. Bacitracin ointment is applied to the external portion, 
and an InStat dressing left in the rectum.  

   Fibrin Glue 

 Fibrin glue may be used as an alternative means of obliterat-
ing the fistula tract. The patient is positioned and the 
perineum prepped and draped in sterile fashion. Following 
digital rectal examination, the tract is identified, and any 
granulation tissue at the internal or external openings is gen-
tly debrided with a curette. The internal opening is closed, 
either primarily or in combination with an endorectal 
advancement flap. Fibrin glue or other similar sealant is then 
gently injected through the external opening until the tract is 
full. An external dressing is applied, and an InStat dressing 
left in the rectum. 
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 Success with this technique is highly variable, with 
reported success rates of 25–85 % depending on the type of 
fistula and duration of follow-up [ 14 ]. Despite inconsistent 
results, this technique can be used to avoid a large opera-
tion in high risk patients and has minimal associated 
morbidity.  

   Ligation of the Intersphincteric Fistula Tract (LIFT) 
Procedure 

 The LIFT procedure is a new technique, described in 2007, 
for treating complex anorectal fistulae [ 15 ]. As the name 
suggests, this technique involves division of the fistula tract 
in the intersphincteric plane, in order to isolate the inter-
nal opening from the remainder of the fistula tract. This 
procedure has been described both as an initial interven-
tion for the treatment of anorectal fistula, or a staged pro-
cedure following insertion of a draining seton for 6–8 
weeks [ 15 ,  16 ]. The patient is positioned, prepped, and 
draped, and the fistula tract is identified with a fistula 
probe. A curvilinear skin incision is made at the inter-
sphincteric groove in order to enter the intersphincteric 
plane. The fistula tract is then identified where it traverses 
the intersphincteric space, and this is dissected free from 
surrounding tissue, taking care not to injure the sphincter 
muscles. The tract is ligated with an absorbable suture 
adjacent to the internal sphincter and then divided distal 
to the point of ligation. The origin of the distal portion of 
the tract is oversewn in figure- of- 8 fashion at the level of 
the external sphincter. The perianal skin incision is reap-
proximated with 4-0 absorbable suture in interrupted fash-
ion. Granulation tissue at the external opening is debrided 
with a curette. Finally, the wounds are dressed with sterile 
gauze. 

 Long-term data for this technique is currently limited; 
however, a pooled analysis of 1,110 patients undergoing the 
LIFT procedure with a mean follow up time of 10 months 
demonstrated a success rate of 76 % with no major associated 
impact on continence [ 17 ].    

C.M. Papageorge and G.D. Kennedy



481

    Special Postoperative Considerations 

 Warm sitz baths may be used for comfort, and fiber or other 
bulk-producing agents should be introduced to reduce diar-
rhea. Patients undergoing seton placement should be 
reminded that drainage will continue postoperatively and to 
return for evaluation if the drainage increases, changes in 
quality, or is accompanied by increased pain or fever.      
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    Abstract     Pilonidal disease is a common acquired condition 
characterized by occluded hair within small midline pits 
superior to the intergluteal cleft. Varying presentations are 
possible which include an acute abscess, simple pilonidal cyst 
or complicated, recurrent sinus. Pre-operative preparations 
should include resolution of an acute abscess and appropri-
ate preparation in positioning in addition to antibiotics. Many 
surgical options exist for the treatment of pilonidal disease 
including, incision and curettage, marsupialization, excision 
and primary closure, cleft closure, Z-plasty, V-Y advancement 
flap, rhomboid flap, and gluteus maximus myocutaneous flap. 
Time to healing remains variable from 3 to 4 weeks on aver-
age. Recurrence rates following surgical therapy may be as 
high as 40 % with simple drainage of the abscess to as low as 
1 % with advancement flap procedures. This chapter presents 
a myriad of common surgical approaches to the treatment of 
pilonidal disease, complete with descriptive illustrative figures.  
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        Indications 

 Pilonidal sinus is associated with small midline pits over the 
sacrum and coccyx along the intergluteal cleft. These midline 
pits often contain hair. This condition commonly affects young 
adults following puberty, and is more common in men than 
women. Caucasians are principally affected, and is rare among 
African Americans and Asians [ 1 ]. The incidence of pilonidal 
disease is approximately 0.7 % in young adults and is com-
monly accepted to be an acquired condition caused by embed-
ded hairs in the intergluteal cleft, which subsequently become 
suppurative secondary to infection by skin flora [ 2 ]. Pilonidal 
disease may spontaneously resolve with age, however common 
presentations include, an acute abscess, a simple pilonidal cyst, 
or a complicated or recurrent sinus. Primary midline openings 
or pits may be seen in the gluteal cleft approximately 5 cm 
cephalad to the anus [ 2 ]. Acute abscesses present as warm, 
tender and fluctuant swellings which often exudes purulent 
discharge through the midline at the apex. Management at this 
stage is by incision and drainage. Chronic sinus tracts become 
lined with squamous epithelium, and treatment may be 
approached by various procedures described below. Recurrence 
rates vary depending on the study and procedure (Table  27.1 ).

       Perioperative Care 

    Preoperative Preparation 

 Acute infection should be resolved prior to definitive opera-
tion. Abscesses should be drained and cellulitis treated with 
antibiotics. Most patients are under the age of 40; therefore, 
minimal preoperative testing is required. Smoking cessation 
should be encouraged to assist wound healing.  
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    Positioning and Anesthesia 

 After general anesthesia is induced, the patient is placed in 
the prone jack-knife position. Tape to spread the gluteus 
facilitates full visualization of the cleft. Hair is clipped in the 
affected area. Patients are administered intravenous antibiot-
ics prior to surgical incision.   

    Description of Procedures 

 Many operations have been described for the treatment of 
pilonidal disease. Few have been studied in a randomized 
controlled fashion. Therefore, recommendations on operative 
approach are difficult to make. However, we prefer to start 
with the simplest operation and advance our interventions to 
the more complex as necessary. Below we describe the opera-
tive approaches employed at our institution. 

    Incision and Curettage 

 Sinus tracts are identified with a probe and opened longitudi-
nally using a knife or bovie cautery. The wound base is then 
curetted, and the skin edges are excised in order to expose 
the open granulating wound. The wound heals by secondary 
intention, and must be kept clean and free of hair. The 
patients are then advised to partake in BID postoperative 
wound care to allow for adequate healing. Alternatively, a 
wound vacuum can be employed to assist in wound care and 
shorten the length of healing.  

    Marsupialization 

 If a sinus is infected at the time of excision, primary closure 
should be avoided. Marsupialization is a technique by which the 
surrounding skin edges of a defect are sutured down to the pre-
sacral fascia [ 1 ]. Sinus tracts are identified and typically excised 
but can be unroofed. The wound base is curetted and all hair is 
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removed. The defect that remains is often large and requires 
significant dressing changes. Therefore, the skin edges are sewn 
to the fibrotic wound base or presacral fascia using interrupted 
3-0 vicryl suture (Fig.  27.1 ). This decreases the size of the wound 
significantly and anecdotally shortens healing time. Figures  27.2 , 
 27.3 ,  27.4 ,  27.5 , and  27.6  demonstrate this operative technique in 
a patient with recurrent pilonidal disease.

            Excision and Primary Closure 

 This operation by definition, requires excision of the entire 
sinus tract. This includes wide excision of the pilonidal region, 

  Figure 27.1    Marsupialization       
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  Figure 27.2    Preoperative positioning in this patient with recurrent 
pilonidal disease       

  Figure 27.3    Identification of sinus tract with probe       
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  Figure 27.4    Debridement to the sacral fascia       

  Figure 27.5    Marsupialization with interrupted suture       
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including the skin and entirety of the tract involving the sub-
cutaneous issues down to the presacral fascia. Excision is 
completed by a midline incision, and left open or closed pri-
marily. Due to shearing forces around the buttock region, as 
seen in young and active adults, skin breakdown and delayed 
healing in common. This is avoided by an off-midline incision 
as in the Karydakis modified the operation. The sinus is 
excised elliptically and the wound is closed off of the midline 
(Fig.  27.7 ). To accomplish this, a thick flap is created and 
advanced across the midline.

       Cleft Closure 

 Full thickness skin flaps are raised bilaterally (Fig.  27.8 ). The 
wound is debrided. Gluteal fat is apposed with absorbable 
suture. Excess skin is removed and the wound is closed with 
4-0 nylon interrupted suture.

  Figure 27.6    Completed marsupialization       
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       Z-Plasty 

 The sinus tract is excised in the midline which becomes the 
central limb of the Z (Fig.  27.9 ). For the classic Z-plasty, wide 
excision is performed around the pilonidal region, as previ-
ously described, so as to include the entire tract, the limbs are 
incised at 60° angles to the central limb. The length gain of a 
Z-plasty varies based on the angle incised (Table  27.2 ). All 
limbs are of equal length. Subcutaneous skin flaps are created 
under ‘a’ and ‘b’ so as to allow mobilization without tension, 
then transposed as shown. The resulting central limb will be 
perpendicular to the original central limb. The skin is closed 
with 4-0 nylon interrupted suture.

        V-Y Advancement Flap 

 These flaps can be unilateral or bilateral (Fig.  27.10 ). A uni-
lateral flap is capable of covering 8–10 cm defects while a 

  Figure 27.7    Primary excision and closure       

  Figure 27.8    Cleft closure       
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bilateral flaps are needed to cover >10 cm defects [ 3 ]. The 
sinus tracts are excised in the midline and the base of the V 
points laterally. The triangular flap is made 1.5–2× as long as 
the defect in the direction of the advancement. However, 
some authors have reported flaps up to 3x as long as the 
defect, and should be personalized to the dimensions so as to 
avoid making acute angles at corners [ 3 ]. The base of the tri-
angle is made equal to the perpendicular diameter of the 
defect. The skin flap is undermined at the medial edge while 
fascia is undermined as little as necessary at the lateral edge 
(Fig.  27.11 ). Skin hooks are used to pull the leading edge of 
the flap to the far edge of the defect. The lateral aspect of the 
harvest site is re-approximated making the stem of a Y. The 
inferior and superior edges of the Y are closed with 3-0 vicryl 
deep dermal interrupted sutures and 4-0 nylon interrupted 
sutures for skin.

1

4
angle = 60º

a b

3

2 1,3
2,4

b

a

  Figure 27.9    Z-plasty       

   Table 27.2    Length gain after Z-plasty   
 Angles of Z-plasty (degrees)  Theoretical gain in length (%) 
 30–30  25 

 45–45  50 

 60–60  75 

 75–75  100 

 90–90  120 
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        Rhomboid Flap 

 The sinus tract is excised from the midline, enclosed within 
the shape of a rhomboid. This flap depends on the looseness 
of the adjacent tissue. The rhomboid has two opposite 60° 
angles and two opposite 120° angles. Each side of the rhom-
boid is equal to the short axis 2–4. This axis is extended by its 
own length to point 5. The 3–4 line and 6–5 line are parallel. 
A flap is created down to the muscular fascia and rotated as 
shown (Fig.  27.12 ). The flap is secured with 4-0 nylon inter-
rupted suture. Four flaps are available for any rhomboid 
defect (Fig.  27.13 ).

a a

a b

b

a

  Figure 27.10    V-Y advancement flap       

  Figure 27.11    V-Y advancement flap cross sectional view       
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  Figure 27.12    Rhomboid flap       
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  Figure 27.13    Rhomboid flaps available for a defect       
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        Gluteus Maximus Myocutaneous Flap 

 This rotational flap is capable of covering large defects. To 
avoid functional deficits, only one half of the muscle is used. 
For pilonidal disease, the superior aspect of the gluteus mus-
cle is typically used to create a flap. A sterile Doppler is uti-
lized to locate the perforators to be included in the flap, and 
may be used continuously throughout the dissection. The 
superior gluteal muscle vessels exit above the piriformis 
muscle and just lateral to the sacrum. The sciatic nerve exits 
below the piriformis muscle, as do the inferior gluteal vessels 
and should be avoided. The defect is excised down to presa-
cral fascia removing all prior scar tissue. A circular flap is 
created and the upper portion of the gluteus maximus is 
transected down to the gluteus medius and piriformis mus-
cles. The base of the flap should be four to five times the 
length of the defect. After flap rotation, a suction drain is 
placed. The wound is closed in layers and skin edges are 
secured with 4-0 nylon interrupted suture (Fig.  27.14 ). The 
patient should not lie flat for several days, although variation 
amongst surgeons may permit patients to lie on the operated 
area at time intervals that are no longer than one hour at a 
time. A short course of oral antibiotics, such as a first genera-
tion cephalosporin, is usually recommended.

a

a

  Figure 27.14    Gluteus maximus myocutaneous flap       
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    Abstract     Fissure in ano is characterized by severe pain 
with defecation. Conservative treatment involves increasing 
dietary fiber intake and topical administration of smooth 
muscle relaxants. When these conservative options fail, 
surgery may be indicated. Closed and open lateral internal 
sphincterotomy will be discussed in detail in this chapter.  

  Keywords     Fissure   •   Sphincterotomy   •   Hypertrophied anal 
papilla  

        Etiology and Diagnosis 

 Anal fissure, or fissure-in-ano, is described as a tear in the 
anoderm distal to the dentate line. Anal fissures occur in 
10 % of patients and are more common in women [ 1 ]. 
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Patients typically present with painful defecation, rectal 
bleeding, and itching [ 2 ]. Anal fissures that heal within 4–6 
weeks with conservative treatment are considered acute, 
while chronic fissures persist for >6 weeks. 

 While the pathogenesis of anal fissures is unclear, the most 
common etiology is thought to be constipation and local anal 
trauma [ 1 ]. The fissure then initiates a cycle of pain, fear of 
defection, constipation, and sphincter spasm [ 3 ]. Increased 
resting internal sphincter tone paired with relative ischemia 
of the posterior anal canal has been implicated in chronic 
anal fissures [ 1 ]. 

 Fissures are diagnosed by physical exam and can be associ-
ated with a sentinel skin tag and hypertrophied anal papilla. 
The majority (90 %) of fissures are located in the posterior 
midline (Fig.  28.1 ). Atypical fissures, those off the midline, are 
associated with other underlying diagnoses including Crohn’s 
disease, sexually transmitted diseases (HIV, syphilis, herpes), 
anal cancer, and tuberculosis [ 4 ].

  Figure 28.1    Anal fissure in posterior midline       
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       Preoperative Care 

 Approximately half of all fissures resolve with conservative 
management, which consists of increased fiber and water 
intake and warm sitz baths. These measures have been found 
to heal nearly all fissures [ 1 ,  4 ,  5 ]. Various medical treatments 
may also be considered, including topical calcium channel 
blockers and botulinum toxin injection [ 5 ]. Medical therapies 
have been found to promote healing by decreasing sphincter 
pressures, however success rates are variable [ 6 ,  7 ]. Patients 
with persistent fissures or those associated with severe pain 
are candidates for surgical intervention [ 1 ,  4 ].  

    Indications for Surgical Approach 

 Lateral internal sphincterotomy (LIS) is the gold standard of 
treatment for chronic anal fissures with cure rates >90 % [ 1 , 
 8 ]. Improvement in quality of life has also been described fol-
lowing LIS [ 9 ]. Overall, post-operative complications after 
this procedure are quite rare. While there is a potential risk 
of post-operative incontinence, incontinence rates after LIS 
have been found to be lower than reported in patients treated 
with medical therapies, such as calcium channel blockers and 
botulinum toxin injections [ 9 ,  10 ].  

    Description of Procedure 

 Positioning and choice of anesthesia are determined at the 
discretion of the surgeon. Many surgeons prefer the prone- 
jackknife position or high lithotomy for this procedure. 
General anesthesia is typically preferred, although a direct 
anal block may also be used. No preoperative bowel prepara-
tion is required. 

 Either a closed or open sphincterotomy may be per-
formed, as both procedures have been found to result in simi-
lar outcomes [ 11 ]. In a closed sphincterotomy, the internal 
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sphincter muscle is divided without incising the overlying 
anoderm. First, the groove between the internal and external 
sphincter is palpated and the index finger of the nondomi-
nant hand is inserted into the anal canal. A generous amount 
of 1 % lidocaine is injected into the intersphincteric groove. 
Then a No. 11 scalpel is inserted with the blade parallel to the 
fibers of the internal sphincter (Fig.  28.2 ). The blade is 
advanced to the dentate line, approximately 1.5 cm, or to the 
level of the apex of the fissure, and the scalpel is rotated 90° 
toward the mucosa. The knife is then advanced toward the 
inserted index finger with a sawing motion until the internal 
sphincter is transected taking care to not penetrate the muco-
sal surface (Fig.  28.3 ). The scalpel is removed and any remain-
ing fibers are transected. This may be repeated on the 
opposite side of the anal canal if a deficiency cannot be pal-
pated. Pressure should be applied to any bleeding. A foam 
sponge is then inserted to prevent hematoma formation. The 
sponge will be expelled during the patient’s next bowel 
movement. Dry gauze over the wound can be removed on 
postoperative day 1.

    An open sphincterotomy is performed by incising the anal 
mucosa to expose the internal sphincter muscle for division. 
A radial incision is made extending from the intersphincteric 
groove to a point just distal to the dentate line (Fig.  28.4 ). The 

  Figure 28.2    Lateral internal sphincterotomy incision       
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  Figure 28.3    Division of the internal sphincter       

  Figure 28.4    Open sphincterotomy technique       
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intersphincteric groove is identified and a small curved Kelly 
clamp is used to elevate the internal sphincter muscle. The 
fibers of the internal sphincter are divided to the level of the 
dentate line. Hemostasis is achieved with electrocautery. The 
wound is generally closed in a running fashion using a fine 
chromic suture. Care must be taken to ensure no sphincter 
muscle is caught in the closure. Alternatively, the wound may 
be allowed to heal by secondary intention.

       Postoperative Considerations 

 Patients may be discharged home on the day of the proce-
dure. All patients should be provided with medications for 
pain control. Patients should be instructed to take a fiber 
supplement, which will add bulk to the stool. Any wounds left 
open should be kept clean and dry. Warm sitz baths can be 
used for comfort and perianal hygiene.     
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    Abstract     Hemorrhoids, the mucosal vascular cushions in the 
anal canal, can lead to pain and bleeding when they become 
enlarged, prolapsed, or thrombosed. The locations of hemor-
rhoids are discussed, along with pertinent elements of the 
history and physical. Differences between the four degrees 
of hemorrhoids are also described. Preoperative preparation 
and positioning is outlined, including preoperative bowel 
preparation. The various methods for hemorrhoidectomy 
are described. Non-surgical procedures include injection 
of sclerosing agents, photocoagulation, and  rubber- band 
ligation. Currently rubber-band ligation is the preferred 
non-excisional procedure. Various excisional techniques for 
hemorrhoidectomy exist, including open Milligan-Morgan 
procedure, closed Ferguson hemorrhoidectomy, excision 
with tissue sealing devices (Ligasure or Harmonic Scalpel), 
stapled hemorrhoidopexy, and transanal hemorrhoidal dear-
terialization. Additional study of long-term results of vessel 
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sealing device hemorrhoidectomy, stapled hemorrhoidopexy 
and transanal hemorrhoidal dearterialization are needed to 
definitively say whether these are improvements on the tra-
ditional open or closed hemorrhoidectomies. Postoperative 
management including pain control, wound care, and bowel 
regimen is discussed.  

  Keywords     Hemorrhoidectomy   •   Degrees of hemorrhoids   
•   Non-surgical management of hemorrhoids   •   Outcomes of 
excisional hemorrhoidectomy   •   Stapled hemorrhoidopexy   • 
  Transanal hemorrhoidal dearterialization  

        Indications 

 Hemorrhoids are mucosal vascular cushions in the anal canal 
which are present in all individuals. They aid in closure of the 
anal canal at rest and help prevent incontinence to stool and 
flatus. They are classically located in the left, right posterior, 
and right anterior positions (from the patient perspective). 
Only when these cushions of tissue become symptomatic do 
they become what the general public refers to as “hemor-
rhoids.” Hemorrhoidal disease is common with 75 % of peo-
ple over the age of 45 experiencing hemorrhoids at some 
point in their lives. These cases account for 1.1 million ambu-
latory visits and 266,000 hospitalizations a year [ 1 ]. 

 Prolapse, bleeding, thrombosis, pain, pruritis, and difficulty 
with hygiene are all chief complaints of symptomatic 
 hemorrhoids [ 2 ]. Of these, painless bleeding is the most com-
mon complaint [ 3 ]. Many anorectal complaints are labeled 
“hemorrhoids”, and therefore a careful history and physical 
exam are important prior to proceeding with treatment. Anal 
fissures, fistulae-in-ano, or rectal masses can all be mislabeled 
as hemorrhoids, and are managed differently than hemor-
rhoids. Additionally if these disorders are also present, this 
will affect the treatment of hemorrhoids [ 2 ,  4 ]. Hemorrhoids 
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typically do not produce severe pain unless acutely throm-
bosed. The degree of bleeding associated with hemorrhoids 
may be alarming to patients, but rarely is enough to produce 
significant anemia. Therefore severe pain and anemia should 
prompt further evaluation of other disorders. Physical exami-
nation should include inspection while straining, digital rectal 
exam, and anoscopy to characterize the location and degree 
of hemorrhoids as well as to rule out other anorectal pathol-
ogy [ 4 ]. 

 Hemorrhoids may be external or internal to the dentate 
line. Internal hemorrhoids are classified by degree of pro-
lapse. First degree hemorrhoids are characterized by lack of 
prolapse while fourth degree hemorrhoids are unable to be 
reduced and may become strangulated (Table  29.1 ). 
Figure  29.1  shows an example of third degree hemorrhoids.

    The treatment of hemorrhoids is centered on relief of 
symptoms. Operations to improve appearance of the anus 
may lead to complications that are worse than the initial pre-
sentation such as incontinence, fistula formation, or anal ste-
nosis. Many symptomatic hemorrhoids are managed 
successfully by medical therapy. This includes dietary fiber 
supplements, stool softeners, increased fluid intake, and 
avoidance of straining. A Cochrane review demonstrated that 
fiber supplementation reduces overall symptoms from hem-
orrhoids by 53 % in patients with grades 1–3 hemorrhoids. 
The authors also demonstrated that this effect is durable over 
time, making medical management of mildly symptomatic 
hemorrhoids a viable treatment strategy [ 5 ]. 

 Hemorrhoids may occasionally present in an emergent 
situation. Acutely thrombosed external hemorrhoids are 
exquisitely painful and present as a hard prolapsed hemor-
rhoid with surrounding erythema. Simple evacuation results 
in a high rate of future symptoms; therefore, these patients 
are best treated by excision of the thrombosed hemorrhoid. 
Thrombosis of internal hemorrhoids is less common and 
may not require surgical intervention, but excisional hemor-
rhoidectomy is called for if surgical treatment is necessary 
[ 3 ]. Additionally, strangulated hemorrhoids are not only 
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thrombosed, but infarcted and can be infected. Closed hem-
orrhoidectomy may cause sepsis in these patients and open 
hemorrhoidectomy should be pursued [ 6 ].  

    Perioperative Care 

    Preoperative Preparation 

 Patients may undergo hemorrhoidal operations in the outpa-
tient clinic, day surgery suite, or inpatient operating room. The 
preoperative care will vary slightly, but will generally have the 
same components. Full medical evaluation should be per-
formed to ensure safety of anesthesia. A preoperative bowel 
prep is usually prescribed and may range from an enema or 
suppository to evacuate the rectum to a more complete prep 
with one or two doses of magnesium citrate followed by ene-
mas the evening prior to and morning of the operation. All 
patients undergoing procedures in the operating room should 

  Figure 29.1    Third degree hemorrhoids. This patient has been placed 
in high lithotomy position for examination and treatment       
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not eat of drink anything after midnight. Antibiotics are 
administered prior to incision and should generally be tar-
geted toward the normal colonic flora.  

    Positioning and Anesthesia 

 The patient may be placed in the lateral decubitus, jackknife, 
or high lithotomy position. Office procedures under local 
anesthetics are best served by the decubitus or jackknife 
approach, while either jackknife or high lithotomy may be 
used in the operating room. In the jackknife position, care 
needs to be taken to avoid pressure on facial structures. In 
high lithotomy, the patient’s heels are placed in soft stirrups. 
Care should be taken to avoid pressure on the heels and 
calves. Choice of anesthesia involves extent of the planned 
procedure, patient anxiety and pain, likelihood of additional 
pathology, anesthetic risk, and patient preference. Local anes-
thesia alone may be used for simple procedures, but con-
scious sedation, spinal anesthesia, or general anesthesia with 
laryngeal mask or endotracheal tube may be needed for 
more complicated hemorrhoid treatment. In general, deep 
anesthesia is preferred when performing operations in the 
anal canal. This prevents the patient from straining against 
the anal speculum and traumatizing the sphincter mecha-
nism. Preparation of the anus and perianal region should be 
performed with a full betadine scrub.   

    Description of the Procedure 

    Sclerosis 

 Injection of a sclerosing agent may be used to treat first, 
second and third degree hemorrhoids. One to five ml of 
sclerosing agent (5 % phenol in oil, ethanolamine, quinine 
urea, hypertonic saline, or aluminum potassium sulfate with 
tannic acid [ALTA]) is injected into the submucosa of each 
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hemorrhoid [ 7 ]. The resultant ulceration and scarring pre-
vent prolapse. Care should be taken in the anterior direc-
tion to inject superficially. The prostate or periprostatic 
venous plexus may be injured with deep injection [ 2 ,  6 ].  

    Infrared or Laser Photocoagulation 

 Either through an endoscope or using an anoscope, the tip of 
a fiberoptic probe is placed at the tip of the hemorrhoidal 
pedicle and infrared radiation is used to coagulate the 
 underlying vascular plexus. This treatment is only suited for 
first and minor second degree hemorrhoids [ 2 ,  6 ,  7 ]. 

 Doppler-guided laser photocoagulation ( He morrhoid 
 L aser  P rocedure, or HeLP) is a newer system of more tar-
geted photocoagulation. Doppler ultrasound is used to iden-
tify the branches of the superior hemorrhoidal artery feeding 
into the hemorrhoidal plexuses about 3 cm above the dentate 
line, and a laser system is then used to coagulate the vascular 
supply. A small randomized controlled trial between HeLP 
and rubber band ligation demonstrated better postoperative 
pain control and more frequent resolution of symptoms at 6 
months with HeLP as well as improved patient satisfaction 
[ 8 ]. Long-term follow up of this method is still needed [ 7 ].  

    Rubber-Band Ligation 

 Rubber-band ligation is best suited for first, second, and few 
third degree hemorrhoids. A Cochrane review comparing 
rubber band ligation to excisional hemorrhoidectomy con-
cluded that this should be the initial treatment of choice for 
symptomatic grade 2 hemorrhoids, although higher-grade 
hemorrhoids respond better to surgical excision [ 9 ]. Rubber- 
band ligation involves the application of a rubber band to 
the mucosa above the hemorrhoidal tissue and 1–2 cm above 
the dentate line to include the feeding vessel of the hemor-
rhoid within the band. This causes necrosis of the captured 
tissue, ulceration and scarring, which prevents prolapse or 
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bleeding. A slotted anoscope or anal speculum is inserted the 
hemorrhoidal tissue is allowed to protrude into the slot. 
Rubber- bands may be applied by a suction or non-suction 
device. The mucosa just above the hemorrhoidal cushion is 
either grasped with a clamp or suctioned into the tip of the 
banding device. The pre-loaded band is then deployed by 
squeezing the trigger on the device. The band must be 
employed above the dentate line to ensure that no sensate 
mucosa is included. Immediate and postoperative pain are 
indications of  inclusion of this mucosa and removal of the 
bands may be necessary [ 2 ,  6 ]. 

 Outcomes of the three office based procedures (sclerosis, 
infrared photocoagulation, and rubber band ligation) are 
similar. However, potential complications and longevity of 
the procedures are somewhat varied. If applied correctly, rub-
ber band ligation has a lower complication rate, is better tol-
erated, and has a higher chance of long term success [ 10 ]. For 
that reason, we generally feel that rubber band ligation 
should be used preferentially over the alternative non- 
excisional therapies.  

    Hemorrhoidectomy 

    Open Hemorrhoidectomy 

 Open hemorrhoidectomy is also known as the Milligan- 
Morgan hemorrhoidectomy. The hemorrhoidal tissue is visu-
alized with a slotted anoscope or speculum (See Fig.  29.2 ). 
Injection of a local anesthetic with epinephrine will aid in 
immediate post operative pain as well as operative bleeding. 
An elliptical incision is started proximal to the anal verge and 
carried across the dentate line to the anorectal ring. The vital 
step is to separate the fibers of the internal sphincter from the 
hemorrhoidal tissue. Metzenbaum scissors may be used to 
spread parallel and superficial to the fibers to separate them 
from the mucosal tissue, dissecting in a distal to proximal 
fashion (See Fig.  29.3 ). At the proximal corner, the pedicle of 
the hemorrhoid is suture ligated with non absorbable suture. 
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Electrocautery is used to achieve hemostasis along the bed. 
The pedicle is the transected, and the hemorrhoidal tissue 
removed. A gauze dressing is applied and the wound is left 
open to heal by secondary intent [ 2 ,  6 ].

        Closed Hemorrhoidectomy 

 The Parks or Ferguson hemorrhoidectomy involves the same 
initial steps as the open operation except the wound is closed 
with suturing. The hemorrhoid is dissected out the same way, 

  Figure 29.2    Combined internal-external hemorrhoid. A slotted 
anoscope is positioned to allow excision of the hemorrhoid       
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again with care to identify and separate the fibers of the 
internal sphincter. The pedicle is suture ligated, or encom-
passed in the anchoring stitch of the closing suture. The 
mucosa is then closed using a locking stitch to the dentate 
line and then a running stitch. A gauze dressing is then 
applied. We use an absorbable hemostatic dressing (Instat, 
Ethicon Inc.), rolled and inserted into the anus with Russian 
forceps [ 2 ,  6 ].  

  Figure 29.3    Hemorrhoidectomy. Dissection is carried proximally 
under the hemorrhoidal tissue taking care to separate the fibers of 
the internal sphincter with metzenbaum scissors       
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    Ligasure and Harmonic Scalpel Hemorrhoidectomy 

 The bipolar electrothermic sealing device, or Ligasure, has 
been used for hemorrhoidectomy. A Cochrane review com-
paring outcomes of Ligasure and excisional hemorrhoidec-
tomy revealed decreased operative time and lower blood loss 
with use of the Ligasure, as well as decreased immediate 
postoperative pain and a quicker return to work in patients 
who underwent hemorrhoidectomy with the Ligasure. Long- 
term results were not reported [ 11 ]. A randomized trial of 
closed hemorrhoidectomy versus Harmonic Scalpel ultra-
sonic vessel sealing device showed no difference in outcomes 
[ 12 ]. Another randomized trial compared Harmonic Scalpel 
hemorrhoidectomy, bipolar scissors hemorrhoidectomy, and 
sharp excision and found decreased bleeding with both 
Harmonic Scalpel and bipolar scissors. Additionally, pain was 
less with the Harmonic Scalpel [ 13 ]. A meta-analysis compar-
ing outcomes between hemorrhoidectomy with the Ligasure 
and stapled hemorrhoidopexy revealed shorted operative 
time and lower rates of recurrence with the Ligasure, 
although other outcomes were equivalent [ 14 ]. While evi-
dence appears to be mounting in favor of the Ligasure and 
the Harmonic Scalpel at least in the short term, long-term 
analysis of outcomes is still needed.  

    Stapled Hemorrhoidopexy/PPH 

 This technique involves removing a circumferential portion 
of rectal mucosa proximal to the dentate line. The goal is to 
ligate venules feeding the hemorrhoidal plexus and reduce 
redundant mucosa. This technique is based on the Whitehead’s 
hemorrhoidectomy, which involved excision of this ring of 
tissue and manual approximation of the anal mucosa to the 
dentate line. Whitehead’s procedure carries a risk of ectro-
pion, or prolapsing rectal mucosa, known as Whitehead’s 
deformity [ 2 ]. The stapled procedure involves placing an 
operating anoscope for visualization. A purse string suture is 
then placed around the rectal mucosa 4–5 cm proximal to the 
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dentate line. The stapler is inserted in the anus with the anvil 
extended. The purse string allows the surgeon to draw the 
mucosa into the device as the stapler is fired. This excises the 
ring of tissue and approximates the remaining edges with 
staples. A Cochrane review comparing stapled hemorrhoido-
pexy with excisional hemorrhoidectomy revealed increased 
rates of recurrence, symptoms of prolapse, and need for addi-
tional operations both in the short term as well as at follow-
 up of greater than 1 year. Additionally, no statistically 
significant improvement in postoperative pain with stapled 
hemorrhoidopexy was demonstrated, which is often cited as 
the primary benefit of the stapled procedure [ 15 ]. Stapled 
hemorrhoidopexy was also initially associated with serious 
complications, such as severe pelvic sepsis, rectal perforation, 
and rectal occlusion, although rates of these complications 
appear to have decreased as surgeons have become more 
comfortable with the technique. 

 The role of stapled hemorrhoidopexy remains unclear and 
its use seems to be decreasing. If one plans to include the 
stapled hemorrhoidopexy in the treatment algorithm, a thor-
ough discussion of uncertainties with the procedure should 
occur. Patients should clearly understand the goal of the 
operation as being to excise the redundant internal tissue 
that allows the internal hemorrhoids to prolapse. They should 
be advised of and willing to accept higher rates of long-term 
recurrence and potential need for reoperation. Additionally, 
patients with a large external component to their hemor-
rhoidal disease may not be good candidates as the stapled 
hemorrhoidopexy will not address this problem.  

    Transanal Hemorrhoidal Dearterialization (THD) 

 Transanal hemorrhoidal dearterialization (THD) with muco-
pexy uses a specially designed anoscope fitted with a 
Doppler ultrasound probe to identify the terminal branches 
of the hemorrhoidal arteries and then selectively ligate the 
six to eight branches feeding the hemorrhoidal submucosal 
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plexuses. This decreases the inflow to the hemorrhoidal 
cushions, thereby reducing swelling. If there is an element of 
mucosal redundancy, sutured mucopexy can also be per-
formed to reduce hemorrhoidal tissue back into the anal 
canal [ 16 ]. A recent systematic review of studies examining 
THD suggested that this non-excisional procedure can pro-
vide symptomatic relief with acceptable postoperative pain. 
However, especially with higher grade hemorrhoids, rates of 
recurrence can be as high as 50–60 %. Long-term follow up 
results are lacking [ 17 ]. Two prospective randomized con-
trolled trials comparing THD and excisional hemorrhoidec-
tomy suggested comparable outcomes, with no statistically 
significant differences in postoperative pain scores between 
procedures [ 18 ,  19 ]. De Nardi et al. also noted that THD is 
more expensive, although a formal cost analysis was not per-
formed [ 18 ]. Another trial comparing THD and Ligasure 
suggested resolution of pain in the early postoperative 
period was better after THD, but by 1 year, there was no dif-
ference between groups in terms of pain, quality of life, and 
bowel function [ 20 ]. As with the other newer techniques 
discussed above, further study of long-term results and cost 
analysis is needed.    

    Special Postoperative Considerations 

 Postoperative pain is common following any excisional opera-
tion for hemorrhoids. Narcotic pain relievers are usually 
needed for adequate pain control. Sitz baths, muscle relaxers, 
NSAIDs, and topical analgesics may also help. Stool softeners 
and laxatives are needed to reduce pain with defecation and 
lower the risk of fecal impaction. Complications also include 
urinary retention, post-operative hemorrhage, anal fissure or 
fistula, anal stenosis, incontinence for flatus or stool, perirectal 
abscess, necrotizing soft tissue infection, and anorectal sepsis. 
Secondary hemorrhage following rubber-band ligation approx-
imately 7–10 days is common and usually self-limited [ 2 ,  6 ].     
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    Abstract     Inguinal hernias represent a large burden of surgi-
cal disease and can be repaired by a variety of open and lapa-
roscopic techniques. In the following chapter we will review 
our technique for the open repair of an inguinal hernia.  

  Keywords     Inguinal hernia   •   Open inguinal hernia repair   
•   Lichtenstein   •   Tension-free herniorraphy   •   Groin hernia 
repair  

     Many techniques of open inguinal hernia repair exist [ 1 ,  2 ]. 
Historically, inguinal herniorraphies were performed utilizing 
tissue based repairs such as the Bassini repair, the McVay 
(Cooper’s ligament) repair, or the Shouldice repair, among 
others. More recently, open tension-free repairs utilizing a 
variety of different mesh products have replaced these tissue- 
based repairs due to a significant decrease in hernia recur-
rence [ 3 ]. Newer techniques utilizing glue or self-adhering 
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mesh instead of sutures are being developed with possible 
advantages of decreasing postoperative pain and operative 
time without increasing recurrence [ 4 ]. This section will 
describe the classic sutured Lichtenstein repair. 

    Positioning and Anesthesia 

 Have patients void preoperatively to decompress the bladder 
and avoid the need for foley catheter placement. Either 
monitored anesthesia combined with local anesthesia, spinal 
anesthesia, or general anesthesia may be used with good 
results. Use clippers (not a razor) for hair removal if needed. 
Prepare the skin with chlorhexadine or povidone-iodine and 
drape appropriately. Preoperative antibiotics are not manda-
tory but may be used in higher risk patients [ 5 ].  

    Obtaining Exposure 

 After prepping and draping the patient, identify the course 
of the inguinal ligament, extending from the anterior supe-
rior iliac spine to the pubic tubercle. Mark out the line of the 
incision 1–2 cm superior to the inguinal ligament, starting 
just lateral to the pubic tubercle and extending laterally 
approximately 5–6 cm. Use generous amounts of local anes-
thetic then incise the skin with a knife. Using electrocautery, 
dissect through the subcutaneous fat, then through the fatty 
layer of Scarpa’s fascia. You will come to the areolar layer 
just superficial to the external oblique aponeurosis. Dissect 
this tissue off of the aponeurosis to completely expose the 
aponeurosis, including the inferior edge of the aponeurosis. 
Follow the inferior edge medially to identify and palpate the 
pubic tubercle. Identify and palpate the external ring of 
the external oblique aponeurosis, just superior and lateral to 
the tubercle. You can find the ilioinguinal nerve exiting the 
ring. Infiltrate the tissues just deep to the external oblique 
aponeurosis with local anesthetic. Incise the external oblique 
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aponeurosis with a scalpel and then use a scissors to open 
up this layer in the direction of its fibers, medially to open 
up the external ring, then laterally to a position lateral to 
the deep ring to ensure adequate mesh overlap. Take care to 
identify and avoid injuring the ilioinguinal nerve which lies 
just beneath this aponeurosis (Fig.  30.1 ). Using a hemostat, 
grasp the inferior edge of the external oblique aponeurosis 
and lift it up. Use a “peanut” or “Kittner” to sweep the cord 
adhesions off the undersurface of the aponeurosis to expose 
the shelving edge of the inguinal ligament. You may also 
start dissecting behind the cord at this time. You can find the 
spermatic vessels and the genital branch of the genital 
femoral nerve during this dissection. Use a second hemostat 
to grasp the superior edge of the external oblique aponeu-
rosis, lifting it up. In a similar manner, sweep the cord struc-
tures off of this structure to expose the conjoint tendon 
(also known as the  falx inguinalis ) lying deep to the aponeu-

Cut edges of external
oblique aponeurosis

Ilioinguinal nerve

  Figure 30.1    Exposure for open repair of left inguinal hernia       
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rosis. The conjoint tendon appears as the fibrous, white 
aponeurotic layer of the internal oblique aponeurosis 
(Fig.  30.2 ). You should mobilize the ilioinguinal nerve and 
retract it out of harm’s way, behind the cut edge of the 
external oblique aponeurosis. For the repair, you will suture 
mesh to the conjoint tendon and to the shelving edge of the 
inguinal ligament.

    Dissect around the spermatic cord, and secure the cord 
with a penrose drain. Palpate the vas deferens within the 
cord. The vas feels like a piece of  al dente  spaghetti. This 
ensures that you have correctly isolated the spermatic cord. 
Incise the cremasteric muscle fibers longitudinally to expose 
the spermatic cord. If the patient has an indirect inguinal 
hernia, you will find it on the anteromedial surface of the 
cord. You may find a lipoma, a piece of preperitoneal fat 
 protruding through the internal ring. If you find a lipoma, 
either reduce it through the ring or ligate and excise it. If you 

Ilioinguinal nerve
retracted out of

harm’s way

Internal
oblique muscle

Conjoint tendon
deep to superior

portion of
external
oblique

aponeurosis

  Figure 30.2    Exposure of conjoint tendon       
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find an indirect hernia, dissect the sac off the cord structures 
all the way back to the internal ring (Fig.  30.3 ). You may 
incise (with care to avoid bowel injury, especially in the case 
of a sliding hernia) and explore the peritoneal sac. If you 
open the sac, place your index finger in the hole, palpate for 
the iliac artery, then palpate medially to search for a femoral 
hernia. If you find a femoral hernia you will have to modify 
your technique to repair it (briefly discussed later.) You can 
then perform a high ligation of the sac by clamping it off 
around the level of the internal ring (with care to ensure no 
bowel is present in the sac,) tying it off, and reducing the 
stump through the internal ring. Alternatively, you may 
reduce the sac without opening it. You would note a direct 
hernia as an attenuation and bulging of the transversalis fas-
cia in the medial aspect of the inguinal area, in Hesselbach’s 
triangle, bordered inferiorly by the inguinal ligament, medi-
ally by the rectus muscle, and laterally by the inferior epigas-
tric vessels.

Spermatic cord with
penrose drain

elevating it

Indirect hernia sac
dissected off the

cord
structures back to

the internal ring

  Figure 30.3    Dissection of hernia sac off of spermatic cord       
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       Repair the Hernia Defect 

 The surgeon performs a Bassini type primary repair by 
approximating the conjoint tendon with the inguinal liga-
ment using interrupted permanent sutures, such as 2-0 poly-
ester sutures. The Lichtenstein repair performs the same 
basic anatomic repair but uses mesh to bridge the gap to 
prevent the tension seen in the primary Bassini repair. 
Importantly, neither a Bassini nor a Lichtenstein operation 
will repair a femoral hernia defect, since the Bassini and 
Lichtenstein repairs cover the space anterior to the inguinal 
ligament, while a femoral hernia occurs deep to the inguinal 
ligament, anterior to Cooper’s ligament. To repair a femoral 
hernia defect, options include a McVay (Cooper’s ligament) 
repair (approximating the conjoint tendon to Cooper’s liga-
ment), a primary or mesh plug closure of the femoral defect 
via an infrainguinal approach, or a laparoscopic repair. 

 For the Lichtenstein repair, fashion a piece of 3–4 inch by 
6 inch mesh. Expose the pubic tubercle by using one 
Richardson retractor to retract the spermatic chord superi-
orly and another to retract the inferior edge of the external 
oblique aponeurosis inferiorly and medially. Palpate the 
pubic tubercle. Approximate the mesh to the aponeurotic tis-
sues just medial to the pubic tubercle using 2-0 polypropyl-
ene suture. Then, using that stitch as a continuous suture, 
approximate the inferior edge of the mesh to the shelving 
edge of the inguinal ligament to a point lateral to the internal 
ring, then tie the stitch. Cut a longitudinal slit laterally in the 
mesh from the lateral edge of the mesh to a point around the 
internal ring. Pass the superior tail of the mesh underneath 
the cord and tuck both tails laterally under the external 
oblique aponeurosis. You may cut the tails shorter to allow 
for appropriate positioning under the external oblique apo-
neurosis. Reposition the retractors to retract the spermatic 
cord inferiorly and the superior edge of the external oblique 
aponeurosis superiorly to expose the conjoint tendon. Using 
a simple interrupted 2-0 polypropylene suture, approximate 
the medial portion of the superior tail of the mesh with the 
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tissue around the pubic tubercle, close to the original stitch, 
to prevent a medial hernia recurrence. Using interrupted 
sutures and moving from medial to lateral, approximate the 
superior tail of the mesh with the conjoint tendon, stopping 
lateral to the internal ring. When completed, the mesh should 
appear flat, without excessive wrinkling. 

 The original description of the operation has the surgeon 
form the new internal ring by approximating the two tails of 
the mesh with the inguinal ligament, lateral to the cord [ 1 ]. 
Alternatively, many surgeons approximate the two tails with 
each other but not with the inguinal ligament, The new inter-
nal ring should be just large enough to admit the tip of a fin-
ger: tight enough to prevent an indirect hernia but loose 
enough to prevent cord ischemia. Adjust the size accordingly 
by either using a scissor to cut the mesh forming the hole to 
make the hole larger or by placing another stitch to make the 
hole smaller. Examine the quality of the repair (Fig.  30.4 ).

Ilioninguinal
nerve

preserved,
positioned
on mesh

penrose drain
around

spermatic cord

Mesh

Superior portion of
external oblique aponeurosis

Completed repair

  Figure 30.4    Appearance of mesh and ilioinguinal nerve after repair       
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   Irrigate the wound if appropriate and ensure hemostasis. 
Replace the nerves in the correct anatomic position overlying 
the mesh, and ensure that no nerve injury or entrapment has 
occurred. If an injury or entrapment may have occurred, then 
divide the nerve laterally, excise the exposed portion to pre-
vent pain relating to a nerve injury, and place the cut end of 
the nerve into muscle. Re-approximate the external oblique 
aponeurosis using a continuous absorbable suture. Finally, 
re-approximate Scarpa’s fascia using a few interrupted 
absorbable sutures and close the skin with a subcutaneous 
absorbable suture and dressing.     
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    Abstract     Inguinal hernias are one of the most common 
problems seen in surgical clinics across the world. While her-
nias may be repaired by a variety of open and laparoscopic 
techniques, this chapter we will review our technique for 
the laparoscopic transabdominal preperitoneal repair of an 
inguinal hernia.  

    Chapter 31   
 Laparoscopic Inguinal Hernia 
Repair: Transabdominal 
Preperitoneal (TAPP) 
Approach                     
     Patrick     J.     Shabino       and     Jacob     A.     Greenberg     

        P.  J.   Shabino ,  MD      (�) 
  Department of Surgery ,  University of Wisconsin , 
  600 Highland Ave ,  53792   Madison ,  WI ,  USA    
 e-mail: pshabino@uwhealth.org   

    J.  A.   Greenberg ,  MD, EdM      
  Department of Surgery ,  University of Wisconsin , 
  K4/748 CSC, 600 Highland Avenue , 
 53792   Madison ,  WI ,  USA   
 e-mail: greenbergj@surgery.wisc.edu  

mailto:pshabino@uwhealth.org
mailto:greenbergj@surgery.wisc.edu


532
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 inguinal hernia repair  

     The patient should be positioned with arms tucked at their 
sides allowing the surgeon and assistant to position them-
selves optimally for operating in the inferior abdomen and 
pelvis. The room and equipment should be organized to allow 
clear line of sight to a single monitor which is placed at the 
patients feet. The patient should void immediately prior to 
entry into the operating room. If they fail to void preopera-
tively, a foley catheter should be placed for bladder 
decompression. 

 Abdominal entry is performed at the inferior umbilical 
margin through a curvilinear incision. We utilize a Hasson 
technique and a 12 mm Hasson port is placed after the fas-
cia is opened under direct visualization. Two additional 
5 mm ports are then placed at the right and left midclavicu-
lar lines at the level of the umbilicus. The patient is then 
placed in trendelenburg position and both groins are 
inspected. Looking in the inferior abdomen and anteriorly, 
the hernia is identified sac extending through the defect in 
the abdominal wall in the indirect or direct space as well the 
epigastric vessels behind their covering of parietal perito-
neum (Fig.  31.1 ). The peritoneum is then incised from the 
median umbilical fold laterally. The incision should be cre-
ated cephalad to the groin defect and care should be taken 
not to injure the epigastric vessels which lie just anterior to 
the peritoneum at this location. At the lateral extent of this 
incision, the incision is curved inferiorly to just below the 
level of the defect (Fig.  31.2 ).

     We begin our dissection in the indirect space where the 
testicular vessels and vas deferens are identified and bluntly 
dissected off the underlying peritoneum (Fig.  31.3a, b ). In 
the female patient, the round ligament is generally quite 
adherent to the peritoneum and in order to avoid peritoneal 
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  Figure 31.1    Right indirect inguinal hernia       

  Figure 31.2    Peritoneal incision       
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tears, the round ligament is clipped and divided. The pre-
peritoneal space is then  bluntly dissected along the medial 
portion of our incision. The bladder is mobilized in the 
space of Retzius and Cooper’s ligament is identified on both 
the right and left sides (Fig.  31.4 ). Direct defects will be 
found in this location and can be reduced by pulling the 

a

b

  Figure 31.3    ( a ) Testicular vessels are seen dissected off the perito-
neum while vas deferens are still attached. ( b ) Both testicular ves-
sels and vas deferens are mobilized off the peritoneum       
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perperitoneal fat off of the overlying transversalis fascia. 
Indirect defects should then be reduced by pulling the peri-
toneal hernia sac medially and bluntly pushing the vas def-
erens and testicular vessels laterally (Fig.  31.5 ).

  Figure 31.4    Bladder mobilization to expose the pubic symphysis 
and Cooper’s ligaments       

  Figure 31.5    Reduction of an indirect hernia sac       
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    Once the hernia sac has been completely reduced, ade-
quate space must be created in order to accommodate our 
mesh. Careful dissection along the iliac vessels is performed 
in an avascular plane in order to expose the femoral space 
and create adequate room for mesh reinforcement. Take care 
to avoid vessels in this area such as the obturator vein and 
corona mortis as it traverses coopers ligament. The com-
pleted dissection is seen in Fig.  31.6 .

   Proper mesh placement should focus on covering the 
entire myopectineal orifice with wide overlap in all direc-
tions. We use an anatomically shaped polypropylene mesh 
which is inserted through the 12 mm trocar and extends 
medially to at least the pubic symphysis and most commonly 
to the contralateral side (Fig.  31.7 ). Fixation is not generally 
required but can be performed with permanent or absorb-
able tacks or fibrin glue. If tack fixation is desired, tacks 
should be placed medially into Cooper’s ligament or the 
rectus muscles and laterally above the level of the iliopubic 
tract. Great care must be taken not to place tacks below 
Cooper’s ligament medially or the iliopubic tract laterally as 
vascular or nerve injuries could occur.

    The peritoneal defect needs to be closed over the mesh to 
prevent bowel exposure to the mesh and minimize adhesions. 
This may be completed with a variety of methods. We prefer 

  Figure 31.6    Completed dissection       
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  Figure 31.7    Mesh placement       

  Figure 31.8    Peritoneal closure       
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to suture the defect with a continuous running barbed slowly 
absorbable suture (Fig.  31.8 ). Alternatively, tacks or staples 
may be used for peritoneal closure. With the peritoneal 
defect closed, the trocars are removed, the abdomen is desuf-
flated and the fascial defect at the 12 mm port site is closed 
with interrupted absorbable suture. Skin sites are closed and 
covered with a protective dressing. The scrotum is inspected 
following the procedure to ensure both testicles are present.   
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    Abstract     Inguinal hernias are extremely common and can 
be repaired through a variety of open and laparoscopic tech-
niques. The following chapter reviews our approach to the 
laparoscopic Totally Extraperitoneal Inguinal Hernia Repair.  

  Keywords     Inguinal hernia   •   Groin hernia   •   Extraperitoneal   
•   TEP   •   Laparoscopic inguinal hernia repair  

     A variety of approaches to inguinal hernia repair are avail-
able to surgeons. Both open traditional repair and laparo-
scopic repair provide excellent results with low recurrence 
rates. The laparoscopic totally extraperitoneal (TEP) 
approach allows for mesh placement within the preperitoneal 
space without entering the abdominal cavity, thereby avoid-
ing the incision and closure of the peritoneum required of the 
transabdominal preperitoneal approach (TAPP). In this 
chapter, I will describe the technique of laparoscopic TEP 
inguinal hernia repair. 
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 The procedure is overwhelmingly performed utilizing 
 general anesthesia, although regional anesthesia (spinal, epi-
dural) approaches have been described. The patient is 
instructed to void on call to the operating room and if suc-
cessful, intraoperative bladder decompression is not rou-
tinely performed. The patient is positioned supine with the 
arms tucked to the side. Preoperative antibiotics are adminis-
tered within 30 min of incision and lower extremity pneu-
matic compression stockings are utilized for DVT prophylaxis. 
The abdomen and groin areas are prepped and draped. 

 Initial incision is made in the infraumbilical position. 
Dissection is carried to the anterior rectus fascia, just lateral 
to the midline. The anterior fascia is incised longitudinally 
and the rectus muscle retracted laterally to expose the poste-
rior fascia. I routinely make the incision to the right of mid-
line, although either side is acceptable. The dissection tends 
to be better on the side of the fascial incision. Dissection is 
initiated between the rectus muscle and posterior fascia with 
a finger or blunt dissecting instrument. The dissecting balloon 
is inserted into the space between the rectus muscle and pos-
terior fascia and directed to the symphysis pubis. Avoid over- 
aggressive insertion posterior to the symphysis due to the risk 
of bladder injury. The dissecting balloon is inflated while the 
space is viewed with the laparoscope. The pubis and Cooper’s 
ligaments should be seen bilaterally, the rectus fibers and 
inferior epigastric vessels anteriorly and the urinary bladder 
posteriorly (Figs.  32.1  and  32.2 ). The balloon is deflated, 
removed and replaced with a Hassan-type trocar. Carbon 
dioxide flow is maintained at 12 mmHg and the patient is 
placed in moderate Trendelenburg position. Two 5 mm tro-
cars are placed; one approximately one finger breadth above 
the symphysis, the other halfway between the two previously 
placed trocars.

    Direct inguinal hernias are typically seen and oftentimes 
reduced as the balloon dissector inflates. The same is true of 
femoral and obturator hernias. Unreduced direct hernias 
should be carefully reduced, clearing Cooper’s ligament and 
allowing for visualization of lateral structures (Figs.  32.3  and 
 32.4 ). Prior to lateral dissection, the position of the inferior 
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epigastric vessels should be identified as occasionally, these 
vessels will be pushed posteriorly by the dissecting balloon. It 
is important that lateral peritoneal dissection occur posterior 
to the plane of the epigastric vessels. In rare circumstances, 

  Figure 32.1    View through dissecting balloon. Note pubis and 
Cooper’s ligament bilaterally       

  Figure 32.2    View through dissecting balloon showing left inferior 
epigastric vessels and direct hernia       
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the epigastric vessels may be clipped and divided should they 
dissect free from the rectus bed.

    Lateral peritoneal blunt dissection will expose the arcuate 
line anteriorly and the psoas muscle posteriorly. The three 
cutaneous nerves, ilioinguinal, genitofemoral and lateral 

  Figure 32.3    Attenuated transversalis fascia of left direct hernia, 
medial to inferior epigastric vessels       

  Figure 32.4    Left direct inguinal hernia fully reduced       
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femoral cutaneous, lay on the psoas muscle and should be 
avoided during dissection and mesh fixation. Lateral dissec-
tion will expose the lateral aspect of an indirect hernia sac. 
This sac should be reduced from the internal ring with 
 bimanual traction and careful dissection. Spermatic cord 
structures are dissected off of the lateral aspect of the indirect 
sac and carefully preserved. The indirect sac should be dis-
sected in a cephalad direction to the point at which the vas 
deferens turns inferiorly toward the bladder (Fig.  32.5 ). The 
internal ring should be examined for evidence of a lipoma, 
which, if noted, should be dissected from the ring.

   There are a variety of mesh products that may be used for 
the repair. Polyester or lightweight polypropylene, 4 × 6 inch, 
or precontoured mesh products are commonly employed. 
Mesh is inserted through the Hassan port and positioned in 
only fashion over the inguinal floor, covering direct, indirect, 
femoral and obturator spaces (Fig.  32.6 ). It is essential that the 
mesh cover these spaces widely, while avoiding peritoneal 
migration beneath the posterior aspect of the mesh. Mesh 
fixation may be utilized routinely or selectively (direct  hernias, 

  Figure 32.5    Left side view of spermatic cord vessels lateral and vas 
deferens medial. Peritoneum dissected in cephalad direction to a 
point where the vas deferens courses inferomedially toward bladder       
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large indirect hernias). The author’s preference is to routinely 
fix mesh with absorbable tacks. Fixation should occur in three 
areas: Cooper’s ligament, anteromedial and anterolateral 
(Fig.  32.7 ). Posterolateral fixation is to be avoided due to risk 
to the cutaneous nerves.

  Figure 32.6    Mesh fixation to pubis with absorbable straps       

  Figure 32.7    Absorbable straps being deployed anterior to symphysis 
pubis       
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    For bilateral hernias, the two pieces of mesh should over-
lap at the midline. For all repairs, 10 mL of 0.25 % bupiva-
caine with epinephrine is sprayed over the psoas muscle(s) as 
a field block for postoperative analgesia. Special attention is 
paid to the inferolateral corner of the mesh as the CO 2  is 
evacuated to assure the mesh remain entirely extraperito-
neal. Failure to do so will result in an early recurrence of the 
hernia. Ports are removed as the space is de-sufflated and all 
gas is evacuated. The anterior rectus sheath is closed with 
absorbable suture as are skin incisions. Sterile band-aids or 
dermabond are applied to the skin.   
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    Abstract     Umbilical hernias are common primary ventral 
hernias and many become symptomatic over time. In the fol-
lowing chapter, we will review the open repair of umbilical 
hernias with and without mesh reinforcement.  

  Keywords     Umbilical Hernia   •   Ventral Hernia   •   Mesh   • 
  Open Umbilical Henria Repair   •   Mesh Herniorraphy  

     The procedure can be performed under general anesthesia 
with an endotracheal tube or a laryngeal mask airway, or 
utilizing local anesthetics and sedation. The surgeon should 
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appropriately anesthetize the periumbilical area prior to inci-
sion. A semicircular infraumbilical incision is made (Fig.  33.1 ), 
and the subcutaneous tissue is dissected down to the underly-
ing fascia. The umbilical stalk is isolated, encircled, and 
divided (Fig.  33.2 ). Care must be taken to avoid injuring the 
umbilical skin during this portion of the procedure. The her-
nia sac and its contents are dissected from the fascia and the 
hernia defect, and then reduced into the abdominal cavity 
(Fig.  33.3 ). Hernia defects less than 2 cm are then closed pri-
marily, while larger defects are repaired with mesh in order to 
decrease recurrence rates [ 1 ,  2 ].

        Primary Repair 

 For a primary repair, the fascial edges are dissected out and 
reapproximated with interrupted braided polyester sutures 
(Ethibond, Johnson & Johnson) (Fig.  33.4 ). This can be done 
with interrupted or figure of 8 type sutures or utilizing a vest 
over pants technique. The base of the umbilicus is resecured 

  Figure 33.1    An infraumbilical, semicircular incision is made       
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to the underlying fascia with a single simple absorbable 
suture, and the overlying skin is then closed. In order to pre-
vent seroma formation we place a cotton ball in the umbili-
cus, cover it with an occlusive dressing, and aspirate the air 
with a needle to create a pressure dressing (Fig.  33.5 ).

        Preperitoneal Mesh Repair 

 Once the hernia has been reduced, the preperitoneal space is 
cleared to make space for the mesh to extend 3–5 cm beyond 
the edges of the defect. Blunt dissection with the surgeon’s 
finger or a surgical sponge through the hernia defect can 

  Figure 33.2    A clamp around the isolated umbilical stalk. Division 
of the stalk allows access to the hernia defect below       
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 create the preperitoneal pocket for mesh placement. The 
PROCEED Ventral Patch (PVP, Ethicon, Johnson & 
Johnson) is a composite, polypropylene based circular mesh 
used for small umbilical and ventral hernias. It is available in 
two sizes, 4.3 and 6.4 cm, and has two anchoring straps on the 
external surface. For use, the PVP is moistened with saline, 
folded into a semicircle, and placed in the hernia defect, tak-
ing care to secure the anchoring straps prior to insertion 

  Figure 33.3    The hernia sac is dissected free of its attachments to the 
fascia and replaced within the abdomen       
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  Figure 33.4    Simple interrupted sutures close the hernia defect in 
this primary repair       

  Figure 33.5    A cotton ball pressure dressing is created by covering 
the umbilicus with a cotton ball and occlusive dressing, and aspirat-
ing the excess air with an empty syringe       
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(Fig.  33.6 ). The mesh is self-expanding, though this may be 
aided either by manipulating the straps or using the back of 
a forceps. Once the mesh is in position, the fascia is closed 
laterally to the anchoring straps with interrupted polyester 
sutures. The medial closure incorporates the anchoring straps 
in the fascial closure to hold the mesh in place (Fig.  33.7 ). The 
excess strap is then trimmed. The base of the umbilicus is 
secured to the underlying fascia with a single simple absorb-
able suture, and the overlying skin closed. The cotton ball 
pressure dressing is then placed over the umbilicus.

  Figure 33.6    The Proceed Ventral Patch in place, covering the fascial 
defect. The anchoring straps are sutured to the edges of the fascial 
defect and the excess strap is trimmed       
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  Figure 33.7    Fascial closure incorporating the Proceed Ventral Patch       
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    Abstract     Ventral and Incisional hernias are a common prob-
lem encountered by general surgeons. While there are open 
and laparoscopic approaches for the repair of these hernias, this 
chapter will focus on the laparoscopic repair of ventral hernias.  

  Keywords     Ventral Hernia   •   Incisional Hernia   •   Laparoscopy   
•   Laparoscopic Ventral Hernia Repair   •   Mesh  

        Positioning and Anesthesia 

 The patient is placed in the supine position for most hernias 
of the upper abdomen. If the fascial defect is in the lower 
abdomen, the arms are tucked to enable the surgeon and 
assistant to stand closer to the patient’s head to facilitate dis-
section in the lower abdomen. Care is taken to pad potential 
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pressure points along the arms to prevent peripheral neu-
ropathies which may develop after prolonged compression of 
the upper or lower extremities. Extra padding is also placed 
between IV lines and the skin to prevent skin breakdown 
after the case. General anesthesia is administered given that 
pneumoperitoneum is an essential part of the operation. 
Muscle paralysis is also critical to ensure adequate visualiza-
tion of the peritoneal cavity during the operation.  

    Patient Preparation 

 Following induction with general anesthesia and placement 
of the endotracheal tube, an orogastric tube is placed into the 
stomach and connected to suction for gastric decompression. 
This is important given that the first port will be placed into 
the left upper quadrant. If the case is expected to take longer 
than 2 hours, a foley catheter is typically placed. For lower 
abdominal hernias, a three-way foley catheter may be placed 
to facilitate injection of methylene blue through the one of 
the catheter ports to ensure that the bladder has not been 
injured. The abdomen is prepped and draped and an antimi-
crobial drape (e.g., Ioban TM ) is placed onto the abdomen to 
secure the drapes along the lateral edges and minimize mesh 
contact with the skin (a potential source for infection).  

    Description of Procedure 

    Abdominal Access and Port Placement 

 Access may be obtained through a variety of approaches 
including the, Hasson technique or use of a Veress needle. We 
prefer the latter technique. A Veress needle is introduced into 
the left upper quadrant immediately inferior to the costal 
margin at the mid-clavicular line (Fig.  34.1 ). Following a 
negative saline drop test, the abdomen is inflated to a pres-
sure of 15 mmHg. The Veress needle is then withdrawn and a 
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5 or 12 mm port is introduced into the abdomen either 
blindly or under direct visualization with an optical trocar. 
Depending on the size and location of the hernia defect, two 
to four additional ports are placed along the right and left 
lateral margins of the abdomen (Fig.  34.2 ). It is critical that 
these ports are placed away from the fascial defect. If they 
are placed too close to the fascial defect, they will become 
non-functional when the mesh is placed because the mesh 
will overlap with the port locations.

    At least one of the ports is typically a 12 mm port to allow 
passage of the mesh. If a small piece of mesh is used (e.g., a 
9 cm round), an 8 mm port may be used or one of the 5 mm 
ports may be removed so the mesh can be placed through the 
port site incision. For most medium sized hernia defects, 
three ports are placed on the patient’s left so the surgeon can 
have two working ports on the same side of the abdomen that 

  Figure 34.1    Veress needle placement. A Veress needle is placed 
into the left upper quadrant. After a negative saline drop test, the 
abdomen is insufflated to a pressure of 15 mmHg       
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the camera is located. A single right-sided port is usually nec-
essary for fixation of the mesh along the left margin of the 
mesh. If this is too difficult with the camera on the left side, 
an additional 5 mm port can be placed on the patient’s right 
such that the surgeon is not working opposite the camera.  

    Dissection and Characterization of Hernia Defect 

 A combination of blunt and sharp dissection with scissors is 
used to reduce herniated abdominal contents from the 
abdominal wall. The most commonly herniated contents are 
omentum and small bowel although the transverse colon and 
other organs such as the liver or stomach can be present 
within the hernia (Fig.  34.3 ). Tedious dissection is critical 

  Figure 34.2    Abdominal port positioning. This patient has a 2 cm 
umbilical hernia. Only 3 ports are needed given that we typically use 
a small mesh (9 cm round) for this type of hernia. The ports are 
placed quite lateral both on the right and left side to ensure an 
adequate working space once the mesh is placed into the abdomen       
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 during this phase of the operation to avoid the dreaded com-
plication of a missed enteric injury. Our preference is to avoid 
usage of cautery or bipolar energy devices if possible given 
the possibility of enteric injury. Often, a combination of gen-
tle pushing and pulling using atraumatic graspers will result 
in separation of the omentum from the hernia sac. If the 
omentum is densely adherent to the abdominal wall and can-
not be easily reduced, judicious use of cautery or bipolar 
energy devices is reasonable if we are able to ensure that no 
bowel is in close proximity. If the anatomy is unclear or we 
are unable to reduce the herniated contents laparoscopically, 
we do not hesitate to convert to an open approach to finish 
the hernia reduction.

   A plastic ruler is then introduced into the abdomen to 
measure the length and width of the fascial defect. Two atrau-
matic graspers are used to stretch the ruler in both the 

  Figure 34.3    Herniated omentum. Herniated omentum can be seen 
exiting through the umbilical defect while an adhesion can be seen 
in the foreground. This herniated tissue was easily reduced with 
blunt dissection using atraumatic graspers. Care was taken to avoid 
ripping the omentum as this frequently causes bleeding       
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cranial- caudal and lateral directions to abdomen these mea-
surements. We prefer at least 3 cm of overlap between the 
mesh and fascial edges on each side to minimize the likeli-
hood of hernia recurrence.  

    Closure of the Hernia Defect 

 Given that laparoscopic ventral hernia repairs are typically 
performed for small to medium sized hernia defects, it is usu-
ally possible to close these hernia defects primarily before 
placing the intra-abdominal mesh. While there is no consen-
sus on whether this maneuver decreases hernia recurrence, it 
helps decrease the dead space superficial to the intra- 
peritoneal mesh and closes the hernia defect. To perform this 
closure, the center of the fascial defect is marked with a pen 
and a stab incision is made with a 15 blade scalpel. A #1 or 0 
suture is then passed transfascially with a suture passer (e.g., 
Endo Close TM  or Carter-Thomason device) (Fig.  34.4 ). 
Multiple sutures can be placed along the fascia from the same 
skin incision site. This minimizes the number of stab incisions 
that are needed. For most defects, 2–3 stab incisions are used 
to pass 5–10 transfascial sutures. Alternatively, the fascia can 
be sutured closed intracorporeally using a slowly absorbable 
barbed suture.

       Mesh Selection and Orientation 

 A round mesh is typically selected for small to medium size 
umbilical hernia defects while a rectangular mesh is used for 
“swiss cheese” type defects which may occur after laparoto-
mies. We prefer to use a composite mesh with an anterior 
later that promotes ingrowth into the abdominal wall and a 
posterior layer that is designed to minimize visceral attach-
ments to the mesh. Once the mesh is selected, the mesh is 
folded in half and a pen is used to bisect the mesh. The mesh 
is then placed onto the abdomen and centered along the 
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hernia defect using the previous placed pen mark in the 
center of the hernia defect (Fig.  34.5 ). The mesh is then out-
lined on the abdominal wall and an “x” is placed 1 cm 
peripheral to where each line on the mesh intersected with 
the outline of the mesh on the abdominal wall (Fig.  34.6 ). 
These “X’s” mark the spot where the transfascial sutures in 
the mesh will be pulled up through the abdominal wall. 
These X’s are placed 1 cm peripheral to the mesh outline 
because the abdominal wall has a round shape and since the 
suture passer is advanced perpendicular to the abdominal 
wall, it will typically pierce the peritoneal lining in a loca-
tion that allows the mesh to be pulled up taught to the 
abdominal wall. The insufflation pressure may also be 
decreased so that the abdominal wall takes on its more rou-
tine shape.

  Figure 34.4    Primary fascial closure. The first transfascial suture is 
being placed with the aid of a transfascial suture passer (not pic-
tured). Three transfascial sutures were used in this case to close the 
fascial defect       
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    Depending on the size of the mesh, two to eight sutures are 
placed through the outer layer of the mesh near the edge. If a 
small piece of mesh is used (e.g., 9 cm round), two sutures 
placed across from each other are adequate to fixate the mesh 
to the abdominal wall and facilitate tacking. For larger, rectan-
gular pieces of mesh, numerous sutures may be needed to facili-
tate fixation and tacking. Alternatively, there are now several 
commercially available mesh deployment devices which may 
aid in mesh positioning. Once the sutures have been placed into 
the mesh and the needles have been removed, the mesh is 
briefly placed in saline and  subsequently rolled up and placed 
into the abdomen through the 12 mm port (Fig.  34.7 ).

   Orientation is checked to ensure that the non-adherent 
side faces the viscera. This is verified by noting the location of 
the suture knots which are on the abdominal wall side of 
the mesh. If a non-circular piece of mesh is used, proper 

  Figure 34.5    Mesh positioning. A 9 cm round mesh has been 
bisected with two perpendicular lines drawn on the abdominal wall 
side of the mesh. The mesh has been outlined on the abdominal wall 
for subsequent marking which will be used for transfascial suture 
placement       
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 cranial- caudal mesh orientation is verified. We prefer to draw 
on the abdominal wall side of the mesh prior to mesh inser-
tion so that orientation is obvious once in the abdomen (e.g., 
a stick figure; the head of the figure corresponds with the 
cranial positioning of the mesh).  

    Securing the Mesh 

 An empty suture passer is placed through the previously 
placed stab incisions where the “X’s” were previously marked 
1 cm peripheral to the outline of the mesh. The assistant uses a 
bullet-nosed grasper or Maryland device (not an atraumatic 
grasper which holds suture poorly) to grasp and deliver the 

  Figure 34.6    Mesh positioning (cont). Given that a small round 
mesh was used in this case, only two transfascial sutures were placed. 
X’s mark the spot approximately 1 cm peripheral to where the verti-
cal line in the mesh intersects with the outline of the mesh. In this 
case, the two X’s are made in the midline, rather than the laterally 
to minimize the likelihood of inferior epigastric vascular injury dur-
ing passage of the transfascial suture device       
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suture to the transfascial suturing device. The surgeon then 
pulls the device out of the abdomen and snaps the suture near 
the tail. The surgeon then advances the passer through the 
same skin incision and alters the location where the tip pierces 
the peritoneum by approximately 1 cm. The passer is removed 
and both tails are snapped at their ends. Once all suture tails 
have been pulled through the fascia, they are pulled up in uni-
son and tied sequentially. The mesh is then tacked into place 
using a double-crown technique and absorbable tacks 
(Fig.  34.8 ). Placement of the tacks for each of the two rows is 
approximately one centimeter away from the next tack near 
the margins of the mesh. This is very important because it helps 
prevent herniation of intra- abdominal contents above the 
mesh which can result in bowel incarceration and ischemia.

  Figure 34.7    Mesh placement into the abdomen. The mesh has been 
rolled up and is being passed with an atraumatic grasper through the 
12 mm port. The non-adhesive barrier side is protected by rolling up 
the mesh so that the abdominal wall side faces outward. Suture tails 
from the two sutures placed into the mesh can be seen exiting the 
12 mm port       
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       Identification and Avoidance of Epigastric Vessels 

 It is critical to identify and avoid the inferior epigastric vessels 
during passage of the transfascial suture passer and tacking. If 
they are inadvertently injured, two sutures should be placed 
using the transfascial suture passer: one above the bleeding 
point and encompassing the bleeding vessel and one below. 
These may be simple sutures or figure of eight’s. 
A large abdominal wall hematoma or intra-abdominal hemor-
rhage may ensue if this injury is not addressed appropriately.  

  Figure 34.8    Securing the mesh. The transfascial sutures have been 
secured at the upper and lower margins of the mesh and the first 
row of absorbable sutures has been placed at approximately 1 cm 
intervals along the outer circumference of the mesh. A second row 
of tacks will be placed approximately 1 cm inward from the initial 
outer row creating a ‘double crown’ row of tacks. The pre-peritoneal 
fat seen along the inferior portion of the mesh occasionally needs to 
be mobilized away from the hernia defect to ensure that intra- 
abdominal contents will not herniate above the inferior margin of 
the mesh       
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    Wound Closure 

 Following mesh fixation, the abdominal cavity is explored to 
ensure that there is no ongoing bleeding. Specifically, the 
abdominal wall and omentum are examined. Actively bleed-
ing areas can either be cauterized or clipped. Once hemosta-
sis is achieved, we typically close the 12 mm port site with a 
#1 suture on a suture passer. Fascial defects at the 5 mm port 
sites are not closed. The ports are then removed under direct 
visualization and the abdomen is desufflated. Absorbable 
sutures and topical glue are used to close the skin incision. 
Topical glue alone is used to close the stab incisions for the 
transfascial suture device. An abdominal binder may be 
applied if the hernia defect was moderate or large in size.  

    Postoperative Care 

 Unless there was significant manipulation of the bowel or 
concern for delayed return of bowel function (e.g., the patient 
was obstructed at the time of an urgent hernia operation), the 
orogastric tube and foley are typically removed at the end of 
the case and the patient is given a liquid diet. Advancement 
is dictated by the patient’s condition. IV and oral narcotics 
are provided on an as needed basis. Most patients are able to 
go home within 1–2 days after surgery. Excellent pain control 
and adequate mobility are essential prior to discharge.     
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    Abstract     Large ventral and incisional hernias are challeng-
ing procedures often associated with significant morbidity 
and high risks of recurrence. While there are a variety of 
options available for the repair of these hernias, this chapter 
will focus on the open retromuscular technique for Ventral 
Hernia repairs.  

  Keywords     Open Ventral Hernia Repair   •   Retromuscular   • 
  Rives-Stoppa   •   Incisional Hernia   •   Ventral Hernia   •   Mesh  

     The use of mesh in the repair of ventral and incisional hernias 
has led to a significant decrease in the rate of recurrence 
compared to primary repair [ 1 ]. During ventral hernia repair, 
mesh can be placed in the onlay, inlay, sublay, or underlay 
position, which describes where the mesh lies with respect to 
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the fascia. In this chapter we will describe the technique of 
sublay mesh placement in the retrorectus position as it was 
popularized by Rives and Stoppa [ 2 ,  3 ]. 

 We routinely use epidural analgesia for these operations 
as they are associated with significant pain during the early 
postoperative period. The patient is laid supine on the table 
with the arms out. The abdomen is widely prepped and 
draped making sure to extend the prep wider than the origi-
nal incision as the mesh will extend beyond the incision in all 
directions. We routinely give preoperative antibiotics for skin 
flora and utilize both pneumatic boots and subcutaneous 
heparin administration for DVT prophylaxis. The old scar is 
excised and the abdomen is opened widely over the entire 
length of the previous incision. The fascia is opened cephalad 
or caudad to the defect in virgin territory in order to decrease 
the risk of bowel injury on entry. The incision is then opened 
widely and adhesiolysis is performed to a point lateral to the 
linea semilunaris so that the posterior rectus sheath can be 
opened widely and safely. If the hernia is located in the sub-
xiphoid or suprapubic location, these areas are also freed of 
adhesions. 

 Once the adhesiolysis is complete we turn our attention to 
dissection of the posterior rectus sheath. Kocher clamps are 
placed on the medial edge of the fascia and the fascia is ele-
vated anteriorly. Aliss clamps are used to grasp the posterior 
sheath 1 cm lateral to the linea alba and the posterior sheath 
is opened with electrocautery (Fig.  35.1 ). The rectus abdomi-
nis muscle should be identified to ensure that you are in the 
correct plane and not simply preperitoneal. Using a peanut or 
the surgeons finger the rectus muscle can bluntly be dissected 
off of the underlying posterior sheath. The sheath is then 
opened both cephalad and caudad over the entire length of 
the fascial defect and extending several centimeters both 
above and below the defect (Fig.  35.2 ). Using Richardson 
retractors, the rectus muscle is retracted laterally while con-
stant medial tension is kept on the posterior sheath in order 
to dissect the retrorectus space to its lateral extent at the 
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linea semilunaris. Perforating neurovascular bundles and the 
inferior epigastric vessels can be seen laterally and should be 
preserved (Fig.  35.3 ). Once the linea semilunaris is reached 
the dissection is completed in a similar fashion on the contra-
lateral side.

     After the posterior sheath dissection is complete, the pos-
terior sheath is closed using a running 2-0 Polydiaxanone 
(PDS) suture (Ethicon, Cincinnati, OH) (Fig.  35.4 ). Sponge 
and needle counts should be completed at this time as the 
abdomen will be essentially closed at this point. The retro-
rectus space is then measured and an appropriately sized 
piece of mesh is selected. There are a wide variety of mesh 
products that can be utilized in this space. For all clean cases, 

   Figure 35.1    Beginning dissection of the posterior sheath. The pos-
terior sheath is incised 1 cm lateral to the linea alba and grasped 
with an Aliss clamp to aid in retraction       
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   Figure 35.2    Complete posterior sheath dissection. Retractors are 
on the rectus abdominis muscle       

   Figure 35.3    Perforating neurovascular bundles can be seen later-
ally at the linea semilunaris       
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we prefer a midweight macroporous synthetic mesh. This 
mesh is cut to fit the retrorectus space and 0 PDS sutures are 
preplaced on the mesh at the top, bottom, and along both 
sides at regular intervals. As there is limited room for the 
mesh to migrate 6-8 sutures are generally all that is needed 
for adequate fixation. The mesh is then placed in the retrorec-
tus space and the sutures are passed transfascially through 
separate stab incisions using the Reverdin suture passer 
(Figs.  35.5  and  35.6 ). Once all of the sutures have been passed, 
they are tied down and a 15 Fr closed suction drain is placed 
on top of the mesh in order to prevent seroma formation. The 
anterior sheath is then closed with a running 0 PDS suture 

   Figure 35.4    Posterior sheath closure       
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   Figure 35.5    Mesh Placement in the retromuscular position. Snaps 
are on the preplaced sutures       

   Figure 35.6    The Reverdin Suture Passer is seen passing through 
the rectus muscle above the malleable retractor       
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using small, frequent bites (Fig.  35.7 ). The incision is then 
closed with staples on  interrupted nylon sutures and a dry 
sterile dressing is placed over the wound.
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    Abstract     In this chapter, the operative conduct of common 
hepatobiliary procedures will be described. It is important to 
recognize that the surgical management of many hepatobili-
ary disorders will require a combination of procedures; for 
example, surgical extirpation of hilar  cholangiocarcinoma 
with predominant left-sided involvement will require cho-
lecystectomy, extrahepatic bile duct resection, portal lymph-
adenectomy, left hemihepatectomy, and biliary-enteric 
reconstruction. Operations of the liver and bile ducts demand 
solid familiarity with hepatobiliary anatomy, which can vary 
greatly from patient to patient. Therefore, careful preopera-
tive study of individual patient imaging studies is of critical 
importance.  
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  Keywords     Liver resection   •   Hepatectomy   •   Cholecystectomy   
•   Hilar dissection   •   Portal vein   •   Hepatic artery   •   Hepatic 
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        Hepatobiliary 

    Hepatic Procedures 

    Incision 

 A generous right subcostal incision (dotted line) or vertical 
upper midline incision with right lateral extension (solid line) 
permits adequate exposure of the entire liver. Left lateral 
sectionectomy can be performed through a vertical upper 
midline incision without lateral extension (Fig.  36.1 ).

  Figure 36.1    Subcostal incision ( dotted line ) and vertical upper mid-
line incision ( solid line )       
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   For oncological resections, careful inspection and palpa-
tion of the liver and peritoneal surfaces is performed to iden-
tify occult metastases that may potentially alter operative 
conduct. In selected cases, diagnostic laparoscopy may be 
useful in this regard (Fig.  36.2 ).

       Exposure 

 The ligamentum teres is ligated and divided, and its proximal 
aspect can be used as a handle with which to elevate the left 
hemiliver (Fig.  36.3 ).

  Figure 36.2    The abdomen is carefully explored       
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   The falciform ligament is divided close to the liver from 
the ligamentum teres toward the confluence of the hepatic 
veins, and retractors are positioned to provide exposure of 
the liver (Fig.  36.4 ).

   Intraoperative hepatic ultrasonography is performed for 
evaluation of hepatic anatomy, tumor localization, and to 
exclude previously unidentified pathology (Fig.  36.5 ).

  Figure 36.3    The ligamentum teres is ligated and divided       
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  Figure 36.4    The falciform ligament is divided close to the liver from 
the ligamentum teres toward the confluence of the hepatic veins       

  Figure 36.5    Intraoperative hepatic ultrasonogrphy       
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        Right Hemihepatectomy (Segmentectomy V-VIII) 

   Exposure 

 The retroperitoneal attachments of the right hemiliver are 
incised, permitting elevation and medial rotation of the right 
hemiliver off the inferior vena cava and right adrenal gland. 
Here, the right triangular ligament is being incised (Fig.  36.6 ).

      Cholecystectomy 

 A cholecystectomy is performed (see section “ Open 
cholecystectomy ”).  

  Figure 36.6    The right triangular ligament being incised       
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   Inflow Control 

 The peritoneum overlying the porta hepatis is incised 
(Fig.  36.7 ).

   The right hepatic artery is identified, ligated, and divided 
(Figs.  36.8  and  36.9 ).

    Division of the right hepatic artery facilitates exposure of 
the right portal vein, which is ligated and divided (Figs.  36.10  
and  36.11 ).

  Figure 36.7    The peritoneum overlying the porta hepatis being 
incised       
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  Figure 36.8    The right hepatic artery is identified, ligated, and 
divided (view 1)       

  Figure 36.9    The right hepatic artery is identified, ligated, and 
divided (view 2)       
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  Figure 36.10    Division of the right hepatic artery       

  Figure 36.11    The right portal vein is ligated and divided       
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    Division of the right hepatic inflow results in ischemic 
demarcation of the right hemiliver. The line of planned 
parenchymal transection is marked with electrocautery 
(Fig.  36.12 ).

      Outflow Control 

 Multiple draining veins between the right hemiliver and infe-
rior vena cava are individually ligated and divided (Fig.  36.13 ).

   Dissection along the confluence of the hepatic veins per-
mits identification of the junction between the right and 
middle hepatic veins. The right hepatic vein is encircled and 
transected (Figs.  36.14 ,  36.15 , and  36.16 ).

  Figure 36.12    The line of planned parenchymal transection is 
marked with electrocautery       
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  Figure 36.13    Multiple draining veins between the right hemiliver 
and inferior vena cava are individually ligated and divided       

  Figure 36.14    The right hepatic vein is encircled       
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  Figure 36.15    The right hepatic vein is transected       

  Figure 36.16    The retrohepatic inferior vena cava is exposed       

         Parenchymal Transection 

 A Pringle maneuver may be performed by intermittently 
occluding the porta hepatis (Fig.  36.17 ).
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  Figure 36.17    Pringle maneuver       

   Stay sutures placed along either side of the planned 
parenchymal transaction plane permit elevation and separa-
tion of the right and left hemilivers, facilitating exposure 
(Fig.  36.18 ).

   Glisson’s capsule can be divided sharply; alternatively, 
parenchymal transaction can also be initiated using the har-
monic scalpel (Figs.  36.19 ,  36.20 , and  36.21 ).

     Crushing the hepatic parenchyma with a clamp permits 
visualization of biliary and vascular structures, which are 
individually ligated and divided (Figs.  36.22 ,  36.23 , and 
 36.24 ).

     Larger structures such as the middle hepatic vein may be 
divided with a stapler (Figs.  36.25  and  36.26 ).
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  Figure 36.19    Glisson’s capsule being divided sharply       

  Figure 36.18    Stay sutures facilitate exposure of right and left 
 hemilivers       
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  Figure 36.20    Parenchymal transaction initiated using the harmonic 
scalpel (view 1)       

  Figure 36.21    Parenchymal transaction initiated using the harmonic 
scalpel (view 2)       
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  Figure 36.22    Crushing the hepatic parenchyma with a clamp per-
mits visualization of biliary and vascular structures       

  Figure 36.23    Biliary and vascular structures are individually ligated 
and divided (view 1)       
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  Figure 36.24    Biliary and vascular structures are individually ligated 
and divided (view 2)       

  Figure 36.25    The middle hepatic vein divided with a stapler (view 1)       
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    The specimen is removed, the cut surface of the liver is 
inspected to insure hemostasis and absence of bile leakage, 
and the abdomen is closed.   

     Left Hemihepatectomy (Segmentectomy II, III, IV) 

   Exposure 

 The diaphragmatic attachments of the left hemiliver (the left 
triangular ligament) are divided, permitting medial rotation 
of the left lateral section of the liver (Fig.  36.27 ).

      Cholecystectomy (see section “ Open cholecystectomy ”) 

   Inflow Control 

 The peritoneum overlying the porta hepatis is incised 
(Fig.  36.28 ).

   The left hepatic artery is identified, ligated, and divided 
(Figs.  36.29  and  36.30 ).

  Figure 36.26    The middle hepatic vein divided with a stapler (view 2)       

 

A.J. Russ and C.S. Cho



595

  Figure 36.27    The diaphragmatic attachments of the left hemiliver 
are divided       

  Figure 36.28    The peritoneum overlying the porta hepatis is incised       
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    Division of the left hepatic artery facilitates exposure of 
the left portal vein, which is ligated and divided. If the cau-
date lobe (segment I) is to be preserved, care is taken to 
divided the left portal vein distal to the segment I branch 
(Figs.  36.31 ,  36.32 ,  36.33 , and  36.34 ).

      Division of the left hepatic inflow results in ischemic 
demarcation of the left hemiliver (Fig.  36.35 ).

      Outflow Control 

 Dissection along the confluence of the hepatic veins permits 
identification of the junction between the left and middle 
hepatic veins (Figs.  36.36  and  36.37 ).

    Division of the ligamentum venosum along the undersur-
face of the left lateral section of the liver facilitates exposure 
of the left hepatic vein (Fig.  36.38 ).

  Figure 36.29    The left hepatic artery is identified, ligated, and 
divided (view 1)       
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  Figure 36.30    The left hepatic artery is identified, ligated, and divided 
(view 2)       

  Figure 36.31    Division of the left hepatic artery facilitates exposure 
of the left portal vein       
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  Figure 36.32    The left portal vein is ligated and divided       

  Figure 36.33    To preserve the caudate lobe (segment I), the left 
portal vein is divided distal to the segment I branch       

 

 

A.J. Russ and C.S. Cho



599

  Figure 36.34    Divided left hepatic artery and left portal vein       

  Figure 36.35    Ischemic demarcation of the left hemiliver       
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  Figure 36.36    Dissection along the confluence of the hepatic veins 
permits identification of the junction between the left and middle 
hepatic veins (view 1)       

  Figure 36.37    Dissection along the confluence of the hepatic veins 
permits identification of the junction between the left and middle 
hepatic veins (view 2)       
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   The left hepatic vein is encircled and divided (Figs.  36.39 , 
 36.40 , and  36.41 ).

         Parenchymal Transection 

 A Pringle maneuver may be performed by intermittently 
occluding the porta hepatis (Fig.  36.42 ).

   Stay sutures placed along either side of the planned 
parenchymal transaction plane permit elevation and separa-
tion of the right and left hemilivers, facilitating exposure 
(Fig.  36.43 ).

   Glisson’s capsule can be divided sharply; alternatively, 
parenchymal transaction can also be initiated using the har-
monic scalpel (Figs.  36.44 ,  36.45 , and  36.46 ).

     Crushing the hepatic parenchyma with a clamp permits 
visualization of biliary and vascular structures, which are indi-
vidually ligated and divided (Figs.  36.47 ,  36.48 , and  36.49 ).

  Figure 36.38    Division of the ligamentum venosum along the under-
surface of the left lateral section of the liver       
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  Figure 36.39    The left hepatic vein is encircled and divided (view 1)       

  Figure 36.40    The left hepatic vein is encircled and divided (view 2)       
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  Figure 36.41    The left hepatic vein is encircled and divided (view 2)       

  Figure 36.42    Pringle maneuver performed by intermittently occlud-
ing the porta hepatis       
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  Figure 36.43    Stay sutures facilitate elevation, separation, and expo-
sure of the right and left hemilivers       

  Figure 36.44    Glisson’s capsule being divided sharply       
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  Figure 36.45    Parenchymal transaction of the Glisson’s capsule initi-
ated using the harmonic scalpel (view 1)       

  Figure 36.46    Parenchymal transaction of the Glisson’s capsule initi-
ated using the harmonic scalpel (view 2)       
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  Figure 36.47    Crushing the hepatic parenchyma with clamp to per-
mit visualization of biliary and vascular structures       

  Figure 36.48    Biliary and vascular structures are individually ligated 
and divided (view 1)       
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     Larger structures such as the middle hepatic vein may be 
divided with a stapler (Figs.  36.50  and  36.51 ).

  Figure 36.49    Biliary and vascular structures are individually ligated 
and divided (view 2)       

  Figure 36.50    The middle hepatic vein       
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    The specimen is removed, the cut surface of the liver is 
inspected to insure hemostasis and absence of bile leakage, 
and the abdomen is closed (Fig.  36.52 ).

  Figure 36.51    The middle hepatic vein is divided with a stapler       

  Figure 36.52    The cut surface of the liver is inspected       

 

 

A.J. Russ and C.S. Cho



609

       Left Lateral Sectionectomy (Segmentectomy II, III) 

   Exposure 

 The diaphgramatic attachments of the left hemiliver (the left 
triangular ligament) are divided, permitting medial rotation 
of the left lateral section of the liver (Fig.  36.53 ).

      Inflow Control 

 The ligamentum teres is elevated, and any hepatic 
 parenchyma overlying the umbilical fissure is divided 
(Fig.  36.54 ).

   The inflow vessels into segments II and III are ligated 
(Fig.  36.55 ).

   Division of the segment II/III inflow results in demarca-
tion of the left lateral section (Fig.  36.56 ).

  Figure 36.53    Diaphgramatic attachments of the left hemiliver       
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  Figure 36.54    The ligamentum teres is elevated       

  Figure 36.55    Inflow vessels into segments II and III are ligated       
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      Parenchymal Transection 

 A Pringle maneuver may be performed by intermittently 
occluding the porta hepatis (Fig.  36.57 ).

   Stay sutures placed along either side of the planned paren-
chymal transection plane permit separation and elevation of 
the left lateral section of the liver, facilitating exposure. 
Glisson’s capsule can be divided sharply; alternatively, paren-
chymal transaction can also be initiated using the harmonic 
scalpel (Fig.  36.58 ).

   Crushing the hepatic parenchyma permits visualization 
of biliary and vascular structures, which are ligated and 
divided. Larger structures including the left hepatic vein 
may be divided with a stapler (see sections “ Parenchymal 
transection ”, “ Right hemihepatectomy (segmentectomy 
V-VIII) ” or “ Left hemihepatectomy (segmentectomy II, III, 
IV) ”). 

  Figure 36.56    Ischemic demarcation of segments II and III       
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 The specimen is removed, and the cut surface of the liver 
is inspected to insure hemostasis and absence of bile leakage 
(Fig.  36.59 ).

         Biliary Procedures 

   Incision 

 A right subcostal incision (dotted line) permits adequate 
exposure of the liver hilus (Fig.  36.60 ).

        Open Cholecystectomy 

 The peritoneum overlying the fundus of the gallbladder is 
incised (Fig.  36.61 ).

  Figure 36.57    Pringle maneuver       
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  Figure 36.58    Stay sutures permit separation of the left lateral sec-
tion of the liver       

  Figure 36.59    After removal of specimen, liver is inspected       
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   The peritoneum enveloping the gallbladder is incised 
along both sides of the gallbladder (Fig.  36.62 ).

   The course of the cystic artery is shown here (Fig.  36.63 ).
   The gallbladder is dissected out of the gallbladder fossa 

(Figs.  36.64  and  36.65 ).
    The cystic artery is ligated and divided (Fig.  36.66 ).
   The cystic duct is ligated and divided (Figs.  36.67  and 

 36.68 ).

       Common Bile Duct Exploration 

 The common bile duct is exposed in the porta hepatis 
(Fig.  36.69 ).

   Stay sutures are placed on either side of the planned cho-
ledochotomy, and the common bile duct is opened (Fig.  36.70 ).

  Figure 36.60    Right subcostal incision ( dotted line )       
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   The common bile duct is explored, then closed over a 
T-tube (Fig.  36.71 ).

      Extrahepatic Bile Duct Resection 

 The peritoneum is incised to permit identification of the com-
mon bile duct (Fig.  36.72 ).

   The common bile duct is transected at the base of the 
porta hepatis (Figs.  36.73  and  36.74 ).

  Figure 36.61    Peritoneum overlying the fundus of the gallbladder is 
incised       
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    The transected bile duct is elevated in a cephalad direc-
tion and portal lymphadenectomy is performed by sweeping 
all nodal tissues off the hepatic artery and portal vein 
toward the hepatic hilus (Fig.  36.75 ) (see section “ Portal 
lymphadenectomy ”).

  Figure 36.62    Peritoneum enveloping the gallbladder is incised       
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  Figure 36.63    The course of the cystic artery       
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  Figure 36.64    The gallbladder dissected out of the gallbladder fossa 
(view 1)       

 

A.J. Russ and C.S. Cho



619

  Figure 36.65    The gallbladder dissected out of the gallbladder fossa 
(view 2)       
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  Figure 36.66    The cystic artery is ligated and divided       
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  Figure 36.67    The cystic duct is ligated and divided (view 1)       
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  Figure 36.68    The cystic duct is ligated and divided (view 2)       
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  Figure 36.69    The common bile duct is exposed in the porta hepatis       
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  Figure 36.70    Stay sutures are placed on either side of the planned 
choledochotomy       
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  Figure 36.71    The common bile duct is explored       
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   The hepatic duct draining the planned liver remnant is 
transected above the level of the tumor, and hepatic paren-
chymal transection is performed (see sections “ Right hemi-
hepatectomy (segmentectomy V-VIII) ” or “ Left 
hemihepatectomy (segmentectomy II, III, IV) ”).  

  Figure 36.72    The peritoneum is incised to permit identification of 
the common bile duct       
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  Figure 36.73    The common bile duct is transected at the base of the 
porta hepatis (view 1)       
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  Figure 36.74    The common bile duct is transected at the base of the 
porta hepatis (view 2)       
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    Portal Lymphadenectomy 

 The peritoneum is incised to permit identification of the com-
mon bile duct (Fig.  36.76 ).

  Figure 36.75    The transected bile duct is elevated in a cephalad 
direction       
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   Nodal tissue is swept off of the underlying porta hepatis 
structures from the duodenum to the hepatic hilus, with 
care taken to ligate all lymphovascular structures 
(Fig.  36.77 ).

      Biliary-Enteric Reconstruction 

 The cut hepatic duct is anastomosed to a small jejunotomy 
fashioned in a Roux limb, which is delivered toward the liver 
through the transverse colonic mesentery (Fig.  36.78 ).       

  Figure 36.76    The peritoneum is incised to permit identification of 
the common bile duct       
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  Figure 36.77    Nodal tissue is swept off the underlying porta hepatis 
structures from the duodenum to the hepatic hilus       

  Figure 36.78    The cut hepatic duct anastomosed to a small jejunot-
omy fashioned in a Roux limb       
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    Abstract     Minimally invasive techniques have been applied 
to hepatobiliary surgery more frequently as comfort with and 
understanding of hepatobiliary surgery has grown. The goal 
is to technically perform the case as if it is an open procedure 
while taking advantage of the benefits minimally invasive 
surgery can bring, including decreased post-operative pain, 
time of ileus, and length of stay, as well as improved cosme-
sis. Techniques for minimally invasive hepatobiliary surgery 
include pure laparoscopic, hand-assisted laparoscopic, the 
hybrid approach (operation is started laparoscopically for 
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mobilization of the liver and early dissection and followed by 
a small laparotomy for completion of the hepatic parenchy-
mal transection], and more recently robotic-assisted. The fol-
lowing chapter describes minimally invasive techniques used 
for common hepatobiliary procedures. The illustrations and 
pictures that follow are adapted from a combination of lapa-
roscopic, hand-assisted, and robotic-assisted cases, but note 
that regardless of the minimally invasive technology used, the 
approach and technique remain essentially the same.  

  Keywords     Liver resection   •   Minimally invasive hepatobi-
liary surgery   •   Robotic liver resection   •   Laparoscopic liver 
resection   •   Hybrid approach liver resection   •   Hand-assisted  

        Minimally Invasive Hepatobiliary Surgery 

 Minimally invasive techniques have been applied to hepato-
biliary surgery more frequently as comfort with and under-
standing of hepatobiliary surgery has grown. The goal is to 
technically perform the case as if it is an open procedure 
while taking advantage of the benefits minimally invasive 
surgery can bring, including decreased post-operative pain, 
time of ileus, and length of stay, as well as improved cosmesis 
[ 1 – 3 ]. Techniques for minimally invasive hepatobiliary sur-
gery include pure  laparoscopic ,  hand - assisted laparoscopic , 
the  hybrid approach  (operation is started laparoscopically for 
mobilization of the liver and early dissection and followed by 
a small laparotomy for completion of the hepatic parenchy-
mal transection], and more recently  robotic - assisted  [ 4 – 6 ]. 
The following chapter describes minimally invasive tech-
niques used for common hepatobiliary procedures. The illus-
trations and pictures that follow are adapted from a 
combination of laparoscopic, hand-assisted, and robotic- 
assisted cases, but note that regardless of the minimally inva-
sive technology used, the approach and technique remain 
essentially the same. 
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    Cholecystectomy 

 Carl Langenbuch was the first to describe open cholecystec-
tomy in 1882 [ 7 ]; approximately 100 years later in 1985, Eric 
Muhe performed the first laparoscopic cholecystectomy [ 7 ]. 
Many benefits to the laparoscopic approach were recognized 
with time – these included decreased postoperative pain as 
well as quicker recovery time and thus shorter hospital stays 
[ 8 – 10 ]. As a result, cholecystectomy has become one of the 
most commonly performed operations in the United States. 
As robotic-assisted surgery has emerged, surgeons interested 
in the technology are beginning to perform robotic-assisted 
cholecystectomy. Robotic-assisted cholecystectomy has 
served as a prototype procedure for surgeons who are first 
using robotic technology. 

    Step 1 

 Ports are placed.

a b

  Figure 37.1    ( a ) Port placement for laparoscopic cholecystectomy. 
( b ) Port placement for multiport, robotic-assisted cholecystectomy. 
An optional 5 mm assist port is used in the right lower quadrant if 
needed       
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       Step 2 

 Positioning and exposure. With the patient positioned in 
reverse Trendelenberg and with the right side up, the fundus 
of the gallbladder is grasped and retracted superolaterally. 
The infundibulum of the gallbladder is retracted inferolater-
ally. It is good practice at this point to identify the porta 
hepatis in proper position and without adjacent severe 
inflammation to ensure a safe gallbladder dissection. If 
severe inflammation is identified, alternate methods for cho-
lecystectomy (including open cholecystectomy) should be 
considered.  

    Step 3 

 Exposure of the critical view and ligation of cystic structures. 
Peritoneum overlying the gallbladder is dissected on the 
medial and lateral surfaces of the gallbladder to eventually 
expose the cystic structures. The cystic duct and artery are 
identified, and the tissue between the two is dissected to 
expose the base of the liver. The critical view – view of the 
cystic duct and cystic artery directly entering the gallbladder 
with the base of liver seen in between – is identified. 
Cholangiogram can be performed at this point either as a 
routine procedure or selectively based on surgeon prefer-
ence. Cystic duct and artery are then clipped and divided with 
scissors.
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  Figure 37.2    Illustration of laparoscopic cholecystectomy demon-
strating exposure of the critical view       

  Figure 37.3    Picture of multiport robotic cholecystectomy demon-
strating exposure of the critical view       

 

 

Chapter 37. Minimally Invasive Liver and Biliary



638

        Step 4 

 Completion of cholecystectomy. The gallbladder is dissected 
off of the gallbladder fossa using cautery. Hemostasis of the 
dissection bed is ensured, and clips are evaluated to make 
sure they have remained in place. The gallbladder is removed 
through a specimen bag. Fascia is closed.   

    Hepatic Resection 

 Langenbuch later described elective hepatectomy in 1888 
[ 11 ]; liver surgery has since evolved very significantly with 
experience as well as with the evolution of technology. 
Improved knowledge of liver anatomy [ 12 – 15 ], advances in 
both surgical technique and anesthesia care [ 16 – 21 ], use of 
intraoperative ultrasound [ 22 , 23 ], better preoperative imag-
ing quality, and the use of vascular stapling devices [ 24 ] as 
well as energy-induced hemostasis [ 25 – 27 ] have all contrib-
uted to improved outcomes after hepatectomy [ 28 – 30 ]. As a 
result, indications for hepatectomy have widened to include 
patients with certain benign diseases as well as select 
patients with abnormal liver function. As laparoscopic expe-
rience and technology have improved, interest in using 
minimally invasive techniques for liver surgery has grown 
with the intent to take advantage of the potential benefits as 
noted with laparoscopic cholecystectomy. Many groups 
have suggested less post-operative pain, earlier return of 
bowel function, decreased hospital length of stay, fewer 
post-operative complications, and improved cosmesis [ 1 – 3 ] 
with minimally invasive hepatectomy. Most recently, robotic 
technology has been used for liver resection with the first 
robot-assisted hepatectomy reported from Japan in 2004 
[ 31 ]. Multiple centers across the world have since started to 
apply robotic technology to the practice of minimally inva-
sive hepatectomy. Successful procedures have been reported, 
and outcomes have been comparable to the laparoscopic 
approach [ 32 ]. 
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    Right Hepatectomy 

   Step 1 

 The room is set up, ports are placed, the patient is positioned 
in reverse Trendelenberg position with the right side slightly 
up.

  Figure 37.4    ( a ) Room setup for laparoscopic hepatectomy. Patient 
is positioned in the center of the room. Anesthesia sits at the 
patient’s head. Surgeons and assistant stand at either side of the 
operating room (OR) table. The technician stands at the surgeon’s 
preferred side of the table. ( b ) Room setup for robotic assisted 
hepatectomy. Patient is positioned in the center of the room in split-
leg position. Anesthesia sits at the patient’s left shoulder. One sur-
geon and assistant stand at either side of the operating room (OR) 
table or between the legs. The robotic surgeon sits at the robotic 
console. The technician stands at the surgeon’s preferred side of the 
table. ( c ) Illustration of port placement for hand-assisted laparo-
scopic right hepatectomy. Note that for pure laparoscopic right 
hepatectomy, the hand-port can be switched for a 10–12 assist port. 
 MCL  mid clavicuar line. ( d ) Illustration of port placement for 
robotic-assisted right hepatectomy. Robotic ports for robotic instru-
ments are represented by the 8 mm ports         

a
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      Step 2 

 Laparoscopic dissection of ligamentous attachments of the 
liver. 

 First, the falciform ligament is dissected to the hepatic veins 
using cautery or a sealing device. Next, the right triangular and 
coronary ligaments are dissected to mobilize the right liver.

c d

b

Figure 37.4 (continued)
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a

b

c

  Figure 37.5    ( a ) Illustration of the falciform dissected. ( b ) The falci-
form is dissected. ( c ) Dissection is continued to the anterior surface 
of the hepatic veins       
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a

b

  Figure 37.6    ( a ) Illustration of the triangular and coronary liga-
ments dissected. ( b ) The right lobe liver is lifted anteriorly and medi-
ally to dissect the triangular ligament       
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       Step 3 

 Ultrasound the liver, map the lesion(s). 
 Intraoperative imaging should confirm location of the sus-

pected lesion(s) to ensure no other unexpected lesions are 
present anywhere else in the liver, to ensure that the pathol-
ogy suspected is resectable, and to confirm the appropriate 
resection plan as decided preoperatively (ie to confirm a 
right hepatectomy is appropriate instead of a wedge resec-
tion or trisegmentectomy).  

   Step 4 

 If robotic technology is to be used, the robot is docked now. 
Robotic instruments, including the robotic camera, are 
introduced.

  Figure 37.7    Robotic instruments are introduced       
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      Step 5 

 Short hepatic veins are dissected and ligated. With the liver 
retracted anteriorly, short hepatic veins (SHV) that return 
blood directly from the liver to the IVC are dissected, ligated, 
and divided.

a

  Figure 37.8    ( a ) Illustration of the liver retracted anteriorly, and 
short hepatic veins (SHV) are dissected and ligated. ( b ) The liver is 
retracted anteriorly, and short hepatic veins are dissected. ( c ) SHV 
ligated with clips. Shears are in the background to cut between clips       
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b

c

Figure 37.8 (continued)
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      Step 6. Inflow Dissection 

     (a)    Lower the hilar plate. 
 To accomplish this, cholecystectomy is initiated. Please 

refer to cholecystectomy portion of this chapter for 
details. After transecting the cystic duct and artery, tissue 
overlying the porta hepatis is dissected at the base of the 
liver and toward the right, exposing the right portal 
structures.

  Figure 37.9    Cystic artery and duct are clipped after the critical view 
is identified. They will be transected, and dissection will continue 
along the porta       
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a

b

c

  Figure 37.10    ( a – c ) Dissection of portal tissue at the base of the 
right liver leads to exposure of the right hepatic structures. The right 
hepatic artery is the first structure to be exposed as it is most antero-
lateral       

 

Chapter 37. Minimally Invasive Liver and Biliary



648

        (b)    Isolate, ligate, and divide the right hepatic artery 
 After exposing the right hepatic artery, the tissue sur-

rounding it is further dissected to completely isolate the 
vessel. This includes tissue posterior to it. It is then ligated 
with ties and divided. Alternatively, a stapling device can 
be used as space allows.

a

b

  Figure 37.11    ( a ) Illustration demonstrating ligation and division of 
the right hepatic artery. ( b ) Tissue behind the artery is dissected with 
dissector. ( c ) Right hepatic artery is ligated with clips and ties and 
divided       
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       (c)    Isolate, ligate, and divide the right portal vein. 
 The right portal vein (RPV) rests posterior to the right 

hepatic artery. It is exposed after transection of the 
RHA. After exposing the right portal vein (RPV), the tis-
sue surrounding it is further dissected to completely iso-
late the vessel. A branch to the caudate is typically seen 
running laterally, and this should be ligated and divided. 

 Once the right portal vein is completely isolated, a silk 
tie can be placed around it to retract and facilitate intro-
duction of a laparoscopic, roticulating stapler across it. 
The vessel is ligated and divided using the stapler.

c

Figure 37.11 (continued)
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a

b

c

  Figure 37.12    ( a ) Illustration of the right portal vein (RPV) isolated, 
ligated, and divided. ( b ) The RPV is identified posterior to the RHA 
after the RHA is transected. ( c ) Branch running laterally and to the 
caudate is identified, isolated, and eventually ligated and divided       
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  Figure 37.13    ( a ) RPV completely isolated with dissector across it 
posteriorly. ( b ) Tie around RPV helps retract and expose it opti-
mally for introduction of stapler around it. ( c ) Stapler around RPV. 
( d ) Stapled RPV         

a

b

c
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        (d)    Isolate, ligate, and divide the right hepatic duct. 
 Note that the duct can also alternatively be ligated 

intrahepatically if able to help avoid injury to the left 
ductal system. The right hepatic duct is routinely found as 
the medial-most structure. It is best exposed after tran-
section of the right hepatic artery and portal vein. After 
isolating the duct, it is tied distally, then cut proximally to 
allow visualization of bile draining from the proximal 
duct. This allows for defi nite identifi cation of the duct. 
The duct is then fully transected, and additional clips are 
placed on the distal duct to ensure it is sealed.

d

Figure 37.13 (continued)

  Figure 37.14    ( a ) Illustration of the right hepatic duct (RHD) iso-
lated. It is ligated distally and cut proximally to confirm bile from 
the proximal duct. Additional clips are then placed to the proximal 
and distal ends of the duct. ( b ). The RHD is exposed after transec-
tion of the right portal vein. ( c ) The RHD is fully dissected. ( d ). The 
RHD is ligated distally. ( e ) The proximal duct is cut to identify bile 
coming from it. ( f ) Additional clips are placed on the proximal and 
distal duct ends. ( g ) Cholecystectomy is completed. The gallbladder 
is dissected from the gallbladder fossa. It is placed in a laparoscopic 
bag and removed from the abdominal cavity           

 

M.S. Sabbaghian and A. Tsung



653

a

b

c
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d

e

f

Figure 37.14 (continued)
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          Outfl ow Dissection 

 The right hepatic vein can be isolated in an extrahepatic man-
ner, as depicted below, if the tumor rests near the inferior 
vena cava. Alternatively, the right hepatic vein can be isolated 
within the hepatic parenchyma during parenchymal dissec-
tion. For extrahepatic dissection:

    (a)    On the anterior surface of the liver, the right hepatic vein 
is dissected along its medial edge, creating a window to 
the undersurface of the liver.   

   (b)    While lifting the liver anteriorly, the right hepatic vein is 
dissected from the undersurface of the liver.   

   (c)    While along the undersurface of the liver, a bending 
grasper is placed anterior to the RHV and advanced 
through the window that has been created.   

   (d)    The liver is allowed to fall back into place, and the bend-
ing grasper is visualized from the anterior surface of the 
liver through the window created. A vessel loop is fed to 
the grasper, and the grasper gently pulls back through to 
the undersurface of the liver. The other end of the vessel 
loop is fed around the lateral border of the RHV from an 
anterior approach, as well. The lateral edge of the liver is 

g

Figure 37.14 (continued)

Chapter 37. Minimally Invasive Liver and Biliary



656

retracted anteriorly again, and both ends of the vessel 
loops should be around the RHV, thus having a defi ned 
isolation of this vein.   

   (e)    The vessel loop can then retract the vein gently, acting as a 
guide while a stapler is introduced. The vessel is ligated and 
transected with a vascular loaded roticulating stapler.    

  Figure 37.16    Along the undersurface of the liver, a bending grasper 
is placed anterior to the RHV. It is advanced through the window 
created       

  Figure 37.15    The right liver is lifted anteriorly, and the right hepatic 
vein is dissected from the liver’s undersurface       
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a

b

  Figure 37.17    ( a ) The liver is allowed to fall back into place, and the 
tips of the bending grasper can be seen across the anterior surface 
of the liver. A vessel loop is fed to this grasper. ( b ) The vessel loop 
is fully around the RHV as seen here from the undersurface of the 
liver. The vessel loop helps to guide the stapler across the vein       
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a

b

  Figure 37.18    ( a ) The RHV is stapled from the undersurface of the 
liver. ( b ) The RHV stapled and transected. Highlighted is the distal 
end of the RHV on the IVC       
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         Parenchymal Transection 

 Large caliber, figure of eight, stay stitches are placed on 
either side of the line of parenchymal transection, which 
should also be the “line of demarcation” that appears after 
inflow has been ligated. These stitches help retract the liver. 
The line of transection is defined using hook cautery. 
Ultrasound is repeated to ensure that the pathology is 
included within the resection specimen. The parenchyma is 
coagulated, and ducts/vessels are controlled with ties, clips, or 
staples, as appropriate. The specimen is placed in a specimen 
bag and removed from the abdominal cavity. Hemostasis is 
ensured at the resection bed, and the falciform ligament is 
tacked to the diaphragm.

  Figure 37.19    ( a ) Illustration of large, absorbable stitches placed on 
both sides of the transection line. ( b ) Large, absorbable stitches are 
placed on either side of the line of demarcation. ( c ) After complete 
parenchymal transection, specimen is placed in a specimen bag and 
retrieved from the abdominal cavity         

a
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c

b

Figure 37.19 (continued)
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          Left Hepatectomy 

    Step 1 

 The room is set up similar to right hepatectomy, ports are 
placed, the patient is positioned in reverse Trendelenberg 
position with the left side slightly up.

a b

  Figure 37.20    ( a ) Illustration of port placement for hand-assisted 
laparoscopic left hepatectomy. Note that for pure laparoscopic left 
hepatectomy, the hand-port can be switched for a 10–12 assist port. 
( b ) Port placement for robotic assisted left hepatectomy       
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       Step 2 

 Laparoscopic dissection of ligamentous attachments of the liver. 
 The round and falciform ligaments are divided to expose 

the anterior surface of the hepatic veins (Refer to pictures 
from Step 3 Right hepatectomy). The left triangular and coro-
nary ligaments are dissected with a cautery or sealing device 
up to the left hepatic vein. The left hepatic vein can be identi-
fied by following the left phrenic vein along the diaphragm to 
its junction with the left hepatic vein. Note that the left and 
middle hepatic veins join a common trunk before entering 
the inferior vena cava 95 % of the time.

  Figure 37.21    Dissection of the left triangular and coronary liga-
ments at the hepatic veins       
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       Step 3 

 Ultrasound the liver, map the lesion(s).  

    Step 4 

 If using robotic technology, the robot is docked now. Robotic 
instruments, including the robotic camera, are introduced 
into the abdominal cavity.  

    Step 5 

 The left liver is retracted anteriorly with a closed grasper, and 
the undersurface of the left liver is exposed. The gastrohepatic 
ligament is divided close to the left lateral segments and cau-
date lobe using cautery while a grasper is used to retract. If a 
replaced left hepatic artery is present, it is isolated and divided.

  Figure 37.22    The left liver is retracted anteriorly, and the gastrohe-
patic ligament is dissected open with cautery       
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       Step 6. Inflow Dissection 

     (a)    Lower the hilar plate 
 The left liver at the base of the falciform is retracted 

anteriorly using a closed grasper. Cautery is used to dis-
sect tissue overlying left portal structures at the base of 
the falciform. Assistance can be given via additional ports 
as necessary.

  Figure 37.23    The hilar plate is lowered at the base of the falciform 
ligament, and the left portal structures are exposed       
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       (b)    Isolate, ligate, and divide the left hepatic artery. 
 The left hepatic artery is identifi ed and dissected to 

completely isolate the vessel. This includes tissue poste-
rior to it. It is ligated and then transected. A stapling 
device can be used as space allows.

a

b

  Figure 37.24    ( a ) Identification of the left hepatic artery (LHA). ( b ) 
Ligation of the LHA       
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       (c)    Isolate, ligate, and divide left portal vein (LPV). 
 The LPV sits deep to the left hepatic artery. It is 

exposed after transection of the LHA. A grasper grasps 
the ligamentum teres to retract the liver anteriorly, and 
another grasper is used to retract portal tissue. The vein is 
fully exposed by dissecting tissue around it with a cautery 
device. Once the left portal vein is further defi ned, a silk 
tie or vessel loop is placed around it for this to be used to 
retract and expose the full length of the vein. It can then 
be ligated and divided using a vascular load, roticulating 
stapler. Alternatively, the vein can be controlled using a 
tie and suture ligature of non-absorbable material on the 
proximal vein and a tie or clip on the distal vein – it is 
then divided.

a

  Figure 37.25    ( a ) Retraction of tissue overlying the LPV. ( b ) Tissue 
surrounding the LPV is dissected with a cautery device. ( c ) The LPV 
is fully exposed. A dissector is seen around the posterior surface of 
the vein. ( d ) A vessel loop is placed around the LPV         

 

M.S. Sabbaghian and A. Tsung



667

d

b

c

Figure 37.25 (continued)
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  Figure 37.26    ( a ) Tie around the proximal LPV. ( b ) Suture ligation 
of the proximal LPV. ( c ) Clip to the distal LPV. ( d ) The LPV is 
divided with shears         

a

b

c
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        (d)    Isolate, ligate, and divide the left hepatic duct (LHD). 
 The LHD can be isolated and divided in an extra or 

intrahepatic manner depending on what is needed. After 
isolating the duct with dissection, the duct is tied and 
clipped distally and transected proximally, identifying 
bile from the proximal duct (as with right hepatectomy 
described previously in this chapter). The proximal end 
can be clipped to maintain a clean fi eld during the remain-
der of the case.

d

Figure 37.26 (continued)
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  Figure 37.27    ( a ) The LHD is identified and dissected. ( b ) The LHD 
is further dissected. ( c ) A tie and clip are placed around the distal 
LHD. ( d ) The proximal duct is cut with shears         

a

b

c
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           Step 7. Outflow Dissection 

 If isolating the left hepatic vein in an extrahepatic manner, 
outflow dissection is performed now. The left and middle 
hepatic veins join at a common trunk in 95 % of patients. This 
trunk is first dissected from the anterior surface of the liver. 
The left liver is then retracted anteriorly, and the left/middle 
hepatic vein trunk is further dissected. A vessel loop is placed 
around this vein to help direct a vascular load, roticulating 
stapler across the vein. The vessel loop is removed, and the 
vein is then ligated and divided with the stapling device. 
Alternatively, the left hepatic vein is isolated and ligated 
within hepatic parenchyma during the last parts of the paren-
chymal dissection.

d

Figure 37.27 (continued)
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a

b

c
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d

Figure 37.28 (continued)

  Figure 37.28    ( a ) The trunk of the left and middle hepatic veins is 
visualized anteriorly. A dissector is used to dissect the space between 
this vein and the IVC. ( b ) The trunk of the left and middle hepatic 
veins is visualized along the posterior surface of the liver (indicated 
by **). The posterior surface of the liver is retracted anteriorly, and 
the plane around the LHV/MHV trunk is developed further. ( c ) A 
dissector is demonstrated around the left/middle hepatic vein trunk, 
and a vessel loop is fed. ( d ) The vessel loop helps direct a vascular 
load roticulating stapler across the vein trunk         
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       Step 8. Parenchymal Transection 

 The line of transection is defined using hook cautery, follow-
ing the line of demarcation on the liver’s anterior surface. 
Ultrasound is repeated to ensure that the pathology is 
included within the resection specimen. Heavy figure of eight 
stitches are placed on either side of the line of transection, 
and these are retracted to either side (as in right hepatec-
tomy). The parenchyma is then coagulated and divided using 
cautery and/or a sealing device and placing clips when 
needed. Note that if the caudate lobe is to be resected during 
left hepatectomy, additional dissection of portal and systemic 
venous tributaries should be performed. In this demonstra-
tion, the caudate lobe remains  in situ . The specimen is 
 collected in a bag, and hemostasis is ensured. The falciform 
ligament does not need to be tacked to the diaphragm.
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a

b

  Figure 37.29    ( a ,  b ) If the left hepatic vein is isolated intrahepati-
cally, a vascular load stapler that can crush tissue well is used to 
ligate and divide the LHV at the end of the parenchymal dissection       

 

Chapter 37. Minimally Invasive Liver and Biliary



676

        Left Lateral Segmentectomy 

 Patient positioning and port placement is the same as left 
hepatectomy. When ready for parenchymal transection, the 
line of transection is defined to the left of the falciform liga-
ment to include only the pedicles of segments II and III 
(transecting to the right of the falciform disrupts the pedicles 
for segments IVa and IVb). Ultrasound is repeated. With 
appropriate retraction, the parenchyma is then coagulated 
and divided using a sealing device. The pedicles to segments 
III and II are ligated with the sealing device, ties, or a stapling 
device as appropriate. A roticulating, vascular load stapler is 
used via the 12 mm port to control the left hepatic vein as it 
is encountered intrahepatically. Specimen is removed from 
the abdominal cavity, hemostasis is ensured.

a

  Figure 37.30    ( a ) Control of hepatic parenchyma and pedicles of 
segments III and II with sealing device. Hand is used to retract the 
liver laterally. ( b ) LHV is controlled intrahepatically with a stapling 
device       
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       Wedge Hepatectomy 

 Optimal port placement varies dependent on where the lesion 
is. Ligamentous attachments are taken down as necessary. 
Laparoscopic ultrasound is performed prior to resecting the 
lesion to ensure that the specimen can be removed in its 
entirety by wedge resection. If using a robotic system, the 
robot is docked, and instruments are placed in the abdominal 
cavity. The circumference of resection is defined with hook 
cautery according to what is appropriate by surgical or onco-
logic guidelines. Ultrasound can be used to guide this. A heavy, 
absorbable figure of eight stitch is placed along the line of 
transection, and this is retracted to allow for exposure. The 
parenchyma is coagulated and divided, placing clips when 
appropriate, delivering the lesion out of the liver bed. The 
specimen is placed in a laparoscopic specimen bag, hemostasis 
is ensured, and the specimen is removed. The robot is 
undocked. Laparoscopic equipment is used to close fascia and 
remove ports under direct visualization. Skin is closed.

b

Figure 37.30 (continued)
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  Figure 37.31    Laparoscopic ultrasound is performed       

  Figure 37.32    Robotic is docked, and robotic instruments are intro-
duced       
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a

b

  Figure 37.33    ( a ) Cautery is used to define the line of parenchymal 
dissection. ( b ) Ultrasound can be helpful to draw this line, ensuring 
that the whole of the lesion is included       
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a

b

  Figure 37.34    ( a ) Figure of eight stitch is placed along the line of 
transection. ( b ) Stitch placed is used to aide in retraction during dis-
section       
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           Portal Lymphadenectomy 

 Portal lymphadenectomy is usually performed as part of 
treatment for gallbladder cancer or for cholangiocarcinoma. 

    Step 1. 

Ports Are Placed 

  Figure 37.35    Parenchyma is dissected       
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  Figure 37.36    Port placement for robotic assisted portal lymphade-
nectomy. For laparoscopic approach, please refer to port illustration 
for right hepatectomy       
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        Step 2 

 Identification of porta hepatis, Kocher maneuver, exposure 
posterolateral porta hepatis. 

 The porta is identified after the gallbladder is grasped and 
retracted anterolaterally. Kocher maneuver is performed to 
expose the posterolateral portion of the porta hepatis. With 
the porta hepatis rotated/retracted anteromedially, the retro-
portal space is exposed. Care should be taken to identify and 
prevent injury to the inferior vena cava, which runs just pos-
terior to the porta.

  Figure 37.37    Identification of the porta hepatis       
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a

b

  Figure 37.38    ( a ) Exposure of the posterolateral portion of the 
porta hepatis. The IVC rests behind the porta and injury should be 
avoided. ( b ) Tissue between the porta and IVC is further dissected       
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        Step 3 

 Portal lymphatic tissue is dissected. 
 After releasing the porta to its natural position and start-

ing at the anterior surface of the porta hepatis, the adventitial 
and nodal tissue is dissected using cautery or a sealing device. 
Tissue on the anterior, posterior (portocaval nodes), and lat-
eral surfaces of the porta should be taken. The right gastric 
artery is ligated to aid in this dissection. Consideration of the 
portal anatomy is taken. Aberrant anatomy should be 
 recognized preoperatively (such as a replaced or accessory 
right or left hepatic artery) based on imaging; however, a 
surgeon should be on the lookout for aberrant anatomy even 
if it is not suspected preoperatively.

  Figure 37.39    Anatomy of porta hepatis       
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        Extrahepatic Bile Duct Resection 

 Cases of minimally invasive extrahepatic bile duct surgery 
have been reported – these cases have been reported as 
solely bile duct cases or in the setting of cases involving the 
liver, gallbladder, or pancreas [ 33 – 42 ]. 

    Step 1 

 Positioning and port placement is similar to that for portal 
lymphadenectomy.  

    Step 2 

 Identification of porta hepatis, Kocher maneuver, exposure 
posterolateral porta hepatis. This is performed as with portal 
lymphadenectomy. Tissue overlying the porta hepatis is dis-
sected using cautery or a sealing device. If the gallbladder 
remains in situ, the cystic duct can be dissected, ligated, and 
divided just at its entry to the common bile duct. Portal 
anatomy is exposed with dissection.

  Figure 37.40    Cystic duct entering the lateral wall of the common 
bile duct       
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        Step 3 

 Dissection of the common bile duct. 
 The common bile duct is dissected up to its bifurcation at 

the base of the liver using cautery or a sealing device. Note 
that, as the most posterior structure of the porta hepatis, the 
portal vein can be seen behind the common bile duct as the 
common bile duct is dissected. A vessel loop can be placed 
around the fully dissected common bile duct for exposure 
before transection.

  Figure 37.41    Exposure of distal portal anatomy.  GDA  gastroduode-
nal artery       
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a

b

  Figure 37.42    ( a ) Dissection of tissue between the common bile duct 
and proper hepatic artery exposes the portal vein posteriorly. ( b ) 
Vessel loop around the common bile duct       
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       Step 4 

 Roux en Y hepaticojejunostomy. 
 Roux en Y hepaticojejunostomy with the common hepatic 

duct is created using either a running or interrupted absorb-
able stitch.

  Figure 37.43    Creation of hepaticojejunostomy       
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        Hepatic Cyst Unroofing 

 Ports are placed based on location of the cyst(s) to be treated. 
Adhesions to the cyst are dissected free, if present. The cyst is 
intentionally ruptured in a controlled manner with a suction 
catheter used to suction the fluid.

   The cyst is then unroofed using either a sealing device or a 
stapler. Cautery can be used, but care must be taken to detect 
small bile ducts potentially tracking through a thin layer of 
liver that may overly the wall of the cyst. The excised cyst wall 
is sent for pathologic evaluation – a cystadenoma warrants 
complete cyst resection of the cyst and adjacent liver because 
of its malignant potential.

  Figure 37.44    Controlled aspiration of the cyst. Fluid is suctioned 
after creation of a defect in the cyst wall       
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a

b

  Figure 37.45    ( a ) Collapsed cyst wall is unroofed. ( b ) The inside of 
the remaining cyst wall is inspected for bleeding or bile leak       
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    Abstract     Pancreaticoduodenectomy is the treatment of 
choice of pancreas head lesions, and can be performed as a 
pylorus-sparing or standard (pylorus resecting) operation. This 
complex operation is fraught with a high rate of complications, 
and mortality increases in lower-volume hospitals and is best 
performed by an experienced team.  

  Keywords     Pancreas resection   •   Pancreas cancer     

     Indications 

 Carcinoma of the exocrine pancreas affects nearly 38,000 peo-
ple in the United States each year and results in 35,000 deaths 
annually, making it the fifth leading cause of cancer- related 
death in this country each year [ 1 ]. Ductal adenocarcinoma and 
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its variants account for 80–90 % of all pancreatic neoplasms 
and for an even greater fraction of malignant pancreatic 
lesions. The remaining 10–20 % of pancreatic neoplasms 
include other tumors of the exocrine pancreas (e.g., serous 
cystadenomas, mucinous cystadenomas), acinar cell cancers, 
and pancreatic neuroendocrine tumors (e.g., insulinomas, 
gastrinomas). As tumors of the head, neck, and uncinate pro-
cess of the pancreas account for about 70 % of pancreatic 
tumors, pancreaticoduodenectomy (PD), with or without 
preservation of the pylorus and proximal duodenum, remains 
the recommended treatment for patients with periampullary 
adenocarcinomas arising in the head of the pancreas, the 
ampulla, the distal common bile duct, or the duodenum. 
Recently, indications for PD have been extended to include 
intraductal papillary mucinous neoplasms arising in the head 
of the pancreas [ 2 ,  3 ] and periampullary tumors invading the 
mesenteric-portal vein [ 4 ,  5 ]. Nevertheless, PD continues to 
be an extensive operation with a postoperative mortality rate 
of less than 5 % but a high morbidity rate of close to 40 %, 
even in recent series [ 6 ,  7 ].  

    Perioperative Care 

    Preoperative Preparation 

 Preoperative cardiac clearance should be performed in all 
patients with a history of uncontrolled hypertension, coronary 
artery disease, previous coronary artery bypass grafting, or an 
abnormal preoperative electrocardiogram. Every attempt at 
normalizing electrolyte levels and renal function, as shown by 
creatinine and blood urea nitrogen, in the preoperative setting 
should be made. A Foley urinary catheter and nasogastric tube 
should be inserted to closely monitor fluid status. Administration 
of preoperative antibiotic prophylaxis is appropriate, as icteric 
patients and those patients receiving preoperative biliary 
drainage procedures have been shown to have higher rates of 
bacterial contamination of the bile and a higher rate of postop-
erative infectious complications following PD [ 8 ].  
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    Positioning and Anesthesia 

 The patient is placed supine on a standard operating table. 
General anesthesia with endotracheal intubation is utilized.   

    Description of the Procedure 

    Pancreaticoduodenectomy (Whipple Procedure) 

 PD with hemigastrectomy (standard PD) has long been the 
standard approach to malignant neoplasms arising in the 
periampullary region. The operative procedure may be per-
formed through either a bilateral subcostal or an upper 
abdominal midline incision. While the upper midline incision 
extending inferiorly below the umbilicus is useful, more 
extensive and free visualization of the upper abdomen may 
be afforded by the oblique or curved incision paralleling the 
costal margins. Regardless of the incision used, care must be 
taken to maintain meticulous hemostasis by carefully clamp-
ing and tying all bleeding points, especially in the jaundiced 
patient. After making the skin incision, the rectus muscles are 
slowly transected with bipolar electrocautery Fig.  38.1 . Once 
the abdomen is entered, curved clamps may be utilized to 
assist ligation and division of the round ligament. Division of 
the falciform ligament superior to the dome of the liver may 
assist with further hepatic mobility.

   Before irreversible steps are taken, a thorough exploration 
of the abdomen must be carried out to determine the location 
and extent of the pathologic process and to detect any evi-
dence of tumor spread outside the limits of resection. The 
liver and all serosal surfaces should be carefully examined for 
metastatic spread or peritoneal dissemination. In addition, 
metastatic spread to the periportal and celiac axis lymph 
nodes, the root of the transverse mesocolon, the region above 
the pancreas, and the hepatoduodenal ligament should be 
sought by careful examination. The discovery of involved 
peripancreatic lymph nodes, even along the cephalad border 
of the pancreas near the portal vein, does not preclude resec-
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tion, although it worsens prognosis [ 9 ]. Ultrasound may be 
helpful in ruling out metastatic spread to the liver. 

 Once disseminated disease has been ruled out, the surgeon 
proceeds with mobilization of the duodenum and head of the 
pancreas by the Kocher maneuver. Dissection of the lateral 
peritoneal attachments of the duodenum, which facilitates 
inspection of the duodenum, head of the pancreas, and peri-
ampullary tumor is usually bloodless; an avascular cleavage 
plane can be easily developed as the posterior wall of the 
pancreas is bluntly separated from the underlying vena cava 
and right kidney. Extensive kocherization should be 
 performed to allow the surgeon to be comfortable that there 
is no extension of tumor beyond the uncinate process. Special 
care should be taken to identify and preserve the right 

  Figure 38.1    Initial dissection for pancreaticoduodenectomy. A cur-
vilinear, subcostal incision is first carried out over the right upper 
quadrant and is subsequently extended across the midline as far as 
is necessary for adequate surgical exposure. Excessive care must be 
taken to maintain meticulous hemostasis, especially in the jaundiced 
patient. After making the skin incision, the rectus muscles are care-
fully transected with bipolar electrocautery (shown above)       
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gonadal vein, which often runs parallel to the inferior vena 
cava at this point in the retroperitoneal dissection Fig.  38.2 . 
Further mobilization of the second and third portion of the 
duodenum is carried out to adequately determine resectabil-
ity of the lesion.

   Before concluding that the lesion is resectable, the lesser 
sac must be entered to facilitate visualization and mobiliza-
tion of the pancreas. The greater omentum is retracted 
upward and the gastrocolic ligament is incised all the way to 
the splenic flexure, allowing entry into the lesser sac. The 
right gastroepiploic artery and vein are identified and a 
 thorough evaluation of potential metastases above the pan-
creas and adjacent to the celiac axis lymph nodes should be 
performed. The middle colic vein with its origin at the supe-

  Figure 38.2    Relationship of retroperitoneal structures encountered 
in the early stages of pancreaticoduodenectomy (Picture taken from 
patients left side). Once disseminated disease has been ruled out, 
the surgeon may proceed with mobilization of the duodenum and 
head of the pancreas by the Kocher maneuver. With adequate duo-
denal mobilization, the surgeon should identify and preserve the 
right gonadal vein, which arises from and often runs parallel to the 
inferior vena cava at this point in the retroperitoneal dissection       
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rior mesenteric vein should be identified and confirmed to be 
free of tumor involvement. The peritoneal attachments at the 
inferior border of the pancreas are incised and a cleavage 
plane over the superior mesenteric vein and behind the pan-
creas (the so-called “tunnel of love”) is developed Fig.  38.3 . 
Development of the subpancreatic tunnel will permit the 
surgeon to continue dissecting behind the pancreas and over 
the portal vein, to be certain it is not involved with tumor.

   After the tumor is deemed resectable, irreversible steps 
can be taken. The gallbladder should be removed to prevent 
late complications from gallstone formation. Using electro-
cautery, the gallbladder is carefully dissected from the hepatic 
fossa. Meticulous hemostasis, especially in the jaundiced 

  Figure 38.3    Development of the subpancreatic tunnel. The perito-
neal attachments at the inferior border of the pancreas are incised 
and a cleavage plane over the superior mesenteric vein and behind 
the pancreas (the so-called “tunnel of love”) is developed. 
Development of the subpancreatic tunnel allows the surgeon to dis-
sect posterior to the pancreatic neck and separate the tissues from 
the underlying portal vein. It is vital that the portal vein be identi-
fied at this portion of the case to be certain it is not involved with 
tumor. Note the clamp is behind the pancreas, over the SMV/PV       
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patient, should be maintained within the liver bed. The cystic 
artery is identified, doubly clipped, and transected. Dissection 
should continue to the common bile duct where it is encircled 
with a vessel loop for subsequent transection (Fig.  38.4 ). The 
surgeon then proceeds to ligate the blood supply necessary 
for antrectomy. The right gastric artery is identified, ligated 
with 2-0 silk sutures, and subsequently transected. Next, the 
gastroduodenal artery (GDA), passing inferiorly from the 
hepatic artery at the point where the portal vein passes pos-
terior to the pancreas, should be suture ligated with 4-0 
Prolene sutures. Just before ligating and dividing the GDA, 
the vessel should be occluded with a vessel loop or bulldog 
clamp to ensure adequacy of the hepatic artery pulse. At this 
point, important anatomic anomalies such as a replaced right 

  Figure 38.4    Identification and division of the common bile duct. 
The gallbladder should be removed to prevent late complications 
from gallstone formation. Using electrocautery, the gallbladder is 
carefully dissected from the hepatic fossa. Meticulous hemostasis, 
especially in the jaundiced patient, should be maintained within the 
liver bed. The cystic artery is identified, doubly clipped, and tran-
sected. Dissection should continue down the common bile duct, 
transecting it above the cystic duct       
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hepatic artery originating from the superior mesenteric 
artery (SMA) or a replaced common hepatic artery off the 
SMA, should be evaluated by palpating for an arterial pulse 
behind the common bile duct through the foramen of 
Winslow. Following this, the right gastroepiploic vessels are 
ligated and tied.

   The removal of the antrum greatly assists in the subse-
quent exposure of the more difficult portion of the resection. 
After an area is cleared on both the greater and lesser curva-
ture of the stomach, an antrectomy is performed using a GIA 
stapler. Once the stomach is transected, the remainder of the 
resection is carried out. The common hepatic duct is sharply 
transected just above the cystic duct. This not only allows the 
surgeon to perform a hepaticojejunostomy during the 
 reconstructive phase of the procedure but also allows him or 
her to adequately visualize the portal vein. Attention is now 
directed toward mobilization of the upper jejunum. The 
transverse colon is flipped superiorly, allowing for adequate 
visualization of the jejunum and its mesentery. The upper 
jejunum may be grasped with Babcock forceps and the bowel 
held up in order to adequately visualize the vascular arcades 
supplying the jejunum. The ligament of Treitz, in its avascular 
plane, is taken down with cautery Fig.  38.5 . Utilizing incisions 
made in the avascular portions of the mesentery, the jejunum 
is divided with a GIA stapler. The jejunal arcades are divided 
and ligated to facilitate mobilization of the upper jejunum. A 
small opening is made in the mesocolon underneath the SMV 
and the mobilized upper jejunum is passed through the retro-
colic window.

   At this point, the only structure holding the specimen 
within the abdomen should be the pancreatic neck, which is 
now carefully divided. A surgical clamp may be carefully 
passed through the subpancreatic tunnel to protect the 
underlying portal vein and SMV while transecting the pan-
creas. Silk stay sutures are placed at the medial and lateral 
borders of the inferior and superior pancreas. Using a sharp 
scalpel, the pancreatic neck is divided Fig.  38.6 . Sizable ves-
sels may be encountered just above the pancreatic duct and 
care must be taken to ensure meticulous hemostasis. 
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Alternatively, if the pancreatic duct has been occluded by 
tumor and the gland is fibrotic, this division may be relatively 
bloodless. Should excessive bleeding be encountered, suture 
ligation with a 3-0 Vicryl suture is usually adequate to gain 
control of the offending blood vessel. The SMV and portal 
veins are then bluntly dissected off the uncinate process 
Fig.  38.7 . Often, the superior pancreaticoduodenal vein, 
draining into the portal vein, and the first jejunal vein branch 
are encountered and must be doubly ligated and divided in 
order to remove the surgical specimen. The specimen, con-
sisting of the gastric antrum, duodenum, proximal jejunum, 
gallbladder and distal biliary tree, and pancreatic head are 
then passed from the surgical field.

    Attention is now turned to reconstructing gastrointestinal 
continuity. The jejunum, which has been passed into the lesser 

  Figure 38.5    Mobilization of the upper jejunum. With the transverse 
colon flipped superiorly, the jejunum and its mesentery is clearly 
 visualized. Utilizing incisions made in the avascular portions of the 
mesentery, the jejunum is divided with a GIA stapler. The jejunal 
arcades are divided and doubly ligated to facilitate mobilization of the 
upper jejunum. A small opening is made in the retrocolic mesocolon 
and the mobilized upper jejunum is passed through the window       
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sac through a retrocolic window, is allowed to lay in its usual 
fashion. The jejunal limb must be inspected to ensure ade-
quate perfusion and the appropriate anastomotic sites for 
hepaticojejunostomy and pancreaticojejunostomy are identi-
fied. We typically perform the hepaticojejunostomy first, 
beginning with making a small enterotomy at least 5 cm distal 
to the proposed pancreaticojejunostomy site. The hepatic 
duct anastomosis is then carried out utilizing a single layer of 
4-0 synthetic absorbable suture material placed in 
 full- thickness fashion Fig.  38.8 . Finally, the hepaticojejunos-
tomy is inspected for leakage of biliary contents.

   While the pancreaticojejunostomy may be performed in a 
variety of ways, all of which may be quite effective at reduc-
ing the incidence of pancreatic leaks, we prefer to invaginate 
the pancreatic remnant into the side of the jejunum using an 

  Figure 38.6    Dividing the pancreas. A surgical clamp is carefully 
passed through the subpancreatic tunnel to protect the underlying 
portal vein and SMV while transecting the pancreas. Silk stay 
sutures are placed at the medial and lateral borders of the inferior 
and superior pancreas. Using a sharp scalpel, the pancreatic neck is 
divided. Sizable vessels may be encountered just above the pancre-
atic duct and care must be taken to ensure meticulous hemostasis       
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outer layer and a duct-to-mucosa anastomosis of the pancre-
atic duct Fig.  38.9 . This can be performed in many ways; the 
attached photographs document one technique for this anas-
tomosis. Typically, we place a 10-French flat Jackson Pratt 
suction drain deep to the pancreatic and biliary anastomoses 
to monitor for a pancreatic or biliary leak. The jejunum, at the 
point in which it traverses the transverse mesocolon (retro-
colic), may be secured to the mesocolon with 3-0 Vicryl 
suture to prevent undue traction on the above anastomoses.

   Lastly, attention is turned to the final anastomosis consisting 
of an end-to-side gastrojejunostomy Fig.  38.10 . To begin, the 
antecolic gastrojejunostomy is performed with an outer inter-
rupted layer of 3-0 PDS placed in Lembert fashion. Once the 
outer posterior row of sutures has been placed and secured, a 
portion of the gastric staple line is excised and an appropriately-
sized gastrotomy is made. The inner layer on the posterior row 
is a continuous suture of 3-0 synthetic absorbable suture mate-
rial, which is subsequently continued onto the anterior row. The 
gastrojejunostomy is completed with an outer layer of inter-

  Figure 38.7    Anatomic relationships following pancreaticoduode-
nectomy. Following transection of the pancreatic neck, the vascular 
structures deep to the proximal pancreas are evident       
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rupted 3-0 silk sutures at the anterior margin of the anastomo-
sis. The surgeon should assess for patency and perfusion of the 
anastomosis at this point in the procedure.

   Finally, the abdomen is irrigated and thoroughly inspected 
for hemostasis. The nasogastric tube should be flushed and 
secured in the appropriate position. The fascia is closed with 
a running #1 PDS suture in two layers. After irrigating the 
wound, the skin should be closed with surgical staples and 
the wound covered with a sterile surgical dressing.   

    Pylorus-Preserving Pancreaticoduodenectomy 

 The pylorus-preserving modification of the standard Whipple 
procedure has become the standard of care at many institu-
tions. The procedure is nearly identical to PD with hemigas-

  Figure 38.8    Completing the hepaticojejunostomy. When restoring 
gastrointestinal continuity, we typically perform the hepaticojejunos-
tomy first, beginning with making a small enterotomy at least 5 cm 
distal to the proposed pancreaticojejunostomy site. The hepatic duct 
anastomosis is completed utilizing a single layer of 4-0 synthetic 
absorbable suture material placed in full-thickness fashion. Finally, 
the hepaticojejunostomy is inspected leakage of biliary  contents       
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trectomy; however, in this variation the antrum and pylorus are 
spared. To do this, the right gastric artery is spared. Rather than 
performing an antrectomy, the duodenum is transected 2–3 cm 
distal to the pylorus and is later anastomosed to the jejunal 
limb. Most often, the pylorus-preserving PD procedure is cho-
sen for patients with benign disease (commonly chronic pan-
creatitis of the pancreatic head and/or neck) and is thought to 
portend a better long-term nutritional outcome, although 
prospective randomized trials have shown no difference in 
outcomes between standard and pylorus-preserving PD.  

  Figure 38.9    Performing the pancreaticojejunostomy. We prefer to 
invaginate the pancreatic remnant into the side of the jejunum. The 
duct-to-mucosa anastomosis is begun by placing an outer inter-
rupted layer of horizontal mattress 3-0 Vicryl sutures through the 
posterior surface of the pancreas and then through the jejunum. A 
jejunotomy of the same size and adjacent to the pancreatic duct is 
then made. Then, to achieve the duct-to-mucosa anastomosis, inter-
rupted 5-0 synthetic absorbable suture material is used as a poste-
rior row of sutures passing from inside out on the pancreatic duct 
and outside in on the jejunal mucosa are placed. Once the posterior 
sutures are placed and secured, the anterior row of duct-to-mucosa 
sutures is placed. The outer anterior layer is then completed an using 
the preplaced 3-0 Vicryl horizontal mattress sutures, thus invaginat-
ing the pancreatic remnant and completing the anastomosis       
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    Special Postoperative Considerations 

 Recent data have demonstrated rates of mortality of the 
order of 2–4 % for PD in the hands of experienced surgeons; 
unfortunately, postoperative morbidity continues to be much 
more significant [ 6 ,  7 ]. Delayed gastric emptying (DGE), 
anastomotic breakdown, marginal ulceration, intraabdominal 
abscess or infection, pancreatitis, and pancreatic leaks remain 
the common complications after PD. Accounting for the 
highest proportion of morbidity (15–40 %), delayed gastric 
emptying, while unpredictable, is thought to be related to the 
loss of motilin-secreting cells found throughout the duodenal 

  Figure 38.10    Antecolic gastrojejunostomy. The end-to-side gastro-
jejunostomy is performed with an outer interrupted layer of 3-0 
PDS placed in a Lembert fashion. Once the outer posterior row of 
sutures has been placed and secured, a portion of the gastric staple 
line is excised and an appropriately-sized gastrotomy is made. The 
inner layer on the posterior row is a continuous suture of 3-0 syn-
thetic absorbable suture material, which is subsequently continued 
onto the anterior row. The gastrojejunostomy is completed with an 
outer layer of interrupted 3-0 silk sutures at the anterior margin of 
the anastomosis       
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mucosa. Anecdotal evidence supporting this theory is found 
in the favorable response rates seen in patients placed on 
erythromycin, an antibiotic with a similar structure to motilin. 
Though controversial, a recent metaanalysis suggests there is 
no difference in DGE for pylorus-preserving PD and classic 
pancreaticoduodenectomy [ 9 ]. Leakage from the pancreatic 
anastomosis is thought to occur in 15–20 % of patients. 
External drainage of these fistulas will usually facilitate reso-
lution of symptoms within several weeks.     
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    Abstract     This chapter covers the surgical technique for distal 
pancreas including both open and laparoscopic approaches.  

  Keywords     Distal pancreatectomy   •   left pancreatectomy  

        Indications 

 Distal pancreatectomy is the surgical procedure indicated 
for any pathology in the body or tail of the pancreas, as 
defined by being left of the portal vein. Disease processes 
include benign and malignant neoplasms, both primary and 
metastatic to the pancreas [ 1 ], pancreatic cysts [ 2 ], pseudo-
cysts, or strictures from pancreatitis that have not spontane-
ously resolved [ 3 ] and benign inflammatory conditions. 
Patients sustaining a traumatic injury to the body or tail of 
the pancreas with suspicion or direct evidence of pancreatic 
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duct disruption also should undergo a distal pancreatec-
tomy [ 4 ]. 

 Unlike diseases of the head or neck of the pancreas, dis-
eases in the body or tail of the pancreas do not generally lead 
to jaundice, as they do not cause biliary obstruction. Symptoms 
usually include vague abdominal pain, weight loss, nausea, 
and early satiety. Rarely patients with neuroendocrine tumors 
may have symptoms such as dizziness, headaches, and palpi-
tations as a result of hormonal activity.  

    Preoperative Preparation: Imaging Studies 

 Lesions requiring a distal pancreatectomy are usually found 
on computed tomographic (CT) imaging during the diagnos-
tic process. Ultimately, a 3-phase fine-cut helical CT scan 
should be performed, especially in the case of suspected 
malignancy. Cystic [ 5 ] and solid lesions alike are amenable to 
biopsy during an endoscopic ultrasound, which can be per-
formed both for tissue diagnosis as well as evaluation of 
locally advanced disease in the case of malignant tumors. In 
the case of pancreas adenocarcinoma, it is important to deter-
mine the extent of the disease, as patients with evidence of 
advanced regional disease or metastatic disease are not can-
didates for surgical resection. We recommend a bowel prepa-
ration, as a portion of the transverse colon may, on occasion, 
need to be resected.  

    Positioning and Anesthesia 

 Patients undergoing a distal pancreatectomy are most com-
monly placed in a supine position with their arms extended. 
General anesthesia is required. At the end of a laparoscopic 
distal pancreatectomy, local anesthesia is injected around the 
port sites for pain control in the initial postoperative period. 
The abdomen is prepped and draped from the nipples to the 
pubic symphysis.  
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    Description of Procedure 

 The surgical technique for benign or premalignant pancreatic 
disease differs from that for malignant disease. For benign 
disease of the pancreatic body and tail, the resection approach 
can be from the spleen towards the body and neck of the 
pancreas (retrograde) or starting at the neck of the pancreas 
and working towards the tail (antegrade). In order to maxi-
mize the lymphatic dissection and improve the chance for a 
margin negative resection our group recommends that an 
antegrade resection should be performed when pancreatic 
cancer is suspected or proven [ 6 ]. 

    Open Distal Pancreatectomy (RAMPS Procedure) 

 A staging laparoscopy is performed to rule out any perito-
neal or liver metastases. Once it has been determined that 
there is no evidence of metastatic disease, a long, oblique, left 
upper quadrant incision that extends over the midline to the 
right and also vertically in the midline is made (a midline inci-
sion is an acceptable alternative, and may be preferable in 
thin patients). The greater omentum is dissected off of the 
colon using electrocautery and the short gastric vessels are 
divided close to the stomach using an ultrasonic or bipolar 
sealing device. Alternatively, the short gastric vessels can be 
individually clipped or ligated. The neck of the pancreas is 
then visualized by retracting the stomach superiorly. The pan-
creas is gently elevated off the superior mesenteric and portal 
veins inferiorly and superiorly. Dissection along the superior 
edge of the neck of the pancreas will reveal the common 
hepatic artery, which can be traced rightward to the gastro-
duodenal artery and leftward to the celiac confluence and 
identification of the splenic artery. The lymph nodes on the 
left border of the proper hepatic artery and portal vein as 
well as those anterior to the common hepatic artery are 
mobilized. The anterior surface of the portal vein is exposed 
by retracting the gastroduodenal artery to the right and the 

Chapter 39. Distal Pancreatectomy



718

tunnel behind the neck of the pancreas is completed. The 
neck of the pancreas is then divided. We prefer a linear GIA 
stapler with a thick tissue load. This may be oversewn with 
interlocking figure of eight sutures. The celiac nodes are next 
dissected free by dividing the coronary vein near the lesser 
curve of the stomach and then dividing the peritoneum at the 
base of the caudate lobe, sweeping the fat and nodes inferi-
orly off the crus of the diaphragm. The fat and nodes anterior 
to the hepatic artery are then swept medially and the coro-
nary vein is again divided, this time at the portal vein. The 
origin of the splenic artery from the inferior aspect of the 
celiac artery can now be seen and it is ligated near its origin. 
The splenic vein is next isolated at its junction with the supe-
rior mesenteric vein and divided. The dissection now pro-
ceeds vertically until the superior mesenteric artery is 
encountered. The artery is followed posteriorly and superi-
orly on its left side to the aorta. The lymph nodes anterior to 
the aorta between the celiac artery and superior mesenteric 
artery and those anterior to the left of the superior mesen-
teric artery are taken. If preoperative imaging suggests poste-
rior invasion the dissection can easily be extended posteriorly 
to include the adrenal gland superiorly and Gerota’s fascia 
inferiorly. The superior and inferior attachments of the pan-
creas are divided as the dissection proceeds to the left and the 
inferior mesenteric vein is ligated and transected and the 
lienorenal ligament is divided. Once the lienorenal ligament 
is divided, the specimen is removed  en bloc . The abdomen is 
irrigated and hemostasis is obtained. A drain is placed in the 
resection bed, exiting the skin in the left upper quadrant. The 
incision is closed using number 1 Prolene sutures in a running 
fashion starting laterally and tied to each other medially. The 
skin is closed with staples and a sterile dressing is applied [ 6 ].  

    Laparoscopic Distal Pancreatectomy 

 An infraumbilical incision is made and a 10–12-mm trocar is 
inserted. The abdomen is insufflated and the following addi-
tional trocars are placed in the upper abdomen; one 5-mm 
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and one 10-mm port just to the right of midline and two 
5-mm ports in the left upper abdomen. A four-quadrant 
examination of the abdomen is undertaken, paying particu-
lar attention to any nodules or irregularities of the liver or 
the peritoneum. The stomach is mobilized from the trans-
verse mesocolon and the lesser sac is entered (Fig.  39.1 ). The 
splenic flexure of the colon is mobilized using the ultrasonic 
dissector or 5-mm ligaSure. This can be aided by tilting the 
operating table so the patient’s left side is elevated 30–45°. 
This is carried towards the inferior margin of the spleen. 
If the spleen is to be removed, all short gastric arteries to it 
are taken down with the ultrasonic dissector or with hemo-
clips (Fig.  39.2 ). The dissection then proceeds toward the 
gastroesophageal junction, making sure to stay on the infe-
rior aspect of the gastroepiploic vessels. Filmy attachments 
between the pancreas and the posterior stomach are dis-
sected (Fig.  39.3 ). A fixed retractor is utilized to elevate the 
stomach and left liver anteriorly and cephalad to expose the 
entire length of the pancreas. The superior aspect of 

  Figure 39.1    Entering the lesser sac       
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  Figure 39.2    Taking down the short gastric vessels       

  Figure 39.3    Exposing the anterior pancreas       
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  Figure 39.4    The pancreas in situ       

the pancreas is then mobilized toward the portal vein along 
the hepatic artery. The hepatic artery is then traced back to 
the confluence of the celiac artery and the left gastric artery. 
The inferior aspect of the pancreas is next mobilized toward 
the spleen (Figs.  39.4  and  39.5 ). If the spleen is to be pre-
served, the splenic vein is dissected free of the posterior 
pancreas. Hemostasis is achieved with the ultrasonic dissec-
tor and the application of hemoclips. The pancreas is ele-
vated superiorly to allow for retroperitoneal pancreatic 
access and a tunnel is then created underneath the pancreas 
to expose the portal vein. The pancreas is then transected 
using an endo GIA  stapler (Figs.  39.6  and  39.7 ). The staple 
line can be reinforced by using buttress material, as seen in 
the figures. The use of buttress material to reinforce the 
staple line may or may not reduce the postoperative fistula 
rate [ 7 ]. The splenic artery is identified (Fig.  39.8 ) and sta-
pled with a vascular load of a GIA Endo stapler if it is to be 
removed. The portal-splenic confluence is identified by 
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  Figure 39.6    Stapling across the pancreas       

  Figure 39.5    Mobilizing the inferior pancreas near the spleen       
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  Figure 39.7    The transected pancreas       

  Figure 39.8    Identification of the splenic artery       
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retracting the resected pancreas laterally (Fig.  39.9 ). The 
splenic vein is then stapled here (Fig.  39.10 ), if the spleen is 
to be removed. The specimen is placed into a specimen bag 
(Fig.  39.11 ). The upper midline port incision is extended and 
the specimen is delivered from the small upper midline inci-
sion (Fig.  39.12 ). Hemostasis is assured and a drain is placed 
at the pancreatic transection line, coming out of the left 
upper quadrant. The trocar sites and the specimen extrac-
tion sites are closed with absorbable sutures and the skin is 
closed with a subcuticular monofilament suture and a sterile 
dressing is applied.

                   Postoperative Care 

 The complication rate following distal pancreatectomy is 
approximately 30 %. The most common complications 
encountered are pancreatic leak or fistula (5–29 %) [ 8 ,  9 ], 
new-onset insulin-dependent diabetes (9 %) [ 9 ], intraab-
dominal abscess (4 %), small bowel obstruction (4 %), and 
postoperative hemorrhage (4 %) [ 8 ]. Postoperative care is 
targeted to avoid or minimize these complications. 

 Postoperatively uncomplicated patients are admitted to a 
general ward for 2–3 days. Perioperative pain may be man-
aged by intravenous narcotics or epidural catheters. One of 
the most critical aspects of their recovery is the diligent use 
of an incentive spirometer to encourage deep breathing and 
to prevent atelectasis and pneumonia. It is also important to 
routinely monitor blood glucose levels, as removing part of 
the pancreas can make a patient either temporarily or perma-
nently diabetic [ 10 ]. Another aspect of patient management 
that should not be overlooked is adequate venous thrombosis 
prophylaxis, particularly in patients with malignancies. 
Patients should be encouraged to ambulate as soon and as 
often as possible. The Foley catheter is discontinued once the 
patient demonstrates that they are adequately volume resus-
citated. In most patients the nasogastric tube is discontinued 
on postoperative day 1. The diet is advanced from clear liq-
uids to a regular diet as tolerated by the patient. When an oral 
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  Figure 39.9    Portosplenic confluence exposed       

  Figure 39.10    Dividing the splenic vein       
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  Figure 39.11    The final specimen in the specimen bag       

  Figure 39.12    The specimen being removed       
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diet is resumed, medications are changed from intravenous to 
oral. If there is a change in the abdominal drain output, vol-
ume or quality, drain fluid amylase and lipase are sent in 
conjunction with a patient’s serum amylase and lipase. If the 
drain amylase or lipase is greater than three times that of the 
serum, the patient has a pancreatic leak and is discharged 
home with the drain in place. When the patient demonstrates 
the ability to maintain an oral intake to keep himself ade-
quately hydrated and has significant pain control on oral pain 
medication, he may be discharged from the hospital. Patients 
are seen back in the surgeon’s clinic in 2 weeks for a routine 
postoperative visit. If there was a leak at the time of  discharge, 
the drain fluid is again analyzed and may be removed if it has 
normalized.     
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    Abstract     This chapter covers the surgical management 
of chronic pancreatitis including indications, perioperative 
workup, procedure selection, surgical techniques, post-opera-
tive care and outcomes.  

  Keywords     Chronic pancreatitis   •   Surgical management   • 
  Review  

        Background 

 Chronic pancreatitis is characterized by progressive paren-
chymal fibrosis resulting in loss of pancreatic exocrine and 
endocrine function. The pathogenesis of chronic pancreatitis 
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is unclear, but is thought to be secondary to repeated paren-
chymal injury. Common etiologies include alcoholic pancre-
atitis, autoimmune pancreatitis, and pancreatic duct 
obstruction caused by pancreatic divisum or stricture. The 
disease affects all elements of the gland; exocrine dysfunction 
can occur early in the disease process followed by subsequent 
endocrine dysfunction. Parenchymal fibrosis often causes 
pancreatic duct strictures resulting in distal pancreatic duct 
dilation. Intraparenchymal calcification and intraductal cal-
cium calculi are common. 

 The presentation of chronic pancreatitis is variable, how-
ever, patients most commonly present with severe, recurrent 
abdominal pain. Although several mechanisms have 
attempted to explain how chronic pancreatitis causes abdom-
inal pain, the exact etiology remains unknown [ 1 ]. 

 The treatment of chronic pancreatitis can be difficult and 
requires multidisciplinary treatment by general practitio-
ners, gastroenterologists, radiologists, and surgeons. Initial 
treatment is nonoperative and includes pain control with 
oral analgesics. Frequently, patients require escalation to 
narcotic pain medicines and referral to pain management 
specialists. Endoscopic treatments aimed at reliving the 
chronic pain associated with chronic pancreatitis have been 
developed and include celiac axis block, pancreatic sphinc-
terotomy, and pancreatic duct stenting. The published results 
of these interventions have demonstrated varying efficacy 
and durability [ 2 ,  3 ,  15 ]; their discussion is beyond the scope 
of this chapter.  

    Indications for Surgical Therapy 

 Although initial treatment of chronic pancreatitis is nonop-
erative, the indications which require surgical treatment 
are listed in Table  40.1 . The most frequent indication for 
surgery in patients with chronic pancreatitis is intractable 
pain.
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       Preoperative Preparation 

    Preoperative Workup 

 Just as in all major intraabdominal surgeries, thorough preop-
erative cardiac risk evaluation should be carried out [ 5 ]. In 
addition, patients with chronic pancreatitis should be screened 
for ongoing alcohol abuse and referred to a treatment pro-
gram, if necessary, before undergoing elective resection. In a 
recent review, 20 % of patients undergoing surgery for 
chronic pancreatitis retrospectively reported active alcohol 
abuse at the time of surgery [ 10 ]. 

 In cases in which sequelae of chronic pancreatitis have 
resulted in severe malnutrition (albumin <2), consideration 
should be given to nutrition supplementation. Enteral feed-
ing is preferable to total parenteral nutrition [ 9 ]. Pancreatic 
enzyme therapy is often required for adequate digestion of 
food. All patients should receive a bowel regimen such as 
magnesium citrate the night before surgery to facilitate the 
creation of a Roux loop, if necessary.  

    Imaging Studies 

 Imaging studies are crucial for fully evaluating the extent of 
disease and for surgical planning. It provides confirmation of 

   Table 40.1    Indications for surgery in chronic pancreatitis   
 Pain refractory to medical therapy 

 Recurrent pancreatitis secondary to pancreatic duct stenosis 

 Bile duct stenosis 

 Gastric outlet obstruction/duodenal obstruction/colonic obstruction 

 Pancreatic fistula 

 Pseudocyst 

 Pancreatic carcinoma 
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chronic pancreatitis, assessment of pancreatic duct diameter, 
definition of pancreatic anatomy, and the determination of 
associated disease or malignancy. 

 Triple-phase contrast-enhanced, fine-cut, computed 
tomography is the preferred modality for the evaluation of 
chronic pancreatitis. The sensitivity of CT scan is almost 
100 % for diagnosing advanced disease and readily detects 
the common sequelae of pancreatitis including the presence 
of an inflammatory mass, pancreatic pseudocyst, bile duct 
stricture, pancreatic ductal dilation, and gastric outlet obstruc-
tion (Fig.  40.1 ). In patients with an inflammatory mass, it is 
crucial to rule out pancreatic adenocarcinoma. If the diagno-
sis is unclear on axial imaging, additional studies may be 
required to completely evaluate the patient. Endoscopic 
 retrograde cholangiopancreatogram (ERCP), endoscopic 
ultrasound (EUS) with biopsy, magnetic resonance imaging 
(MRI), and magnetic resonance cholangiopancreatogram 
(MRCP) can provide valuable information in difficult cases. 
Definitive oncologic resection is indicated if the presence of 
malignancy is suspected and cannot be ruled out.

   ERCP is the gold standard for examination of pancreatic 
ductal anatomy. In chronic pancreatitis, the pancreatic duct 
displays an irregular contour with multifocal strictures, dilata-
tions, and stones. MRCP provides similar images without the 
invasiveness of an endoscopy, but is less precise. EUS easily 
defines pancreatic anatomic relationships and allows for non- 
invasive tissue sampling under ultrasound guidance [ 13 ].  

  Figure 40.1    Preoperative CT scan demonstrating dilated pancreatic 
duct on contrast scan and severely calcified and diseased pancreatic 
head on non-contrast images       
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    Procedure Selection 

 The choice of operation is dependent on pancreatic ductal 
anatomy and the extent of disease throughout the gland. 
Operations to palliate abdominal pain either (1) drain a 
dilated pancreatic ductal system or (2) resect diseased pan-
creatic parenchyma in cases in which the duct is of normal 
diameter. The main pancreatic duct normally measures 
4–5 mm in the head of the pancreas and gently tapers 
throughout the body (3–4 mm) and tail (2–3 mm). 

 Patients with a dilated main pancreatic duct (>7 mm in the 
body of the gland) are best treated with procedures to 
decompress and drain the dilated duct (longitudinal 
 pancreaticojejunostomy – Puestow procedure, or longitudi-
nal pancreaticojejunostomy with coring of the head – Frey 
procedure). On the other hand, patients with a diseased gland 
and normal pancreatic duct diameter may require resection 
of the diseased gland. The choice of resection (distal pancre-
atectomy, pancreaticoduodenectomy, Beger procedure, 
Izbicki procedure) is dependent on surgeon’s preference and 
the anatomical extent of disease. Some of these operations 
(Frey, Beger, Izbicki) have elements of resection and drain-
age (Fig.  40.2 ).

Radiographic
evaluation

Non-dilated
pancreatic duct

Dilated
pancreatic duct

Diseased
parenchyma

Distal
parenchymal

disease

Diseased
pancreatic head
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disease
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parenchyma

Resection/
drainage

procedure

Frey
procedure

Beger
procedure

Distal
pancreatectomy

Whipple
procedure

Izbicki
procedure

Puestow
procedure

  Figure 40.2    Treatment algorithm for the surgical management of 
chronic pancreatitis       
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        Surgical Procedures for Chronic Pancreatitis 

    Drainage Procedures 

 Longitudinal pancreaticojejunostomy (Puestow procedure) 
is performed for the drainage and decompression of a dilated 
pancreatic duct. Despite providing temporary pain relief, the 
procedure is associated with approximately 50 % of patients 
developing recurrent abdominal pain within 5 years. Failure 
is due to the fact that the procedure may inadequately 
decompress ducts in the head and uncinate process.  

    Resection for Chronic Pancreatitis 

 Patients with parenchymal disease and a normal diameter or 
narrowed pancreatic duct are candidates for pancreatic resec-
tion. The extent of resection is dependent upon the location 
and extent of disease. Pancreaticoduodenectomy (Whipple 
resection) may be indicated in patients with an enlarged pan-
creatic head, containing multiple cysts or  calcifications. Distal 
pancreatectomy is indicated in patients with a normal pancre-
atic duct and disease confined to the distal gland. However, 
resection is associated with an increased incidence of postop-
erative endocrine and exocrine dysfunction.  

    Combined Resection and Drainage Procedures 

 Procedures that involve limited pancreatic resection and pan-
creatic duct drainage attempt to provide permanent pain 
relief, while avoiding exocrine and endocrine dysfunction. 
Variations exist based on the method of pancreatic head 
resection. The Frey procedure combines limited resection by 
coring of the pancreatic head with unroofing of the dilated 
pancreatic duct and lateral pancreaticojejunostomy. The 
Beger procedure is a duodenal-sparing resection of the pan-
creatic head; drainage is accomplished through a Roux limb 
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to the periampullary pancreas and the remaining tail, either 
through an end-to-end anastomosis or lateral pancreaticoje-
junostomy. Both procedures are indicated in severe chronic 
pancreatitis with an enlarged pancreatic head. 

 Table  40.2  illustrates the salient differences between the 
operations employed to treat chronic pancreatitis.

        Positioning and Anesthesia 

 The patient is positioned supine on the operating table with 
arms extended. The level of intraoperative monitoring is 
dependent on the patient’s general health status. All patients 
require adequate peripheral intravenous access, should 
thevneed for rapid fluid replacement arise. Arterial monitor-
ing is often performed to obtain realtime hemodynamic moni-
toring. Central venous cannulation should not be routinely 
employed, but reserved for patients whose peripheral intrave-
nous access is inadequate or preexisting medical  conditions, 
which require close attention to cardiac preload or fluid 
status. 

 General anesthesia and adequate muscle relaxation is 
required in all patients to facilitate exposure. Frequently, a 
self-retaining retractor system is employed. All patients 
should have a nasogastric tube placed for gastric 
decompression.  

    Description of the Procedure 

 Although several different operations for chronic pancreati-
tis exist, the Frey procedure, which combines a limited pan-
creatic head resection and a lateral pancreaticojejunostomy, 
will be described in detail here. The surgery can be divided 
into three parts: exposure and complete pancreatic evalua-
tion, resection of pancreatic parenchyma facilitating pancre-
atic duct decompression, and construction of a Roux loop to 
drain the decompressed duct. 
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    Exposing the Pancreas 

 A laparotomy is performed through a “Mercedes-Benz”, 
chevron, or midline incision. Access to the lesser sac is 
obtained through the gastrocolic ligament and the posterior 
attachments of the stomach are released (Fig.  40.3 ).

   An extensive Kocher maneuver with hepatic flexure mobi-
lization is performed to expose the pancreas. Once complete, 
the right gastroepiploic vein is divided close to its union with 
the middle colic vein. The right gastroepiploic artery is 
divided where it originates from the gastroduodenal artery 
on the anterior surface of the pancreas. The gastroduodenal 
artery, which runs from superior to inferior across the neck of 
the pancreas, is ligated above and below the planned line of 
incision in the pancreas. Using ultrasound guidance, a needle 
is navigated into the dilated pancreatic duct. Fine-tipped cau-
tery is used to trace the path of the needle and enter the duct. 
The parenchyma overlying the duct is excised to unroof the 

  Figure 40.3    Normal anatomy of the pancreas after entering the 
lesser sac       
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dilated duct and permit adequate decompression 
(Fig.  40.4a–c ).

       Resection of the Pancreatic Parenchyma 

 Resection of the overlying pancreatic tissue is required to 
facilitate decompression of the duct. Normally the duct in the 
body and tail is exposed first. A trough is created by resecting 
the overlying pancreatic tissue, with the pancreatic duct at the 
base. Enough pancreatic issue is left at the upper and lower 
borders of the pancreas to provide a margin to attach the 
Roux loop. Frequently, large pancreatic duct stones are 
encountered and are easily extracted. 

  Figure 40.4    Locating the pancreatic duct using ultrasound guidance 
and a syringe. ( a ) The  red arrow  indicates the dilated pancreatic duct 
and the  blue arrow  highlights the superior mesenteric vein. ( b ) Note 
the presence of pancreatic ductal hypertension as pancreatic fluid 
spontaneously decompresses into the syringe. ( c ) Bovie cautery is 
used to unroof the pancreatic duct       
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 To prepare for head coring, a series of 3-0 synthetic 
absorbable sutures is placed around the pancreatic head at 
the border of the duodenum to maintain hemostatic control 
during parenchymal resection. The incision in the pancreatic 
duct is carried into the head and all tissue anterior to the 
duct is excised in layers. Resection proceeds until approxi-
mately a thin, 1 cm margin of pancreas remains along poste-
rior, lateral, superior, and inferior aspects. A biliary balloon 
catheter or sound is placed through the papilla into the 
duodenum to demonstrate unobstructed communication 
and to determine the right lateral resection margin 
(Fig.  40.5a–d ). The surgeon must maintain awareness of the 

  Figure 40.5    Parenchymal resection. ( a ) Stay sutures are placed 
around the head of the pancreas to maintain hemostasis during 
resection. ( b ) The parenchyma is excised in layers. ( c ) A pancreatic 
duct stone is encountered in the remnant pancreatic duct. ( d ) After 
resection is complete, open communication between the duct and 
the duodenum is demonstrated by inserting a Fogarty catheter 
through the ampulla       
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position of the portomesenteric veins and the posterior sur-
face of the pancreas, the latter by manual palpation of the 
mobilized duodenum. Excised tissue is sent for pathologic 
evaluation for occult pancreatic cancer.

       Pancreaticojejunostomy 

 A Roux-en-Y pancreaticojejunostomy is used to drain the 
decompressed pancreatic duct. The Roux loop is created by 
transecting the small bowel approximately 20 cm distal to the 
ligament of Treitz. A functional end-to-end, side-to-side 
enteroenterostomy is created 60 cm downstream from the 
stapled end of the jejunum. 

 The free, stapled end of the jejunum is used to fashion the 
pancreaticojejunostomy (Fig.  40.6a–c ). The Roux loop is 
brought into the lesser sac in a retrocolic fashion through a 
defect created in the mesocolon. Different methods of fashion-
ing the side-to-side anastomosis have been described. In cases 
where the remaining pancreas is firm and can hold suture eas-
ily, the anastomosis is created using single-layer, running 
monofilament synthetic suture (3-0 polydioxanone, PDS). 
However, when the pancreas is soft, a two-layered closure can 
be performed with an inner layer of continuous monofilament 
suture and an outer layer of interrupted 3-0 silk sutures to 
anchor the small bowel to the surface of the pancreas.

   After the anastomosis is completed, the defect in the 
mesocolon is approximated around the Roux loop. The field 
is thoroughly irrigated and hemostasis is confirmed. Closed 
suction drains are placed around the anastomosis before clos-
ing the abdomen.   

    Postoperative Care 

 Patients undergoing surgery for chronic pancreatitis require 
attentive care in the postoperative period, to assure optimal 
outcomes. Postoperative pain control can be difficult as many 
patients are dependent on narcotic pain medications. Epidural 
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and patient-controlled analgesia are useful methods; the lat-
ter allows titration of pain medication to obtain adequate 
pain relief. All patients require monitoring for symptoms of 
alcohol withdrawal including autonomic instability (tachycar-
dia, hypertension, and hyperthermia), insomnia, emotional 
irritability, and diaphoresis. Prophylaxis with benzodiaze-
pines is indicated if symptoms of withdrawal of alcohol 
appear or alcohol dependence is suspected in order to pre-
vent life-threatening complications such as delirium tremens 
and seizure. 

 The appearance of gland dysfunction may begin to present 
in the early postoperative period. Fasting blood glucose levels 

  Figure 40.6    Fashioning the pancreaticojejunostomy. ( a ) The small 
bowel enterotomy is considerably smaller than the length of the 
exposed duct, as the bowel wall is fairly elastic. The anastomosis is 
fashioned using a single layer of continuous running 3-0 polydioxa-
none (PDS) synthetic monofilament suture. The posterior anasto-
mosis is created first ( blue arrow ); pancreatic duct ( green arrow ). 
( b ) The superior aspect of the anastomosis is complete. ( c ) The 
 finished pancreaticojejunostomy is shown       
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should be monitored; if needed, insulin replacement therapy 
and diabetic counseling are implemented. Patients should be 
monitored for malabsorption and steatorrhea. Malabsorption 
should be treated with pancreatic enzyme replacement 
(30,000 units of lipase with each meal). Restriction of dietary 
fat intake should improve steatorrhea. 

 Patients require routine follow up once discharged from 
the hospital. Recurrent pain should prompt a thorough evalu-
ation, as the recurrence may herald the development of pan-
creatic cancer.     
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    Abstract     General, vascular and transplant surgeons all per-
form operations for vascular access. The arteriovenous fistula, 
when compared with an external catheter or a non- autogenous 
graft, has the best outcome for vascular access among many 
patients with end stage renal disease. Professional and govern-
mental organizations emphasize the importance of using autog-
enous fistulas when appropriate. This chapter will describe the 
preoperative evaluation, surgical techniques and postoperative 
care for performing radiocephalic and brachiocephalic arterio-
venous fistulas and the basilic vein transposition.  
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        Indications 

 The arteriovenous fistula [AVF], when compared with an 
external catheter or a non-autogenous graft in multiple non- 
randomized, non-controlled studies, has the best outcome for 
vascular access among patients with end stage renal disease [ 1 ]. 
The National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (KDOQI) and the Society for Vascular 
Surgery each have excellent guidelines for the surgeon 
 performing vascular access operations [ 2 ,  3 ]. The Fistula First 
Initiative, instituted in 2004 and sponsored in part by the 
Center for Medicare Services, strongly promotes the use of 
native AV fistulas for access. The initiative’s name has changed 
to “Fistula First, Catheter Last,” to promote the primary goal 
of avoiding catheters, and to recognize the idea that some 
patients such as the elderly and others may have better out-
comes with grafts rather than fistulas. This review will describe 
the surgical techniques for radiocephalic and brachiocephalic 
arteriovenous fistulas and the one stage basilic vein transposi-
tion [BVT].  

    Preoperative Care 

 A successful access requires good arterial inflow and good 
venous outflow, including patency of the central veins. 
Important aspects of history specific to vascular access 
include hand dominance, history of central lines and pace-
makers, and history of radial artery operations for coronary 
artery bypass surgery. If both arms have adequate veins, use 
the non-dominant arm for access. The patient will then have 
more mobility of their dominant hand during dialysis. A his-
tory of central lines would prompt you to consider evaluation 
for central venous stenosis with a venogram. The presence of 
a pacemaker in the ipsilateral subclavian vein predicts a 
higher risk of complications including subclavian vein throm-
bosis after AV fistula placement in that arm. History of radial 
artery excision would preclude a wrist fistula. On physical 
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exam, evaluate for pulse quality at the radial artery at the 
wrist and the brachial artery at the elbow. Perform an Allen’s 
test to evaluate the palmer arch prior to consideration of 
performing a radial-cephalic wrist fistula, to ensure that the 
ulnar artery will adequately perfuse the hand. Inspect for 
 collateral veins in the upper arm and around the shoulder to 
evaluate for sequalae of central venous stenosis. 

 The ultrasound is an excellent instrument you can use in 
the office to evaluate artery and vein size and course to plan 
an appropriate operation (Fig.  41.1 ).

   In most cases, a vein 2.5–3 mm or larger would be appropriate 
to attempt an operation, while an artery 2–2.5 mm at a minimum 
may work, although larger vessels size will predict a greater 
likelihood of success [ 4 ]. You can gain more information and 
detail by performing the ultrasound yourself rather than 
depending upon a radiology report. In patients with a history of 
multiple failed attempts at access, a concern for central venous 
stenosis, or other factors that may make the access more likely 
to fail, a venogram with iodinated contrast or CO 2  may also help 
delineate the anatomy of the venous system including the cen-
tral venous system to plan the operation (Fig.  41.2 ).

       Positioning and Anesthesia 

 You can perform the operations utilizing local anesthesia 
with sedation (or sometimes without sedation,) monitored 
anesthesia care, or a regional block. Place the operative arm 
in the abducted position on an arm board and prep and drape 
appropriately.  

    Description of the Procedure 

    Wrist Fistula (Radiocephalic Fistula) 

 Dr. Kenneth Appel, a general surgeon in The Bronx in 
New York City, performed the first radiocephalic wrist fistula 
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a

b

  Figure 41.1    ( a ,  b ) Ultrasound mapping of veins, performed in the 
office (Courtesy of David Melnick, MD)       
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(also known as the Brescia-Cimino-Appel fistula) in 1963 [ 5 ]. 
He improved upon the other option at that time, the Scribner 
Shunt, an external metallic shunt placed in the forearm asso-
ciated with significant major complications. The patient 
should have a normal Allen’s test to prevent  ischemic compli-
cations to the hand. A preoperative ultrasound can some-
times identify an area more proximal than the wrist where 
the vein and/or artery may have a larger diameter and be 
easier to work with. After prepping, draping, and  anesthetizing, 
incise the skin longitudinally between the cephalic vein and 
the palpable radial artery in the distal forearm. Develop a 
lateral skin flap to expose the cephalic vein. Mobilize it for a 
distance of 4–5 cm and control it with vessel loops. To expose 
the radial artery, palpate it or use a Doppler to identify it then 
incise the overlying fascia. Preserve the superficial branch of 
the radial nerve lying lateral to the artery as it supplies sensa-

  Figure 41.2    Right upper arm venogram using iodinated contrast 
demonstrating the cephalic vein ( upper left ) brachial vein ( middle ) 
and basilic vein ( lower right ) (Courtesy of Amanda Valliant, MD)       
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tion to the thumb. Mobilize the artery and gain proximal and 
distal control with vessel loops. Depending on the quality and 
location of the vein, you can perform either a side to side or 
end vein to side artery anastomosis. The initial description of 
this procedure by Appel utilized a side to side anastomosis, 
but this chapter will describe an end vein to side artery anas-
tomosis. Divide the vein distally at the appropriate point to 
prepare for the anastomosis. Locally heparinize the vein and 
sequentially dilate to 4–5 mm with vessel dilators to ensure 
lack of stenosis, then heparinize again and place a bulldog on 
the vein. Some authors recommend a different approach, 
limiting trauma to the vein and artery by minimizing the con-
tact with them around the area of the anastomosis.  

    Elbow Fistula (Brachiocephalic Fistula) 

 After prepping and draping, anesthetize the skin just distal to 
the antecubital crease and incise the skin transversely at that 
location. Dissect though the subcutaneous fat to expose the 
cephalic vein and mobilize it proximally and distally. Often 
you will find the cephalic vein anastomosing to the basilic vein 
in an arch formation, with distal venous branches. Using a 
branch point of the cephalic vein can help with an easier anas-
tomosis. After exposing the vein, palpate or Doppler medially 
to find the brachial artery and brachial veins then incise the 
overlying bicipital aponeurosis ( lacertus fibrosus ) to expose 
them. Mobilize the artery and gain control with vessel loops. 
You can expose distally and gain control of the proximal 
radial artery to perform the anastomosis there, with the 
potential advantage of a lower risk of steal syndrome, or use 
the main brachial artery for the anastomosis. Ligate and 
divide small arterial branches to prevent avulsion. Gain proxi-
mal and distal control of the artery with vessel loops. Divide 
the vein distally at the appropriate point to prepare for the 
anastomosis. Locally heparinize the vein and sequentially 
dilate to 4–5 mm with vessel dilators to ensure lack of stenosis, 
then heparinize again and place a bulldog on the vein.  
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    Basilic Vein Transposition 

 The BVT may be performed in one stage or two stages. The 
first stage of the two stage approach involves performing a 
brachio-basilic AVF at the antecubital fossa or distal upper 
arm. The transposition is then performed at a later date after 
the fistula has been evaluated and is working. The one stage 
approach will be described here. After the patient is posi-
tioned with the ipsilateral arm abducted on an arm board, 
map out the course of the vein using the ultrasound and a 
marker to aid in dissection (Fig.  41.3 ).

   After mapping out the course of the vein, prep and drape. 
Anesthetize as appropriate and incise the skin in the distal 
upper arm where you marked out the course of the vein. 
Dissect through the subcutaneous fat to expose the vein and 
control it with a vessel loop. Then sequentially incise the skin 

  Figure 41.3    Preoperative ultrasound mapping of basilic vein ( solid 
line ). The  dotted line  is the planned tunneled path of the transposed 
basilic vein (Courtesy of David Melnick, MD)       
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and mobilize the vein, tying off and dividing side branches all 
the way up the arm to the axilla. Doubly ligate the venous 
branches coming off the basilic vein to prevent postoperative 
hemorrhage. Curve the distal end of the skin incision laterally 
as you approach the antecubital crease to aid with exposure 
of the brachial artery. After the vein is completely mobilized, 
expose the artery. Palpate or use doppler to find the artery 
medially, then incise the overlying fascia to find it. Dissect the 
brachial veins off the artery and place a vessel loop around 
the artery. Mobilize the artery for two to three centimeters so 
you have enough room to perform the anastomosis. 

 Divide the basilic vein and ligate it distally. Use a marker 
to indicate the anterior surface of the vein along its course to 
aid in orienting the vein so it does not get twisted during tun-
nelling. Locally heparinize the vein and dilate it if appropri-
ate. Secure the vein to a Kelly-Wick tunneller, then tunnel the 
vein from the axilla, laterally and subcutaneously, to the area 
around the exposed artery. The more lateral the tunnel, the 
easier time the vascular access nurses will have cannulating 
the vein. Cut the stitch securing the vein to the tunneller and 
locally heparinize the vein, ensuring that it is not twisted.   

    The Anastomosis 

 If you have access to a venous bifurcation, divide the vein just 
distal to that and spatulate the anastomosis by using a right 
angle Potts scissor to enter one branch and come out the 
other, then cut to open up the vein. Alternatively, using a 
right angle Potts scissors make an incision in the vein at the 
“heel” if needed to make a wider anastomosis. Use a small 
bulldog to prevent back-bleeding from the vein. Bring the 
artery and vein next to each other and gain control of the 
inflow and outflow of the artery with double vessel loops or 
vascular clamps. 

 Make an arteriotomy with an 11 blade and extend it with 
right angle Pott’s scissors. Some surgeons use a vascular 
punch instead of the scissors. Place a 7–0 polypropylene 
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suture as a “stay” suture in the center of one wall of the artery 
to assist in retraction of the wall for exposure. Locally hepa-
rinize the artery proximally and distally. Use double armed 
6–0 or 7–0 polypropylene sutures for the anastomosis. 

 Approximate the artery and vein at the “heel” of the 
 anastomosis (located proximally on the arm) with the 
 polypropylene suture and tie that down. Use another suture 
to bring the “toe” together so now the artery and vein are set 
up for the anastomosis (Fig.  41.4 ).

   The needle typically travels outside to inside on the vein, 
and inside to outside on the artery to avoid raising an arterial 
intimal flap. Close the posterior layer first with one of the 
“heel” needles, traveling outside to inside on the vein for the 
first bite. Then travel inside to outside on the artery, then 
outside to in again on the vein. This will be easy if the anasto-
mosis is set up correctly. Continue with that same suture past 
the “toe” and around halfway up the anterior anastomosis 
(Fig.  41.5 ).

   Then change to the other “heel” needle and finish the 
anastomosis. Prior to tying the sutures, make sure the anasto-
mosis is patent and you have good flow in the vein. If not, you 

  Figure 41.4    Preparation for radiocephalic arteriovenous wrist fis-
tula (Courtesy of David Melnick, MD)       
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can explore the anastomosis for technical problems prior to 
tying the suture. With small vessels, less than 3 mm, you may 
not appreciate a thrill immediately but only hear a good sig-
nal by Doppler demonstrating flow. If the vein had a side 
branch that you ligated prior to the anastomosis, you can cut 
that stitch and use the sidebranch to interrogate the 
 anastomosis by passing dilators, thrombectomy catheters, and 
instilling heparinized saline. 

 Palpate or doppler the pulse distally to ensure adequate 
hand perfusion. Ensure hemostasis then close the wound.  

    Postoperative Care 

 Evaluate the patients in around two weeks to assess the qual-
ity of the AVF. Along with examining for a thrill, use ultra-
sound if available to assess the size and depth of the fistula. If 
the thrill is not robust or the size of the vein seems small, you 
can send the patient for a fistulagram to assess for stenosis and 
potential balloon angioplasty. It should be apparent within 
2–4 weeks whether the fistula will have enough flow to can-
nulate successfully for dialysis; the patient should not have to 

  Figure 41.5    Completing the radiocephalic anastomosis (Courtesy 
of David Melnick, MD)       
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wait months for the fistula to mature. In Appel’s original 
series of 16 patients, aged 28–54 years old and all with end 
stage renal disease caused by glomerulonephritis, dialysis uti-
lizing the fistula was attempted on postoperative day one. If 
there is a concern about fistula maturation, obtain a fistula-
gram and if necessary evaluate for revision or a new site. 

 Acknowledgment Thank you to Marge Hunter for assisting as a scrub 
tech in hundreds of these cases.     
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    Abstract     Drainage of an abscess is indicated as primary 
treatment for purulent skin infections. The need for incision 
and drainage may be based on physical exam or with ultra-
sonography. If indicated, this may be done with local anes-
thetic. With consideration given to access to abscess, patient 
comfort and provider ergonomics, prep skin with cleansing 
agent. Using local anesthetic, inject intradermally. Incision 
should be across the abscess and once purulence is drained 
and irrigated, pack wound, covering with gauze. If systemic 
symptoms such as fever are present, oral antibiotic may be 
necessary in conjunction with procedure.  

  Keywords     Abscess   •   Incision   •   Drainage   •   Wound   •   Packing   
•   Infection  

     With increasing awareness of overuse of antibiotic therapy 
and surge in prevalence of antibiotic resistant bacteria, the 
place for incision and drainage of abscess is well established. 
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The Center for Disease Control and Prevention continues to 
rely on incision and drainage as primary therapy for treat-
ment of abscesses as well as recommendations from the 
Infectious Diseases Society of America [ 1 ]. 

    Indications 

 Indications for incision and drainage of an abscess are deter-
mined on the basis of purulent versus non-purulent infec-
tions. On exam, a purulent infection will likely have an area 
of fluctuance surrounded by induration. Generally speaking, 
the area of fluctuance correlates with the most painful and 
erythematous location as well. The majority of the time deter-
mining purulence can be done solely by physical exam. 

 If no purulence is present, then surgical intervention is 
likely not appropriate and oral antibiotics may be effective. 
However, in some situations, incision and drainage may be 
indicated further along the course of infection.  

    Pre-procedure Evaluation 

 Physical exam- This is generally sufficient to identify a simple 
abscess. Presence of swelling, pain, erythema, and fluctuance 
can confirm an abscess as can spontaneous purulent 
drainage. 

 Bedside/ in-office ultrasonography- This method may be 
used in conjunction with physical exam to evaluate for fluid 
collection, dimensions and rough size and expectations for 
drainage. It may also aid in locating the most appropriate 
area to make incision [ 1 ]. This is illustrated in Fig.  42.1 . 
Aspiration of an abscess with US guidance has found to be 
successful only 25 % of the time [ 2 ].

   Contraindications to bedside or in-office drainage of an 
abscess would include the following and require specializa-
tion or additional anesthesia: Large size of abscess, location 
requiring specialization (face, eyes, hands, feet), extensive 
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cellulitis without fluid collection, and conditions that require 
pre-medication such as anti-coagulation or pre-operative 
antibiotics [ 3 ].  

    Positioning and Anesthesia 

 Positioning for drainage of an abscess is based on abscess 
location and patient’s tolerance and comfort as well as ergo-
nomics of the provider. 

 Anesthesia for abscess drainage can generally be achieved 
with local anesthetic using 1 % Lidocaine with epinephrine 
to minimize bleeding. If area to be anesthetized is at genitalia, 
the nipple/areolar complex or an area with low vascularity, it 
is appropriate to forgo the epinephrine. With purulent infec-
tions, complete anesthetization is challenging, as the uptake 

Left Area of pain

  Figure 42.1    Ultrasound of abscess demonstrating fluid present 
(Courtesy of Sarah Smith)       
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of anesthetic is reduced due to purulence. Progressive anes-
thesia throughout the procedure may be indicated. 

 In the event the patient does not tolerate complete drain-
age of the abscess due to incomplete anesthesia, it may be 
necessary to have patient to return in 1–2 days as with drain-
age, some inflammation may decrease and allow for tolerable 
debridement.  

    Description of the Procedure 

     (a)    Gather appropriate personal protective equipment and 
instruments for procedure (Table  42.1 ).

      (b)    Obtain informed consent and disclose potential risks of 
bleeding, pain, and scar formation   

   Table 42.1    Protective equipment   
 Personal protective 
equipment  Procedure equipment 
 Face shield  Skin cleansing agent 

 Fluid resistant gown  Local anesthetic 

 Sterile gloves  5–10 ml syringe 

 Mask  25–30 gauge needle 

 Sterile gauze 

 Scalpel 

 Small curved hemostat 

 Normal saline and sterile bowl 

 Large syringe 

 Culture swabs 

 Packing material 

 Scissors 

 Tape 
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   (c)    Skin preparation – Proceed with skin preparation using 
skin cleansing agent such as chlorhexidine. Start at the 
center of the abscess.   

   (d)    Anesthetization – Prepare the patient. This may be the 
most painful part of the procedure. This is due to the pH 
difference of the anesthetic and body tissues. Using a 
25–30 gauge needle, inject anesthetic into the intradermal 
tissue above the abscess cavity, which will create blanch-
ing of the skin as illustrated in Fig.  42.2 . Injecting slowly 
will minimize discomfort the patient will experience. 
Give time for the anesthetic to take effect and re- 
anesthetize if necessary.

       (e)    Incision – Using the scalpel, make an incision across the 
area of abscess. No drainage will be present until the 
abscess cavity is entered as illustrated in Fig.  42.3 .

  Figure 42.2    Blanching of skin created by intradermal injection 
(Courtesy of Sarah Smith)       

 

Chapter 42. Drainage of Abscess



764

       (f)    Allow the wound to drain. Break up loculations inside 
the cavity. This is best done in a circular motion as dia-
gramed in Fig.  42.4 . Additional drainage will most likely 
result. It may be necessary to add additional anesthetic 
during this process. If indicated, this is also an appropri-
ate time to swab the wound for culture. In uncompli-
cated abscesses, this is unnecessary as those infections 
caused by community-acquired MRSA have a cure rate 
of 85–90 % [ 4 ].

       (g)    Irrigate the wound until clear drainage present.   
   (h)    Pack the wound with packing material in a circular 

direction as illustrated in Fig.  42.5 . Be careful not to 
overpack, as tension could cause tissue ischemia or pre-
vent drainage. In a small study, packing was found to 
cause more pain and did not improve healing than just 
covering with gauze [ 4 ]. This is ultimately left up to the 
provider [ 5 ].

       (i)    Cover with sterile gauze and secure with tape.      

  Figure 42.3    Incision of abscess cavity (Courtesy of Sarah Smith)       
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  Figure 42.4    Breaking up loculations of abscess cavity (Courtesy of 
Sarah Smith)       

  Figure 42.5    Packing abscess cavity (Courtesy of Sarah Smith)       

 

 

Chapter 42. Drainage of Abscess



766

    Post-procedure Instructions 

 Review care instructions with patient and schedule return 
visit to remove packing in 2–3 days. If continued drainage, 
wound may require repacking of site. Review symptoms that 
would warrant earlier return such as worsening redness, fever, 
increased pain or bleeding. Depending on size and location of 
abscess, additional pain medication may be necessary.  

    Complications 

 Complications of the procedure could include worsening 
infection despite incision and drainage. If this would occur, 
antibiotic therapy may be necessary [ 1 ]. If recurrent infec-
tions would occur, further work up should be completed for 
conditions such as diabetes or autoimmune disorders. Referral 
to Infections Disease may also be warranted.     
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    Abstract     This chapter discusses the complexity of issues to 
consider when determining to do a relatively easy and inex-
pensive procedure – punch biopsy. Reviewed are lesions 
appropriate to diagnose with punch, and absolute contra-
indications to punch, which are few but serious. Review 
of data and consensus guidelines are clear regarding pig-
mented lesions highly suspicious for melanoma but there 
is no clear cut recommendation for type and size of biopsy 
for a myriad of other lesions. How to obtain a full thickness 
tissue sample, closure and wound care is outlined. General 
points of discussion to be reviewed with patients regarding 
the goal of the procedure and individual considerations are 
made.  

  Keywords     Punch biopsy   •   Suspected melanoma   •   Incisional   
•   Excisional   •   Wound closure   •   Full thickness skin biopsy  
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        Indications 

 Punch biopsies are a simple, practical and inexpensive diagnos-
tic tool. Compared with excisional biopsies, very little training 
and experience is needed to do a skin punch biopsy well. 
However, choosing which biopsy technique and which lesion 
to biopsy is a complex decision. There are few evidence- based 
or best practice consensus guidelines to direct which type of 
biopsy to perform and how big the tissue specimen should be. 
National Comprehensive Cancer Network (NCCN) guidelines 
and an overwhelming amount of data recommend an exci-
sional biopsy with a 1–3 mm margin for pigmented lesions 
worrisome for melanoma. However, for patients presenting 
with a variety of symptomatic lesions or worrisome dermato-
ses, early and rapid diagnosis is essential and a punch biopsy is 
often the preferred approach. Skin cancer is the most common 
of all cancers. Early detection and treatment can lead to cure 
even if a lesion is malignant and early biopsy is critical to diag-
nosis. Once the decision to perform a punch biopsy is made, it 
is essential to clearly explain to the patient the indication for 
the procedure, the technique and the potential complications 
including missed diagnosis due to sample error or need for 
further surgery to definitively treat the lesion. 

 Excisional biopsies are expensive and time consuming 
procedures which require visits for both the procedure and 
the subsequent suture removal. They also create bigger 
defects, more scarring and potentially conflict with the sur-
geon’s intended approach in cases where a wide local exci-
sion and sentinel node biopsy are required. Draining lymph 
basins can potentially be obscured with larger biopsies. 
Excisional biopsies also have the potential for poorer 
 cosmesis [ 1 ]. Punch biopsies are a perfect diagnostic tool for 
inflammatory lesions or for small pigmented lesions. All the 
layers of the skin including the epidermis, dermis and upper 
parts of the subcutis are included in a punch specimen. 

 An estimated 76,100 new cases of invasive melanoma will 
be diagnosed in the US in 2014 [ 2 ]. In 2015, 1 in 50 Americans 
will develop melanoma and 1 in 5 Americans will develop 
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basal cell carcinoma or squamous cell carcinoma [ 3 ]. Many 
cancers can be cured by early excision. Despite the possible 
interference with T-staging a malignant lesion, errors from 
failing to biopsy due to time and healthcare cost constraints 
are worse than using the non-excisional (punch) technique to 
diagnosis possible malignancy. 

 Non-excisional biopsy may result in inadequate histology. 
However, a review of nine studies demonstrates that non- 
excisional biopsy of primary lesions with poor prognostic 
indicators has no effect on prognosis [ 4 ]. The type of biopsy 
performed does not influence survival rates in patients with 
melanoma [ 5 ]. Partial biopsies may result in misdiagnosis and 
inaccurate microstaging [ 6 ]. For patients presenting with 
large lesions which are obviously malignant melanoma, com-
plete excision with 1–3 mm margins is often impractical or 
too morbid. If complete excision cannot be performed as a 
primary procedure, then a punch of the most suspicious or 
thickest area should be done [ 5 ]. Moreover, if the initial tissue 
obtained is inadequate, additional biopsy is recommended.  

    Preoperative Care 

    Site Selection of Lesion 

 Punch biopsy is indicated with all suspected neoplastic lesions, 
lesions that require evaluation of the deeper dermis, all bullous 
disorders and to clarify a diagnosis when the differential list is 
limited [ 4 ]. For inflammatory lesions, biopsy the newer lesions 
with erythema. If possible take samples from several represen-
tative stages of the process. For blistering lesions, biopsy the 
newest vesicles and blisters first, within 48 h of onset. Older 
lesions may yield obscured pathological information. For very 
large lesions, biopsy the center or the most abnormal area or 
the thickest area [ 4 ]. For vesicles, biopsy them intact when pos-
sible, with some adjacent normal skin [ 4 ]. For bullae/circum-
scribed fluid filled lesions >1 cm in diameter, biopsy the edge 
to include a part of the blister with adjacent intact skin [ 4 ].  
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    Contraindications 

 Avoid face and distal lower extremities and over the tibia if 
possible to avoid cosmetic problems and delayed healing. 
Lesions on the distal lower extremities can show histological 
signs of stasis. Also avoid axilla and groin if possible to avoid 
secondary infection [ 1 ]. There are rare absolute contraindica-
tions to punch biopsy. Use caution with patients on anticoagu-
lation therapy and carefully consider the site. Take particular 
care when working near large pulsatile vessels in the trunk or 
head and neck [ 7 ]. Warfarin/Coumadin, Plavix/clopidogrel 
and aspirin should not be discontinued for a simple punch. A 
punch site on limbs with a bypass graft, near large vessels or 
articular capsules is contraindicated. One case study reports a 
massive arterial bleed from a 5 mm punch biopsy causing an 
arteriotomy to right femoral to anterior tibial artery Teflon 
bypass graft located at the distal right lateral thigh [ 8 ]. Allergic 
reactions to anesthesia are rare. Use caution when using lido-
caine with cardiac patients. Anaphylactic reactions or arrhyth-
mias may occur, therefore, it is important to be ready to 
perform basic resuscitation if needed [ 7 ]. If a full thickness 
excision with punch is inappropriate due to large size of the 
lesion or location, such as: face, or near a vessel graft, then 
modification of the approach is reasonable and warranted [ 9 ]. 

 Review medications, allergies, recent treatments of the 
lesion and concomitant illnesses. Obtain informed consent. 
Discussion should include the risk of infection, bleeding and 
potential scarring. Tissue sampling error and a caveat that 
more complicated surgery or diagnostic tests are a possibility 
should be discussed.   

    Positioning and Anesthesia 

    Skin Preparation 

 Use chlorhexidine to cleanse the skin. It is effective against 
gram negative and positive bacteria and lasts for several 
hours. Alcohol provides poor coverage against gram  negative 
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bacteria but it can be used if chlorhexidine is not available. 
Povidone-iodine is also acceptable to prepare the site.  

    Anesthetic 

 Outline the clinical margins of the lesion in indelible 
ink, preferably using a sterile pen, after adequate skin 
preparation but before instillation of anesthetic fluid 
(See Fig.  43.1 ).

   Use 1 or 2 % lidocaine with epinephrine. An allergy to 
procaine (Novacain) is not a contraindication to the use of 
lidocaine [ 1 ]. Buffer the sting with lidocaine (A 10:1 ratio of 
lidocaine: sodium bicarbonate 8.4 % NaHCO 3 ) will minimize 
the pain (1 mL of NaHCO 3  with 9 mL of lidocaine) [ 10 ]. Use 
a small long needle: ½ inch/gauge 27 or 26 or 5/8 inch/gauge 
25. Warm the solution by gently rolling the vial between your 
hands. Inject perpendicular (90°) to the skin. Sensory nerve 
endings branch out like a tree and if the skin is penetrated at 
a 90° angle then the needle intersects fewer nerves [ 11 ]. The 

  Figure 43.1    Inject anesthetic (Courtesy of Andrew M. Swanson MD)       
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first 0.2–0.5 mL should be injected intra-dermally, to form a 
wheal beneath the skin. Then change the angle and slowly 
inject more anesthetic (See Fig.  43.2 ).

   Keep 0.5 mL of palpable anesthetic ahead of the tip of the 
needle. This will anesthetize subdermal nerve endings in 
front of the tip of the needle [ 10 ]. Wait about 5 min for the 
effect of the lidocaine with epinephrine to take effect. You 
can use this time to fill out forms and discuss wound care 
with the patient. Epinephrine is absolutely contraindicated 
in digital and penile blocks because it may compromise 
blood flow [ 10 ].   

    Description of the Procedure 

 This is a clean, not sterile procedure. If the patient is at risk 
of infection, or immunocompromised, it should be done with 
sterile technique.

  Figure 43.2    Make a wheal injecting at 45° (Courtesy of Andrew 
M. Swanson MD)       
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•    Non-sterile gloves  
•   3 ml syringe filled with lidocaine with epinephrine (hemo-

stasis is improved but may cause blanching and obscure 
outline of lesion)  

•   30 g needle 0.5 or 1 inch  
•   Punch biopsy circular blades are available in 2–8 mm 

diameters. A 4 mm punch tool is usually used.  
•   Scissor  
•   Labeled formalin containers  
•   4–0, 5–0 or 6–0 nylon suture  
•   Needle driver  
•   Tissue forceps to close wound not to pick up the specimen    

 Clean the skin, mark with a sterile skin marker. The lesion 
should be outlined in case of blanching due to epinephrine 
with lidocaine. Stretch the skin perpendicular or 90° to the 
Langer’s lines. Langer’s lines are the tension lines and they 
usually run perpendicular to the underlying musculature but 
can vary within individuals (See Fig.  43.3 ).

  Figure 43.3    Pull skin perpendicular to Langer’s lines (Courtesy of 
Andrew M. Swanson MD)       
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   To find the Langer’s lines, gently pinch the skin and look 
for parallel lines, hold tension in the opposite direction of the 
Langer’s lines when the punch is being performed. This will 
turn the round punch hole into a more elliptical defect that 
parallels the skin’s natural tension lines. This procedure will 
allow for a more oval shape and can be closed more easily 
with a suture. Place the circular blade on the skin at a 90° 
angle and twist back and forth until you feel a ‘give’ in the 
skin- you know you are in the fat when the tugging sensation 
is gone. Do not pull the punch tool in and out of the wound 
to check progress (See Fig.  43.4 ).

   When you feel the ‘give’ of the fat then remove the punch 
and depress the skin around the defect and use the injection 
needle to pierce the core specimen and place in container 
(See Fig.  43.5 ).

   You may need to use a scissors to cut the base of the speci-
men to free it up. Avoid using forceps to remove the tissue 
form the defect as they can cause crush artifact of the speci-
men (See Fig.  43.6 ).

  Figure 43.4    Remove the disposable punch without twisting 
(Courtesy of Andrew M. Swanson MD)       
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  Figure 43.5    Avoid crush artifact by removing tissue with injection 
needle (Courtesy of Andrew M. Swanson MD)       

  Figure 43.6    Cut the base of the specimen with a scissors (Courtesy 
of Andrew M. Swanson MD)       
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   Apply pressure over the defect with gauze. Cover with 
white petrolatum. It is a safe wound care ointment for 
 ambulatory surgery procedures and decreases the risk of 
allergic reactions and gram-negative bacterial superinfec-
tions [ 5 ]. Cover the petroleum with dry sterile gauze.  

    Wound Closure with Suture 

 Defects >4 mm close with 1–2 interrupted sutures (See Fig.  43.7 ).
   Secondary intention healing and suturing have similar 

cosmetic results for lesions 1–4 mm in diameter [ 5 ]. Use 4–0 
or 5–0 monofilament nylon suture. Unbraided nylon will 
decrease infection but may be more difficult to use. Use a 
cutting needle. C-17 needles were made to close punch biopsy 
defects. The higher the number of the needle, the larger the 
body and length of the needle is. Grab the needle at about 1/3 
from the eye and insert in the skin perpendicular to the skin 
about 2 mm from the edge of the wound (See Fig.  43.8 ).

  Figure 43.7    Use a cutting needle to suture (Courtesy of Andrew 
M. Swanson MD)       
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       Specimen 

 Label the specimen and provide as much clinical information as 
you can –site, size of punch, history of lesion, treatment of lesion 
prior to biopsy and concomitant diseases if applicable. Place the 
specimen in formalin and send to a dermatopathologist.  

    Postoperative Care 

 Remove the gauze in 24 h. If sutured, remove sutures in 7–10 
days.  

    Complications 

 Complications are rare but include bleeding or infection. If 
bleeding occurs it can be controlled with pressure dressings 
or with sutures. Infection will likely occur within 2 or 3 days 

  Figure 43.8    Close the defect with 1 or 2 interrupted sutures 
(Courtesy of Andrew M. Swanson MD)       
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after biopsy. Watch for redness, swelling, change in drainage 
color, warmth to area, or fevers. Infections can be treated 
with oral antibiotics.  

    Conclusion 

 It is important to remember that, except for lesions in regions 
which make excisional biopsies an impractical solution, punch 
biopsies are not ideal for lesions suspected for melanoma. 
Nonetheless, the punch biopsy is a very helpful tool to diag-
nose many types of skin lesions and its comparative  simplicity 
and relative low cost make the punch biopsy the most effica-
cious procedure in many instances. In fact, for certain lesions, 
punch biopsies can even serve as the treatment.     
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    Abstract     The removal of dermal and subcutaneous lesions 
is one of the most common procedures performed in the 
outpatient setting. General surgeons and surgical advanced 
practice providers along with primary care specialists all per-
form excisional biopsies. This chapter will describe the pre-
operative evaluation, surgical techniques, and postoperative 
care for performing excisional biopsy, specifically the linear 
and elliptical technique.  

  Keywords     Excisional biopsy   •   Dermal lesions   • 
  Subcutaneous mass   •   Lipoma   •   Epidermoid cyst  

        Information and Indications 

 The removal of dermal or subcutaneous lesions is one of the 
most common procedures performed in the outpatient clinic. 
Typical reasons for removal are concern for malignancy, pain 
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and discomfort, change or growth of the lesion, discharge 
from the lesion, previous or recent infection or inflammation 
of the lesion, cosmetic concerns, and clinical diagnosis of the 
mass especially in ones that are difficult to differentiate from 
lymph nodes or solid tumors [ 1 ]. 

 Lipomas and epidermoid cysts are the most common lesions 
removed in an outpatient clinic. Lipomas are soft tissue mesen-
chymal tumors located subcutaneously and consist of mature 
fatty tissue [ 2 ]. Epidermoid cysts are also known as epidermal 
inclusion cysts or epidermal cysts, which are discrete nodules [ 1 , 
 3 ]. They are often called sebaceous cysts, which is a misnomer 
because they are not actually made of sebum [ 1 ]. The cyst walls 
consist of normal epidermis that produces keratin [ 3 ].  

    Preoperative Care 

 Important aspects to the history include onset, related symp-
toms, history of infection or previous surgical procedures to 
area, and/or similar masses on the body. On physical exam, 
one evaluates for skin involvement, mobility, vascularity and 
borders. Cysts have a central pore, round and smooth, and 
tend to be tenser than lipomas [ 1 – 3 ]. Lipomas are soft, irregu-
lar, rubbery, and move freely [ 1 – 3 ]. Cysts are more likely to 
be superficial whereas lipomas can be superficial or deep into 
the fascia [ 1 – 3 ] (Figs.  44.1  and  44.2 ).

    Imaging, such as ultrasound and magnetic resonance imag-
ing (MRI), can be used when the history and physical is in 
question. MRI may help differentiate between benign and 
malignant lesions, such as liposarcomas [ 1 ,  4 ]. Lesions directly 
over the spine can be imaged with an MRI to see if there is 
any communication with the nervous system [ 1 ,  4 ,  5 ].  

    Contraindications 

 Infected epidermoid cysts should be incised and drained 
(I&D) and time allotted for the infection to resolve. If the 
walls of an epidermoid cyst rupture, which is usually associ-
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ated with trauma, the contents within come in contact with the 
surrounding soft tissue, causing an inflammatory response 
indicated by symptoms including erythema, warmth, and mild 
discomfort [ 1 ]. Treatment of an inflamed cyst is not necessary 
unless requested by the patient or it progresses to an abscess. 
Inflamed epidermoid cyst walls are friable making successful 
remove of the entire cyst wall difficult. The use of curette to 

  Fig. 44.1    Inflamed cyst (Courtesy of Jennifer Wilson)       
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scrape the walls of an inflamed cyst may be necessary to 
remove all wall remnants. Recurrence is less likely if the cyst 
is removed when not inflamed. There is increase risk of cel-
lulitis with I&D of an inflamed, non-infected cyst [ 1 ,  4 ,  5 ] 
(Fig.  44.3 ).

       Positioning and Anesthesia 

 The location of the lesion requiring excision will determine 
the positioning of the patient. Proper positioning provides 
access for the clinician while providing comfort for the 
patient. The surgical site should be prepped and draped 

  Fig. 44.2    Lobulated lipoma pre-excision (Courtesy of Jennifer Wilson)       

 

J.B. Wilson



785

appropriately. Local anesthetic can be utilized in most 
instances. Monitored or general anesthesia may be appropri-
ate in some cases with large lesions where proper positioning 
requires the patient to be sedated.  

  Fig. 44.3    Cyst pre-excision (Courtesy of Jennifer Wilson)       
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    Description of Procedure 

    Personal Protective Equipment 

•     Face shield or eye protection  
•   Mask  
•   Gown  
•   Sterile gloves     

    Equipment 

•     Sterile gauze  
•   Surgical marking pen with ruler  
•   10 ml syringe  
•   Scalpel  
•   Needles of various gauges  
•   Local anesthetic  
•   Skin cleaning agent for topical antiseptic  
•   Sterile towels  
•   Towel clamps  
•   Needle driver  
•   Iris, curved and straight scissors  
•   Adson forceps  
•   Hemostats  
•   Skin retractors  
•   Sutures  
•   Electrocoagulation unit  
•   Normal saline  
•   Specimen container  
•   Outer dressing      

    Technique of Procedure 

 Review the risks and benefits of the procedure with the 
patient. Risks include pain, bleeding, infection, seroma or 
hematoma formation, scarring, change in pigmentation, 
delayed healing, change in appearance, skin indentation, skin 
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protrusion, local nerve damage/numbness, loss of muscle 
function, and need for further treatment [ 1 ,  5 ,  6 ]. After dis-
cussing with the patient the risk and benefits of the proce-
dure, informed consent is obtained. 

 Dermal and subcutaneous lesions can be removed with mul-
tiple techniques. The most common methods are by linear exci-
sion, elliptical excision, and punch biopsy. For very small or 
superficial lesions, a punch biopsy may be indicated [ 2 ,  5 ]. The 
linear excision is used more for the removal of lipomas. Elliptical 
excision is used more for cyst removal when it is important to 
ensure the entire cyst sac is excised to prevent recurrence [ 2 ,  5 ]. 

 The patient is placed in a position on the table that pro-
vides adequate access to the lesion. The patient is padded and 
draped appropriately to ensure comfort during the procedure. 
Prep the surgical site with a topical antiseptic and drape in a 
sterile field. Infiltration with local anesthetic may make the 
mass difficult to find. Outlining the area prior to the adminis-
tration of the anesthetic can be helpful in locating the lesion 
before excision. Anesthetize the skin and subcutaneous tissue 
around the lesion. Make a linear or elliptical incision. The inci-
sion should be made over the top of the lesion in the direction 
of the skin tension line also known as Langer’s lines (Fig.  44.4 ).

   Gently use the forceps to grasp skin edges. Dissect through 
the subcutaneous fat if needed to expose the lesion, freeing it 
from any surrounding structures. Perform sharp or blunt dis-
section using a scalpel, iris scissors or hemostat (Fig.  44.5 ).

   Continue to gently dissect the tissue surrounding the 
lesion until it is completely excised. Inspect the area to ensure 
that no remnants of the lesion remain. Provide wound hemo-
stasis whether by direct pressure, cautery, or suture. Close the 
wound in a layered fashion. The skin edges can be approxi-
mated and closed using sutures. Apply an outer dressing if 
indicated (Fig.  44.6 ).

       Postoperative Care 

 Review instructions with the patient and arrange follow up if 
needed. Review signs and symptoms of infection such as ery-
thema, drainage, warmth, tenderness, edema, fever and/or 
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chills. Complications are rare, but include bleeding, infection, 
seroma, hematoma, and/or wound dehiscence. 

 Advantages to performing this procedure in an outpatient 
clinic include the need for fewer instruments and staff, a 
decreased cost for patients, convenience of same day treat-

  Fig. 44.4    Marked incision showing Langer’s lines (Courtesy of 
Jennifer Wilson)       
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ment, and often negates the need for a second appointment 
for suture removal and post-operative check [ 1 ].     

  Fig. 44.5    Dissection of a lipoma (Courtesy of Jennifer Wilson)       
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  Fig. 44.6    Lipoma post-excision by ruler (Courtesy of Jennifer 
Wilson)       
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  A 
  Abdominoperineal resection 

(APR) 
 anesthesia , 432–433  
 indications , 430–431  
 patient positioning , 432  
 post-operative care , 446  
 pre-operative imaging and 

procedures , 431–432  
 procedure 

 anococcygeal ligament , 
441, 442  

 anterior dissection plane , 
442, 444  

 elliptical incision , 441  
 perineal incision , 442, 445  

 robotic , 445–446  
   Abscess drainage 

 anesthesia , 761–762  
 antibiotic therapy , 759  
 complications , 766  
 indications , 760  
 patient positioning , 761  
 post-procedure 

instructions , 766  
 pre-procedure evaluation , 

760–761  
 procedure 

 abscess cavity, loculations 
of , 764, 765  

 anesthetization , 763  
 incision , 763, 764  
 informed consent , 762  
 packing abscess cavity , 

764, 765  
 potential risks, disclosure 

of , 762  
 protective equipment , 762  
 skin preparation , 763  

   ACC   . See  Adrenocortical cancer 
(ACC) 

   Achalasia   . See  Esophageal 
achalasia 

   Adjustable gastric banding 
(AGB) , 237, 244–245  

   Adrenalectomy 
 indications for , 62  
 laparoscopic    (see 

 (Laparoscopic 
adrenalectomy) )  

 open    (see  (Open 
adrenalectomy) )  

   Adrenal incidentaloma , 63  
   Adrenocortical cancer (ACC) 

 laparoscopic adrenalectomy    
(see  (Laparoscopic 
adrenalectomy) )  

 open adrenalectomy    (see 
 (Open 
adrenalectomy) )  
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   AGB   . See  Adjustable gastric 
banding (AGB) 

   Aldosterone producing 
adenoma , 71  

   American College of 
Radiologists (ACR) , 88  

   American College of Surgeons 
(ACS) , 88  

   Anal fi ssure 
 diagnosis , 498  
 etiology , 497–498  
 LIS , 499  
 postoperative 

considerations , 502  
 preoperative care , 499  
 procedure 

 general anesthesia , 499  
 internal sphincter , 500–502  
 open sphincterotomy 

technique , 500, 501  
   Anemia , 154  
   Anorectal abscess 

 anesthesia , 467  
 fi stulotomy , 469–470  
 indications , 464–465  
 patient positioning , 466  
 postoperative 

considerations , 470  
 preoperative preparation , 

465–466  
 procedure 

 bedside drainage, 
candidates , 467  

 digital rectal 
examination , 468  

 elliptical incision , 467  
 18-gauge needle , 467  
 intersphincteric abscess , 

468–469  
 ischioanal abscess , 468  
 local anesthesia , 467  
 patient positioning , 468  
 perianal abscess , 468  
 sterile packing tape , 468  
 supralevator abscess , 469  

   Antirefl ux procedure (ARP) , 194  
 Dor fundoplication 

 advantages of , 200  
 completion of , 201–202  
 creation of , 200–201  

 Nissen fundoplication , 199  
 Toupet fundoplication , 

202–203  
 advantages of , 199–200  
 drawbacks of , 200  

 wound closure , 203  
   Antrectomy 

 indications , 309  
 surgical technique , 310  

   Appendectomy 
 anesthesia , 379  
 complete blood count , 377  
 imaging , 377  
 indications , 376  
 laparoscopic appendectomy 

 abdominal access , 382–384  
 advantage of , 377  
 appendiceal base, 

visualization of , 385, 386  
 appendix, identifi cation of , 

384–385  
 appendix transection , 387  
 bipolar vessel sealing 

system , 385, 386  
 mesoappendix, ligation of , 

385–386  
 patient positioning , 

379, 380  
 pre-tied endoscopic 

ligature , 387  
 skin closure , 388, 389  
 staple line and transected 

areas, inspection of , 
387–388  

 non-operative management , 
378–379  

 open appendectomy , 378  
 abdominal access , 380–381  
 appendix, identifi cation 

of , 381  
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 appendix, ligation of , 
381–382  

 inspection , 382  
 mesoappendix, 

ligation of , 381  
 skin closure , 382  

 patient history and physical 
examination , 376  

 pelvic examination , 376  
 postoperative care , 388  
 pregnancy test , 377  
 preoperative preparation , 379  

   Appendicitis 
 appendectomy    (see 

 (Appendectomy) )  
 Meckel’s diverticulum , 336  

   APR   . See  Abdominoperineal 
resection (APR) 

   ARP   . See  Antirefl ux procedure 
(ARP) 

   Arteriovenous fi stula (AVF) 
 anesthesia , 749  
 brachiocephalic fi stula , 752  
 indications , 748  
 patient positioning , 749  
 postoperative care , 756–757  
 preoperative care , 748–751  
 radiocephalic fi stula 

 Allen’s test , 751  
 anastomosis , 752, 754–756  
 preoperative 

ultrasound , 751  
 Scribner Shunt , 751  

   Axillary lymph node dissection 
(ALND)   . See also 
 Sentinel lymph node 
(SLN) biopsy 

 morbidity of , 116  
 operative technique 

 anesthesia , 121  
 dissection and excision , 

121–122  
 patient positioning , 121  
 skin incision , 121  
 wound closure , 122  

    B 
  Bariatric surgery 

 benefi ts of , 214–216  
 factors , 216–217  
 global number of , 216  
 indications for , 217–218  
 laparoscopic RYGB    (see 

 (Roux-en-Y gastric 
bypass (RYGB)) )  

 sleeve gastrectomy    (see 
 (Sleeve gastrectomy 
(SG)) )  

   Barium esophagram 
 esophageal achalasia , 186, 187  
 LARS, preoperative 

workup , 129  
 type III para-esophageal 

hiatal hernia , 156–157  
   Basilic vein transposition (BVT) , 

753–754  
   Bassini type primary repair , 528  
   Beger procedure , 733, 734, 736  
   Bilateral neck exploration 

 disadvantages , 48  
 “fried egg” appearance , 43  
 inferior parathyroid glands , 45  
 initial dissection for , 42–43  
 merits , 48  
 recurrent laryngeal nerve, 

relationship of , 44, 45  
 single parathyroid adenoma , 46  
 skin closure , 46  
 subtotal parathyroidectomy , 46  
 superior parathyroids , 43, 44  
 vascular pedicle, isolation and 

ligation of , 46  
   Biliopancreatic diversion with 

duodenal switch 
(BPD-DS) , 236  

   Bilroth I (BI) 
gastroduodenostomy , 
313  

   Body mass index (BMI) , 213  
   Brachiocephalic fi stula , 752  
   Braun enteroenterostomy , 314  
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   Breast biopsy   . See  Image-guided 
breast biopsy 

   Breast cancer 
 ALND , 116, 121–122  
 image-guided biopsy    (see 

 (Image-guided breast 
biopsy) )  

 lumpectomy    (see 
 (Lumpectomy) )  

 mastectomy    (see  (Mastectomy) )  
 nipple exploration , 103  
 oncoplastic surgery , 98, 103–104  
 partial mastectomy , 98, 103–104  
 SLN biopsy    (see  (Sentinel 

lymph node (SLN) 
biopsy) )  

 surgical biopsy , 98  
 lesion localization , 99–101  
 surgical procedure , 100–102  

   Breast conservation surgery 
 factors , 99  
 lumpectomy    (see 

 (Lumpectomy) )  
 nipple exploration , 103  
 oncoplastic surgery , 98, 103–104  
 partial mastectomy , 98, 103–104  
 radical mastectomy , 98  
 surgical biopsy , 98  

 lesion localization , 99–101  
 surgical procedure , 100–102  

   Breast Imaging and Reporting 
Data System 
(BI- RADS®) , 89  

   BVT   . See  Basilic vein 
transposition (BVT) 

    C 
  Cameron’s ulcers , 154  
   Carcinoembryonic antigen 

(CEA) , 397  
   Center for Disease Control and 

Prevention , 760  
   Central neck dissection 

 indications , 18–19  
 patient positioning , 20  

 preoperative preparation , 20  
 procedure 

 bilateral central neck 
dissection , 21  

 boundaries , 21  
 curvilinear incision , 20  
 Delphian lymph node , 20  
 left central neck 

dissection , 21–23  
 left recurrent laryngeal 

nerve, partial dissection 
of , 21, 22  

 postoperative care , 24–25  
 post-resection specimens , 

21–22, 24  
 strap muscles, 

division of , 20  
 total thyroidectomy , 20  
 unilateral central neck 

dissection , 21  
 wound closure , 23  

   Cholecystectomy 
 completion of , 638  
 laparoscopic surgery 

 critical view, exposure of , 
636, 637  

 patient positioning , 636  
 port placement , 635  

 robotic-assisted surgery 
 critical view, exposure of , 

636, 637  
 patient positioning , 636  
 port placement , 635  

   Chronic pancreatitis 
 clinical presentation , 730  
 etiologies , 730  
 pathogenesis of , 729–730  
 surgical management 

 anesthesia , 735  
 drainage procedures , 

734–736  
 ERCP , 732  
 EUS , 732  
 Frey procedure , 735  
 indications , 730, 731  
 MRCP , 732  
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 pancreas, exposure of , 
737–738  

 pancreaticojejunostomy , 
740, 741  

 pancreatic resection for , 
734–736  

 parenchyma resection , 
738–740  

 patient positioning , 735  
 preoperative CT scan , 732  
 postoperative care , 

740–742  
 preoperative workup , 731  
 procedure selection , 733  

 treatment of , 730  
   Core needle biopsy , 91–93  
   Cryptoglandular disease 

 anorectal abscess    (see 
 (Anorectal abscess) )  

 fi stula-in-ano    (see 
 (Fistula-in-ano) )  

   Cushing’s syndrome 
 laparoscopic adrenalectomy    

(see  (Laparoscopic 
adrenalectomy) )  

 open adrenalectomy, 
postoperative care , 58  

    D 
  Degree hemorrhoids , 507–509  
   Delayed gastric emptying 

(DGE) , 712, 713  
   Delphian lymph node , 20  
   Dermal and subcutaneous 

lesions 
 anesthesia , 785  
 benefi ts , 787  
 epidermoid cysts 

 contraindications , 782–785  
 defi nition of , 782  
 infl amed cyst , 782, 783  
 preoperative care , 782  

 equipment , 786  
 indications , 781–782  
 Langer’s lines , 787, 788  

 lipomas 
 defi nition of , 782  
 dissection of , 787, 789  
 lobulated lipoma 

pre- excision , 782, 784  
 post-excision by ruler , 

787, 790  
 preoperative care , 782  
 soft tissue mesenchymal 

tumors , 782  
 patient positioning , 784  
 personal protective 

equipment , 786  
 postoperative care , 787–789  
 risks , 786, 787  

   Distal pancreatectomy 
 anesthesia , 716  
 CT imaging , 716  
 indications , 715–716  
 laparoscopic    (see 

 (Laparoscopic distal 
pancreatectomy) )  

 open distal pancreatectomy , 
717–718  

 patient positioning , 716  
 postoperative care , 724, 727  

   Diverticulectomy , 340–342  
   Diverticulitis 

 Meckel’s diverticulum    (see 
 (Meckel’s 
diverticulum) )  

 sigmoid colectomy , 414  
 stoma , 450  

   Dumping syndrome , 313  
   Duodenal surgery, PUD   . See 

 Peptic ulcer disease 
(PUD) 

    E 
  EBTI   . See  Endoscopic 

botulinum toxin 
injection (EBTI) 

   Elbow fi stula , 752  
   Endorectal advancement fl ap , 

477–478  
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   Endoscopic botulinum toxin 
injection (EBTI) , 
191–192  

   Endoscopic dilation (ED) , 185, 
192–193  

   Endoscopic retrograde 
cholangiopancreatogram 
(ERCP) , 732  

   Endoscopic ultrasound (EUS) , 
716, 732  

   Epidermoid cysts 
 contraindications , 782–785  
 defi nition of , 782  
 infl amed cyst , 782, 783  
 preoperative care , 782  

   Esophageal achalasia 
 annual incidence of , 184  
 barium esophagram , 186, 187  
 EBTI , 191–192  
 endoscopic dilation , 185, 

192–193  
 esophageal manometry , 

186–190  
 etiology , 184  
 laparoscopic myotomy , 185  
 pharmacological therapy , 

188, 191  
 POEM , 191, 193  
 surgical myotomy 

 anterior and posterior 
myotomies , 193–194  

 ARP    (see  (Antirefl ux 
procedure (ARP)) )  

 laparoscopic myotomy    
(see  (Laparoscopic 
Heller myotomy) )  

 left thoracoabdominal 
approach , 194  

 thoracoscopic 
myotomy , 194  

 symptoms of , 185  
 upper endoscopy , 186  

   Esophageal cancer , 267  
   Esophageal manometry , 186–190  
   Esophagectomy 

 THE , 290–292  

 abdominal stage 
 celiac 

lymphadenectomy , 272  
 cervical anastomosis , 274  
 diagnostic 

laparoscopy , 270  
 esophageal 

mobilization , 270, 271  
 gastric conduit, 

creation of , 274, 275  
 gastric-emptying 

procedure , 274  
 gastrocolic attachments, 

division of , 272  
 gastrohepatic ligament, 

division of , 270  
 intrathoracic 

anastomosis , 274  
 jejunostomy feeding tube 

placement , 274, 276  
 Kocher maneuver , 272  
 left gastric pedicle, 

division of , 272, 273  
 lymphatic tissue, 

dissection of , 272  
 paramedian 

laparotomy , 270  
 right gastric artery, 

branches of , 274  
 right gastric artery, 

preservation of , 272  
 right gastroepiploic 

arcade , 272  
 short gastric vessels, 

division of , 272  
 upper midline 

laparotomy , 270  
 chest stage 

 azygous vein, division of , 
277, 278  

 cervical anastomosis , 279  
 dissection , 275, 277–278  
 esophagogastrectomy 

specimen , 278, 280  
 intraoperative 

endoscopy , 278  
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 intrathoracic anastomosis, 
creation of , 275  

 intrathoracic esophagus, 
mobilization of , 275, 
277–279  

 transthoracic approach , 275  
 complications , 267  
 EEA/end-to-side stapled 

anastomosis 
 completion of , 287–289  
 delivery tube, 

passage of , 284  
 EEA stapler head, 

insertion of , 284–286  
 excess conduit/conduit tip, 

resection of , 287, 288  
 gastric conduit , 284–287  
 Orvil anvil device , 283–284  
 proximal esophagus, 

division of , 283  
 esophagogastric anastomosis , 

281–282  
 hand-sewn anastomosis , 282  
 ILE , 289–290  
 indications for , 267–268  
 linear stapled anastomosis , 

282–283  
 McKeown 

esophagectomy , 292  
 MIE    (see  (Minimally invasive 

esophagectomy 
(MIE)) )  

 mortality rate of , 266–267  
 neck stage , 279–281  
 postoperative morbidity 

rates , 267  
 preoperative evaluation , 

268–269  
 Sweet/left thoracoabdominal 

esophagectomy , 
292–294  

   Esophagojejunostomy 
 anastomosis, irrigation and 

insuffl ation , 328, 330  
 circular stapled 

technique , 328  

 fi nal aspect , 328, 329  
 jejunal stump, transection of , 

328, 329  
 stay sutures , 328  

   Excisional biopsy 
 breast biopsy , 94  
 of dermal and subcutaneous 

lesions    (see  (Dermal 
and subcutaneous 
lesions) )  

 nipple discharge , 90  
   Extended neck dissection , 29  
   Extrahepatic bile duct resection 

 biliary procedures , 615–616, 
626–629  

 hepatic resection 
 common bile duct 

dissection , 687, 688  
 cystic duct , 686  
 distal portal exposure , 687  
 patient positioning and 

port placement , 686  
 Roux en Y 

hepaticojejunostomy , 
689  

    F 
  Ferguson hemorrhoidectomy , 

513–514  
   Fibrin glue , 479–480  
   Fine needle aspiration (FNA) 

 breast biopsy , 91  
 central neck dissection , 20  
 gastric mass, 

evaluation of , 311  
   Finney pyloroplasty , 303–304  
   Fissure   . See  Anal fi ssure 
   Fistula-in-ano 

 anesthesia , 472  
 indications , 470–471  
 patient positioning , 472  
 postoperative 

considerations , 481  
 preoperative preparation , 472  
 procedure 
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 anal fi stula plug , 478–479  
 digital rectal 

examination , 472  
 endorectal advancement 

fl ap , 477–478  
 fi brin glue , 479–480  
 fi stulotomy , 473–475  
 LIFT procedure , 480  
 seton placement , 474–477  

   Fistulotomy 
 anorectal abscess , 469–470  
 fi stula-in-ano , 473–475  

   FNA   . See  Fine needle aspiration 
(FNA) 

   Follicular cell cancer , 19  
   Frey procedure , 734, 735  

    G 
  Gastric adenocarcinoma , 311–312  
   Gastric resection 

 BI gastroduodenostomy 
reconstruction , 313  

 gastric adenocarcinoma , 
311–312  

 gastric mass, evaluation of , 311  
 gastric wedge resection , 

314–315  
 gastrojejunostomy 

 afferent loop 
obstruction , 314  

 BII reconstruction , 
313–314  

 Braun 
enteroenterostomy , 314  

 Roux-en-Y 
reconstruction , 314  

 GIST , 311  
 lymphadenectomy , 312  
 subtotal gastrectomy    (see 

 (Sub-total 
gastrectomy) )  

 total gastrectomy    (see  (Total 
gastrectomy) )  

   Gastric surgery, PUD   . See  Peptic 
ulcer disease (PUD) 

   Gastric wedge resection , 314–315  
   Gastroduodenostomy , 313  
   Gastroesophageal refl ux disease 

(GERD) 
 complications , 128  
 defi nition of , 128  
 incidence of , 128  
 laparoscopic surgery    (see 

 (Laparoscopic 
anti-refl ux surgery 
(LARS)) )  

 symptoms , 128  
   Gastrointestinal stromal tumor 

(GIST) , 311  
   Gastrojejunostomy 

 absorbable sutures, placement 
of , 232, 243  

 afferent loop obstruction , 314  
 BII reconstruction , 313–314  
 Braun enteroenterostomy , 314  
 EEA circular stapler 

 anvil , 230, 240  
 closure , 230, 241  
 jejunum placement 

in , 230, 239  
 fascial defects, closure of , 232  
 fi nal aspect of , 232, 244  
 gastrojejunal anastomosis 

technique , 229  
 leak test , 232  
 OrVil™ 21 mm device , 229  
 Roux-en-Y reconstruction , 314  
 small bowel opening, excision 

and closure of , 230, 242  
 suture, cutting of , 230, 238  
 transgastric 21 mm stapler 

technique , 229  
 trans-oral technique , 228–229  

   Gastroparesis , 300–301  
   GERD   . See  Gastroesophageal 

refl ux disease (GERD) 
   Ghrelin , 238  
   Gluteus maximus myocutaneous 

fl ap , 495  
   Goiters , 4  
   Graham patch repair 
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 duodenal ulcer with 
perforation , 306  

 indications , 305–306  
 omentum , 307, 308  
 open upper midline 

incision , 306  
 patient positioning , 307  
 standard laparoscopic 

sutures , 307  
 stay sutures , 306–307  

    H 
  Hand-assisted laparoscopic 

right hepatectomy. , 
639, 640  

   Hand-assisted laparoscopic 
splenectomy 
(HALS) , 372  

   Heineke-Mikulicz pyloroplasty , 
301–304  

   Heller myotomy   . See 
 Laparoscopic Heller 
myotomy 

   Hemicolectomy   . See  Right 
hemicolectomy 

   Hemorrhoidectomy 
 closure , 513–514  
 Ligasure and Harmonic 

Scalpel , 515  
 open , 512–513  
 stapled/PPH , 515–516  
 THD , 516–517  

   Hemorrhoid Laser Procedure 
(HeLP) , 511  

   Hemorrhoids 
 anesthesia , 510  
 indications , 506–509  
 patient positioning , 510  
 postoperative 

considerations , 517  
 preoperative preparation , 

509–510  
 procedure 

 hemorrhoidectomy    (see 
 (Hemorrhoidectomy) )  

 infrared/laser 
photocoagulation , 511  

 rubber-band ligation , 
511–512  

 sclerosis , 510–511  
   Hepatobiliary surgery 

 biliary procedures 
 common bile duct 

exploration , 614, 
623–625  

 cut hepatic duct , 630, 631  
 extrahepatic bile duct 

resection , 615–616, 
626–629  

 open cholecystectomy    
(see  (Open 
cholecystectomy) )  

 portal lymphadenectomy , 
629–631  

 right subcostal incision , 612  
 hepatic procedures 

 falciform ligament , 580, 581  
 intraoperative hepatic 

ultrasonography , 
580, 581  

 left hemihepatectomy    
(see  (Left 
hemihepatectomy) )  

 ligamentum teres , 
579, 580  

 right hemihepatectomy    
(see  (Right 
hemihepatectomy) )  

 subcostal incision , 578–579  
 left lateral sectionectomy    

(see  (Left lateral 
sectionectomy) )  

 minimally invasive techniques    
(see  (Minimally 
invasive hepatobiliary 
surgery) )  

   High-grade dysplasia (HGD) , 
267, 268  

   Hürthle cell cancer , 19  
   Hyperthyroidism , 4  
   Hypertrophied anal papilla , 498  
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    I 
  Image-guided breast biopsy 

 accreditation process , 88  
 accuracy , 88  
 certifi cation program , 88  
 complications , 94  
 credentialing programs , 88  
 indications 

 BI-RADS 4 and 5 
lesions , 89  

 nipple discharge , 90  
 palpable breast mass , 89–90  
 skin lesions , 90–91  

 patient follow up , 94–95  
 procedures 

 core needle biopsy , 91–93  
 FNA , 91  
 punch biopsy , 94  
 surgical excision , 94  
 vacuum assisted core 

needle biopsy , 92  
   Immune thrombocytopenia 

purpura (ITP) , 360, 368  
   Inferior mesenteric artery 

(IMA) , 419, 421, 434  
   Inferior mesenteric vein (IMV) , 

419, 421  
   Inferior parathyroid (IPT) , 9–11  
   Infl amed cyst , 782, 783  
   Inguinal hernias repair 

 open inguinal hernia repair    
(see  (Open inguinal 
hernia repair) )  

 TAPP approach 
 abdominal entry , 532  
 bladder mobilization , 

534, 535  
 completed dissection , 536  
 Hasson technique , 532  
 indirect hernia sac 

reduction , 535  
 mesh placement , 536, 537  
 patient positioning , 532  
 peritoneal closure , 537, 538  
 peritoneal incision , 532, 533  
 right indirect , 532, 533  

 testicular vessels , 532, 534  
 vas deferens , 532, 534  

 TEP approach 
 anesthesia , 540  
 bilateral hernias , 545  
 dissecting balloon , 540, 541  
 initial incision , 540  
 lateral peritoneal blunt 

dissection , 542–543  
 mesh fi xation , 543–544  
 spermatic cord 

structure , 543  
 unreduced direct hernias , 

540, 542  
   Intersphincteric abscess , 468–469  
   Intraoperative nerve monitoring 

(IONM) , 5  
   Intraoperative parathyroid 

hormone (IOPTH) 
monitoring , 47–48  

   IPT   . See  Inferior parathyroid 
(IPT) 

   Ischioanal abscess , 464, 468, 469  
   Ivor Lewis esophagectomy 

(ILE) , 289–290  

    J 
  Jaboulay gastroduodenostomy , 

304–305  

    L 
  Laparoscopic adrenalectomy , 52  

 advantages of , 74  
 lateral transabdominal 

approach 
 contraindications , 62  
 indications , 62  
 left adrenalectomy , 67–69  
 patient positioning , 64–65  
 port placement , 65–66  
 postoperative care, 

guidelines for , 70–72  
 preoperative preparation , 

62–63  

Index



803

 procedural steps , 66–67  
 right adrenalectomy , 69–71  

 retroperitoneal approach 
 advantages of , 64, 75–76  
 complications , 75  
 dissection , 79, 81  
 indications , 74  
 insuffl ation , 78  
 left adrenalectomy, 

intraoperative anatomy 
of , 80–81  

 patient positioning , 76–78  
 port placement , 78–79  
 posterior adrenalectomy , 74  
 postoperative care , 82  
 preoperative preparation , 76  
 required equipment , 78  
 right adrenalectomy, 

intraoperative anatomy 
of , 80  

 robotic-assisted , 76  
 specimen extraction , 81  
 wound closure , 82  

   Laparoscopic anti-refl ux surgery 
(LARS) 

 anesthesia , 130  
 angle of his, dissection of , 

134, 136  
 anterior vagus nerve, 

identifi cation of , 134, 135  
 basic instrumentation for , 

130, 131  
 crural closure , 141–143  
 esophageal mobilization , 

134–135  
 gastrohepatic ligament, 

division of , 133  
 greater curvature, 

mobilization of , 136, 
138–140  

 indications , 128–129  
 laparoscopic fundoplication 

 Dor fundoplication , 
146, 148  

 Nissen fundoplication , 
144–145  

 Toupet fundoplication , 
146, 147  

 left crus approach , 135–136  
 left crus, exposure of , 134, 136  
 LINX device , 149–150  
 patient positioning , 130  
 perioperative complications , 

148–149  
 peritoneum, division of , 134, 137  
 phrenoesophageal membrane, 

opening of , 133–134  
 posterior mediastinum, initial 

dissection , 133–134  
 postoperative care , 147  
 preoperative workup , 129–130  
 retroesophageal window, 

creation of , 138, 140–141  
 right crus, dissection 

of , 134, 137  
 short gastric vessels, division 

of , 136, 138–140  
 trocar placement , 131–132  

   Laparoscopic distal 
 pancreatectomy 

 infraumbilical incision , 718  
 lesser sac, entry into , 719  
 pancreas 

 endo GIA stapler , 721, 722  
 fi lmy attachments , 719, 720  
 inferior aspect , 721, 722  
 transection , 721, 723  

 portosplenic confl uence, 
exposure of , 724, 725  

 short gastric arteries , 719, 720  
 specimen , 724, 726  
 splenic artery identifi cation , 

721, 723  
 splenic vein division , 724, 725  

   Laparoscopic Heller myotomy 
 anesthesia , 194  
 equipment , 195  
 initial exposure and 

dissection , 195–197  
 patient positioning , 194–195  
 port placement , 195  
 surgical procedure , 197–199  
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   Laparoscopic splenectomy 
 abdomen, inspection of , 368  
 abdominal access 

 Hasson technique , 363  
 pneumoperitoneum , 

362–363  
 port placement , 363  
 splenomegaly , 364  
 trocar placement , 364  
 Veress needle technique , 

361–363  
 anesthesia , 361  
 complication , 369  
 contraindications , 360  
 HALS , 372  
 hematologic changes , 369  
 indications , 360  
 lateral splenic attachments, 

mobilization of , 366  
 OPSI , 371  
 patient positioning , 

361, 362  
 platelet transfusion , 368–369  
 preoperative splenic artery 

embolization , 361  
 preoperative vaccinations , 

360–361  
 short gastric vessels, 

division of , 365  
 skin closure , 368, 371  
 splenic artery, division of , 

365–367  
 splenic removal , 366, 368, 370  
 splenic vein branches, division 

of , 366, 368, 369  
 stomach mobilization , 365  
 thrombocytosis , 369  

   Laparoscopic surgery 
 cholecystectomy 

 critical view, exposure of , 
636, 637  

 patient positioning , 636  
 port placement , 635  

 hepatectomy , 639  
 inguinal hernias    (see 

 (Inguinal hernias) )  

 LARS    (see  (Laparoscopic 
anti-refl ux surgery 
(LARS)) )  

 paraesophageal hernias    (see 
 (Paraesophageal 
hernias) )  

 sigmoid colectomy    (see 
 (Sigmoid colectomy) )  

 splenectomy    (see 
 (Laparoscopic 
splenectomy) )  

 ventral hernia    (see  (Ventral 
hernia) )  

   LAR   . See  Low anterior resection 
(LAR) 

   LARS   . See  Laparoscopic anti-
refl ux surgery (LARS) 

   Lateral internal sphincterotomy 
(LIS) , 499  

   Left hemihepatectomy 
 cholecystectomy    (see  (Open 

cholecystectomy) )  
 exposure , 594, 595  
 infl ow control 

 caudate lobe, preservation 
of , 594, 598  

 ischemic demarcation , 
594, 599  

 left hepatic artery , 594, 
596, 597, 599  

 left portal vein , 594, 598  
 porta hepatis , 594, 595  

 outfl ow control 
 left hepatic vein , 596, 

600–603  
 ligamentum 

venosum , 596, 601  
 middle hepatic veins , 

596, 600  
 parenchymal transection 

 biliary and vascular 
structures , 601, 606, 607  

 Glisson’s capsule , 601, 
604, 605  

 hepatic parenchyma 
crushing , 601, 606  
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 liver, cut surface of , 
607, 608  

 middle hepatic vein , 
601, 607, 608  

 Pringle maneuver , 601, 603  
 stay sutures , 601, 604  

   Left hepatectomy 
 gastrohepatic ligament , 663  
 infl ow dissection 

 hilar plate , 664  
 left hepatic artery , 665  
 LHD , 669–671  
 LPV , 666–669  

 left triangular and 
coronary ligaments 
dissection , 662  

 liver, ultrasound imaging , 663  
 outfl ow dissection , 671–673  
 parenchymal transection , 

674, 675  
 port placement , 661  
 robotic technology , 663  

   Left hepatic duct (LHD) , 669–671  
   Left lateral sectionectomy 

 exposure , 609  
 infl ow control , 609–611  
 parenchymal transection 

 Pringle maneuver , 611, 612  
 specimen removal , 612, 613  
 stay sutures , 611, 613  

   Left portal vein (LPV) , 666–669  
   LES   . See  Lower esophageal 

sphincter (LES) 
   Level 6 lymph nodes , 18  
   Lichtenstein repair , 528–530  
   Ligation of the intersphincteric 

fi stula tract (LIFT) 
procedure , 480  

   Lipomas 
 defi nition of , 782  
 dissection of , 787, 789  
 lobulated lipoma pre- 

excision , 782, 784  
 post-excision by 

ruler , 787, 790  
 preoperative care , 782  

 soft tissue mesenchymal 
tumors , 782  

   Low anterior resection (LAR) 
 anesthesia , 432–433  
 indications , 430–431  
 laparoscopy , 443–444  
 patient positioning , 432  
 post-operative care , 446  
 pre-operative imaging and 

procedures , 431–432  
 procedure 

 colonic J-pouch , 437, 440  
 digital rectal exam , 436  
 end-to-end circular 

stapler , 436–437, 439  
 hand-sewn colo-anal 

anastomosis , 438  
 IMA and IMV , 434  
 LigaSure™ 

device , 433, 434  
 lower midline 

laparotomy , 433  
 post-chemoradiation 

therapy , 439  
 self-retaining 

retractor , 433  
 sigmoid colon 

mobilization , 433  
 third rectal tumors , 435  
 total mesorectal 

excision , 434, 436  
   Lower esophageal sphincter 

(LES) , 149–150  
   Lumpectomy 

 indications , 98  
 seed/wire localization , 99–101  
 surgical procedure 

 anesthesia , 100  
 incision placement , 

100–101  
 specimen excision , 101  
 specimen, inking of , 

101–102  
 suture , 102  

   Lymph node metastases , 19  
   Lymphoma , 311  
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    M 
  Magnetic resonance 

cholangiopancreatogram 
(MRCP) , 732  

   Marsupialization 
 completed marsupialization , 

487, 490  
 debridement, sacral fascia , 

487, 489  
 interrupted suture , 487, 489  
 interrupted 3-0 vicryl 

suture , 487  
 preoperative 

positioning , 487, 488  
 sinus tract 

identifi cation , 487, 488  
   Mastectomy 

 MRM , 108  
 patient’s choice for , 108  
 radical Halstad 

mastectomy , 108  
 skin/nipple sparing , 112–113  
 total/simple mastectomy 

without reconstruction 
 anesthesia for , 109  
 dissection , 110–111  
 elliptical incision , 109  
 sentinel node 

excision , 108, 109  
 skin fl ap creation , 109–110  
 wound closure , 111  

   McKeown esophagectomy , 292  
   Meckel’s diverticulum 

 computed tomography , 337  
 diagnosis , 337  
 diagnostic 

laparoscopy , 337, 338  
 diverticular infl ammation , 336  
 diverticulectomy , 340–342  
 gastrointestinal tract, 

congenital 
anomaly of , 336  

 GIA stapling device , 340, 341  
 intestinal obstruction , 336  
 location , 336  
 lower intestinal bleeding , 

336, 337  

 open cutdown approach , 338  
 patient positioning , 339  
 postoperative care , 342  
 postoperative 

complications , 341–342  
 pre-operative preparation , 337  
 segmental small bowel 

resection , 340  
 Tc-99 m pertechnetate scan , 

337, 339  
 three port approach , 338–339  
 tubular, infl amed midline 

mass, ultrasound image 
of , 337, 338  

 umbilical access , 338  
   “Meckel’s scan,” 337 , 339  
   Medullary thyroid cancer (MTC) 

 central neck dissection , 19  
 prophylactic MRND , 30  

   Metastatic thyroid cancer , 29  
   Middle thyroid vein (MTV) , 7, 8  
   Milligan-Morgan 

hemorrhoidectomy , 
512–513  

   Minimally invasive 
esophagectomy (MIE) 

 advantages , 297  
 cervical anastomosis , 294  
 diaphragm retraction stitch, 

placement of , 294, 296  
 disadvantages , 297  
 hand-assisted port , 294  
 hybrid procedures , 293  
 learning curve , 293  
 port placement , 294, 295  
 specimen, removal of , 294  

   Minimally invasive hepatobiliary 
surgery 

 cholecystectomy    (see 
 (Cholecystectomy) )  

 hepatic resection 
 extrahepatic bile duct 

resection    (see 
 (Extrahepatic bile duct 
resection) )  

 hepatic cyst unroofi ng , 
690, 691  
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 left hepatectomy    (see 
 (Left hepatectomy) )  

 left lateral segmentectomy , 
676, 677  

 portal lymphadenectomy    
(see  (Portal 
lymphadenectomy) )  

 post-operative 
complications , 638  

 right hepatectomy    (see 
 (Right hepatectomy) )  

 wedge hepatectomy , 
677–681  

   Modifi ed radical mastectomy 
(MRM) , 108  

   Modifi ed radical neck dissection 
(MRND) 

 defi nition of , 29  
 indications , 28  
 MTC , 30  
 postoperative care , 35–36  
 preoperative preparation , 30–31  
 procedure 

 level II and III 
dissection , 32–34  

 levels IV and VB 
dissection , 33  

 medial dissection , 33–35  
 patient positioning , 31  
 skin incisions , 31  

 therapeutic MRND , 29, 30  
   MTC   . See  Medullary thyroid 

cancer (MTC) 

    N 
  National Comprehensive Cancer 

Network (NCCN) 
guidelines , 768  

   Neck dissection 
 central neck dissection    (see 

 (Central neck 
dissection) )  

 MRND    (see  (Modifi ed radical 
neck dissection 
(MRND)) )  

 SND , 29  

   Nipple exploration , 103  
   Nipple sparing mastectomy , 

112–113  

    O 
  Obesity 

 associated co-morbidities , 
214, 215  

 bariatric surgery    (see 
 (Bariatric surgery) )  

 BMI, limitations of , 213  
 categories of weight , 213  
 deaths, cause of , 213  
 defi nition of , 213  
 factors , 214  
 horizontal gastric bypass , 216  
 jejunoileal bypass , 216  
 measures of , 213  
 medical cost of , 213  
 multifactorial disease , 214  
 rates of , 212  
 silicone ring gastroplasty , 216  
 treatment for , 214  
 vertical banded 

gastroplasty , 216  
   Oncoplastic breast surgery , 

98, 103–104  
   Open adrenalectomy 

 adrenocortical carcinoma , 52  
 indications , 52  
 left sided adrenalectomy , 

57–59  
 patient positioning , 53–54  
 postoperative care , 58, 60  
 preoperative preparation , 

52–53  
 right sided adrenalectomy 

 adrenal vein , 55  
 aorta and renal 

arteries, division and 
ligation , 57  

 dissection , 55  
 peritoneal cavity, 

palpation of , 54  
 renal vein , 55, 56  
 subcostal incision , 54  
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   Open cholecystectomy 
 cystic artery 

 course of , 614, 617  
 ligation and division , 

614, 620  
 cystic duct , 614, 621, 622  
 gallbladder dissection , 614, 619  
 gallbladder incision , 612, 

614–616  
   Open inguinal hernia repair 

 anesthesia , 524  
 exposure 

 conjoint tendon , 525–526  
 external oblique 

aponeurosis , 524, 525  
 incision , 524  
 spermatic cord , 526, 527  

 indications , 523–524  
 Lichtenstein repair , 528–530  
 patient positioning , 524  

   Open retromuscular ventral 
hernia repair 

 adhesiolysis , 568  
 Aliss clamps , 568, 569  
 anterior sheath closure , 573  
 complete posterior sheath 

dissection , 568, 570  
 epidural analgesia , 568  
 Kocher clamps , 568  
 mesh placement , 571, 572  
 perforating neurovascular 

bundles , 569, 570  
 posterior sheath closure , 

569, 571  
 Reverdin suture passer , 

571, 572  
   Open umbilical henria repair   . See 

 Umbilical hernias 
   Ostomy   . See  Stoma 

    P 
  Pancreaticoduodenectomy (PD) 

 anesthesia , 701  
 indications , 699–700  
 patient positioning , 701  

 postoperative considerations , 
712–713  

 Whipple procedure 
 antecolic gastrojejunostomy , 

709, 712  
 common bile duct, 

identifi cation and 
division , 705  

 duct-to-mucosa 
anastomosis , 709, 711  

 GDA , 705  
 hepaticojejunostomy.

completion , 708, 710  
 Kocher maneuver , 702  
 pancreas. division of , 

706, 708  
 peripancreatic lymph 

nodes , 701  
 pylorus-preserving 

modifi cation , 710–711  
 retroperitoneal 

dissection , 703  
 right gastric artery , 705  
 skin incision , 701, 702  
 SMA , 706  
 subpancreatic tunnel , 704  
 superior 

pancreaticoduodenal 
vein , 707, 709  

 ultrasound , 702  
 upper jejunum 

mobilization , 706, 707  
 upper midline incision , 701  

   Papillary thyroid cancer 
 central neck dissection    

(see  (Central neck 
dissection) )  

 lymph node metastases , 19  
   Paraesophageal hernias 

 anemia , 154  
 anesthesia , 157  
 asymptomatic patients, 

watchful waiting of , 
154, 155  

 complications , 178–179  
 elective repair , 154, 155  
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 gastric volvulus with 
incarceration , 154, 155  

 hiatal hernia, types of , 
155–156  

 immediate open repair of , 154  
 laparoscopic approach 

 abdominal contents, 
inspection of , 160, 161  

 absorbable synthetic/
biologic mesh, use of , 
160, 173, 176, 177  

 advantages of , 160  
 avascular space, dissection 

of , 161, 165, 166  
 axial tension , 159–160  
 clips, placement of , 162, 170  
 crural closure , 170, 

174–175  
 fundoplication , 176–178  
 gastroesplenic ligament, 

exposure of , 162, 167  
 gastrohepatic ligament, 

division of , 160, 162  
 hernia sac dissection , 

161–163, 165, 172, 173  
 hernia sac excision , 165, 

167, 169, 173  
 hernia sac, opening of , 

161, 164  
 lateral tension , 160  
 left gastric vessels , 

161–162, 166, 167  
 phrenoesophageal 

membrane, division of , 
161, 163  

 port sites, positioning of , 160  
 radiographic recurrence 

rate , 160  
 retroesophageal window , 

165, 172, 173  
 right crus, incision of , 161, 

164, 165  
 short gastric vessels, 

division of , 162, 168, 169  
 stomach mobilization , 165, 

168, 169, 171  

 patient positioning , 157–159  
 post-operative care , 178–179  
 pre-emptive approach , 154  
 pre-operative management 

 barium esophagram , 
156–157  

 chest, computed 
tomography of , 157, 158  

 esophageal manometry , 157  
 upper endoscopy with 

biopsy , 157  
 symptoms of , 154  
 trans-thoracic approach, 

benefi ts and 
disadvantages of , 159  

   Parathyroid adenoma 
 inferior parathyroid 

adenomas , 45  
 lateral mini-incision 

technique , 46, 48  
 pre-operative localization , 

40–42  
 single parathyroid adenoma , 46  
 sporadic pHPT , 40  
 superior parathyroid 

adenomas , 44  
   Parathyroidectomy 

 asymptomatic pHPT , 40, 41  
 bilateral neck exploration 

 disadvantages , 48  
 “fried egg” appearance , 43  
 inferior parathyroid 

glands , 45  
 initial dissection for , 42–43  
 merits , 48  
 recurrent laryngeal nerve, 

relationship of , 44, 45  
 single parathyroid 

adenoma , 46  
 skin closure , 46  
 subtotal 

parathyroidectomy , 46  
 superior parathyroids , 

43, 44  
 vascular pedicle, isolation 

and ligation of , 46  
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 Parathyroidectomy (Cont.) 
 limited exploration 

 anesthesia , 41  
 defi nition of , 46  
 disadvantages , 49  
 IOPTH monitoring , 47–48  
 lateral mini-incision 

approach , 46–48  
 merits of , 49  
 techniques , 46  

 patient positioning , 41  
 pre-operative 

localization , 40–42  
 symptomatic pHPT , 40  

   Partial mastectomy , 98, 103–104  
   PD   . See  Pancreaticoduodenectomy 

(PD) 
   Peptic ulcer disease (PUD) 

 antrectomy , 309, 310  
 gastric resection    (see  (Gastric 

resection) )  
 Graham patch repair    (see 

 (Graham patch repair) )  
 pyloroplasty 

 Finney pyloroplasty , 
303–304  

 Heineke-Mikulicz 
pyloroplasty , 301–304  

 indications for , 300–301  
 Jaboulay 

gastroduodenostomy , 
304–305  

  vs.  pyloromyotomy , 301  
 vagotomy , 308–309  

   Perianal abscess , 468  
   Peroral endoscopic myotomy 

(POEM) , 191, 193  
   Pheochromocytoma 

 laparoscopic adrenalectomy    
(see  (Laparoscopic 
adrenalectomy) )  

 open adrenalectomy , 53  
   Pilonidal cyst , 484  
   Pilonidal disease 

 anesthesia , 486  
 indications , 484, 485  

 patient positioning , 486  
 preoperative preparation , 484  
 procedures 

 cleft closure , 490, 491  
 excision and primary 

closure , 487, 490, 491  
 gluteus maximus 

myocutaneous fl ap , 495  
 incision and 

curettage , 486  
 marsupialization    (see 

 (Marsupialization) )  
 rhomboid fl ap , 493, 494  
 V-Y advancement fl ap , 

491–493  
 Z-plasty , 491, 492  

   Portal lymphadenectomy 
 common bile duct , 629–631  
 minimally invasive 

hepatobiliary surgery 
 Kocher maneuver , 683  
 porta hepatis 

identifi cation , 683  
 portal lymphatic 

tissue , 685  
 port placement , 681, 682  
 posterolateral porta hepatis 

exposure , 683, 684  
   Posterior retroperitoneoscopic 

adrenalectomy , 74  
   Post-splenectomy infection 

(OPSI) , 371  
   Primary hyperparathyroidism 

(pHPT) 
 biochemical diagnosis , 40  
 parathyroidectomy    (see 

 (Parathyroidectomy) )  
 sporadic pHPT , 40  

   Proceed Ventral Patch (PVP) , 
550, 552, 553  

   PUD   . See  Peptic ulcer disease 
(PUD) 

   Punch biopsy , 94  
 anesthetic fl uid , 771–772  
 complications , 777–778  
 indications , 768  
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 postoperative care , 777  
 preoperative care 

 blistering lesions , 769  
 contraindications , 770  
 infl ammatory lesions , 769  
 neoplastic lesions , 769  

 procedure , 772–776  
 skin preparation , 770–771  
 specimen , 777  
 wound closure with suture , 

776, 777  
   Pyloromyotomy , 301  
   Pyloroplasty 

 Finney pyloroplasty , 303–304  
 Heineke-Mikulicz 

pyloroplasty , 301–304  
 indications for , 300–301  
 Jaboulay 

gastroduodenostomy , 
304–305  

  vs.  pyloromyotomy , 301  

    R 
  Radical Halstad 

mastectomy , 108  
   Radical mastectomy , 98  
   Radical neck dissection , 28    . See 

also  Modifi ed radical 
neck dissection 
(MRND) 

   Radiocephalic wrist fi stula 
 Allen’s test , 751  
 anastomosis , 752, 754–756  
 preoperative ultrasound , 751  
 Scribner Shunt , 751  

   RAMPS procedure , 717–718  
   Rectal cancer 

 APR    (see  (Abdominoperineal 
resection (APR)) )  

 LAR    (see  (Low anterior 
resection (LAR)) )  

 ostomies, indications 
for , 450  

   Recurrent laryngeal nerve 
(RLN) injury , 5  

   Renal hyperparathyroidism , 45  
   Retained antrum , 313  
   Retroperitoneoscopic 

adrenalectomy 
 advantages of , 64, 75–76  
 complications , 75  
 dissection , 79, 81  
 indications , 74  
 insuffl ation , 78  
 left adrenalectomy, 

intraoperative anatomy 
of , 80–81  

 patient positioning , 76–78  
 port placement , 78–79  
 posterior adrenalectomy , 74  
 postoperative care , 82  
 preoperative 

preparation , 76  
 required equipment , 78  
 right adrenalectomy, 

intraoperative 
anatomy of , 80  

 robotic-assisted , 76  
 specimen extraction , 81  
 wound closure , 82  

   Right hemicolectomy 
 anatomy , 396  
 complications , 410  
 indications , 396  
 laparoscopic right 

hemicolectomy 
 abdomen, inspection 

of , 404  
 anesthesia , 398  
 lateral-to-medial 

mobilization , 404–407  
 medial-to-lateral 

mobilization , 404–409  
 patient positioning , 398  
 peri-umbilical incision, 

Hasson technique , 404  
 port placement , 404  
 single incision , 409  
 tattooing , 403  
 Veress needle 

technique , 404  
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 Right hemicolectomy (Cont.) 
 open right hemicolectomy 

 anesthesia , 398  
 for benign disease , 

399–400  
 dissection , 399  
 duodenum, identifi cation 

and protection of , 
399, 400  

 hepatocolic ligament, 
ligation of , 399  

 incision , 398–399  
 for malignant disease , 

400–401  
 mesenteric attachments, 

division of , 399–400  
 patient positioning , 398  
 right ureter, identifi cation 

and preservation of , 399  
 side-to-side stapled 

anastomosis , 402  
 transverse non-cutting 

stapler , 402–403  
 wound closure , 403  

 postoperative care , 409–410  
 preoperative preparation , 397  

   Right hemihepatectomy 
 cholecystectomy    (see  (Open 

cholecystectomy) )  
 exposure , 582  
 infl ow control 

 parenchymal 
transection , 586  

 peritoneum overlying , 583  
 right hepatic artery , 

583–585  
 right portal vein , 583, 585  

 outfl ow control 
 multiple draining veins , 

586, 587  
 retrohepatic inferior vena 

cava , 588  
 right hepatic vein , 586–588  

 parenchymal transection 
 biliary and vascular 

structures , 589, 592, 593  

 crushing , 589, 592  
 Glisson’s capsule , 589, 590  
 harmonic scalpel , 591  
 middle hepatic vein , 589, 

593, 594  
 Pringle maneuver , 

588, 589  
 stay sutures , 589, 590  

   Right hepatectomy 
 falciform dissection , 640, 641  
 infl ow dissection 

 hilar plate , 646–647  
 right hepatic 

artery , 648, 649  
 right hepatic duct , 652–655  
 right portal vein (RPV) , 

649–652  
 liver, anterior retraction , 644  
 liver, ultrasound imaging , 643  
 outfl ow dissection , 655–658  
 parenchymal 

transection , 659, 660  
 right triangular and coronary 

ligaments dissection , 
640, 642  

 robotic technology , 643  
 room setup , 639, 640  
 short hepatic veins (SHV) , 

644, 645  
   Robotic abdominoperineal 

resection , 445–446  
   Robotic-assisted right 

hepatectomy , 639, 640  
   Roux-en-Y gastric bypass 

(RYGB) , 218–219  
 alimentary limb, placement 

of , 223, 224, 226, 227  
 alimentary limb, 

position of , 220  
 anesthesia , 219–220  
 antecolic alimentary limb , 

220, 221  
 anti-kinking stich, placement 

of , 226, 230  
 bilio-pancreatic limb, 

placement of , 226, 227  
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 caloric restriction , 219  
 circular stapler 

gastrojejunostomy , 221  
 complication and mortality 

rates , 233  
 complication rates , 244  
 endoscopic linear cutting 

stapler , 226, 228, 229  
 entero-enterostomy, closure 

of , 226, 229  
 enterotomies, creation 

of , 223, 225, 226  
 excess weight loss, percentage 

of , 233  
 gastric pouch creation , 

226, 228, 233–236  
 gastrojejunostomy 

creation    (see 
 (Gastrojejunostomy) )  

 hepatic glucose production, 
decrease in , 219  

 insulin sensitivity, 
increase in , 219  

 jejuno-jejunostomy, 
creation of , 223  

 jejunum, transection 
of , 222, 223  

 ligament of Treitz, 
identifi cation of , 222  

 mesenteric defect, 
closure of , 226, 231  

 mesentery, division of , 
222–223  

 omentum, division of , 226, 232  
 patient outcomes , 243–244  
 patient positioning , 219–220  
 Peterson’s space, 

closure of , 226  
 ports placement , 221–222  
 postprandial changes , 219  
 retrocolic approach , 220  
 side-to-side 

jejunojejunostomy, 
creation of , 226, 228  

 sustained weight reduction, 
comorbidities , 233–234  

 T2DM, postoperative 
remission and relapse 
of , 234–235  

   Roux en Y hepaticojejunostomy , 
689  

    S 
  Salvage esophagectomy , 268  
   Selective neck dissection 

(SND) , 29  
   Sentinel lymph node (SLN) 

biopsy 
 axillary status , 116–117  
 morbidity of , 116  
 operative technique 

 anesthesia , 118  
 blue dye, injection of , 

117–118  
 intraoperative pathologic 

evaluation , 119  
 patient positioning , 118  
 pre-incision 

localization , 118  
 radiocolloid, 

injection of , 117  
 skin incision, 

dissection, and 
excision , 118–119  

 wound closure , 119–120  
   Seton placement , 474–477  
   SG   . See  Sleeve gastrectomy (SG) 
   Sigmoid colectomy 

 anesthesia , 415–416  
 bowel preparation , 415  
 endoscopic evaluation , 415  
 indications , 414–415  
 laparoscopic approach 

 Hassan technique , 420, 421  
 lateral-to-medial 

dissection , 420–422  
 medial-to-lateral 

dissection , 421, 423–426  
 port placement , 420, 421  
 Veress needle 

technique , 420  
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 Sigmoid colectomy (Cont.) 
 open sigmoid colectomy 

 bowel anastomosis, stapled 
technique , 419–420  

 damp laparotomy pads, 
placement of , 417  

 IMA and IMV , 419  
 incision , 416–417  
 lower midline 

laparotomy , 416  
 mesenteric division , 418  
 sigmoid colon 

mobilization , 417–418  
 splenic fl exure, 

dissection of , 418  
 splenocolic ligament, 

division of , 418  
 ureter and gonadal 

vessels , 418  
 patient positioning , 416  
 post-operative care , 426–427  
 pre-operative imaging , 415  

   Single incision laparoscopic 
(SILS) colectomy , 415  

   Skin biopsy 
 excisional biopsy , 768–769  
 non-excisional biopsy , 769  
 punch biopsy    (see  (Punch 

biopsy) )  
   Skin sparing mastectomy , 

112–113  
   Sleeve gastrectomy (SG) 

 angle of HIS , 241, 248  
 BPD-DS , 236  
 complication rates , 244  
 contraindications , 240  
 excess body weight loss , 245  
 fi nal aspect , 242, 256, 259  
 gastric emptying , 237  
 gastric mobilization , 241, 246  
 gastrocolic ligament, division 

of , 241, 246, 247  
 gastrocolic omentum, 

securing , 242, 257–259  
 ghrelin-levels, reduction in , 238  
 global number of , 216, 237  

 hindgut hormones, 
stimulation of , 238  

 initial staple fi ring , 242, 251  
 lower reoperation/

intervention rate , 244  
 3.5 mm height staplers , 242, 

254–255  
 4.1 mm height staplers , 242, 

252–253  
 patient positioning , 241  
 ports, removal of , 242  
 restrictive procedure , 237  
 results of , 236  
 right gastroepiploic arcade, 

division of , 241, 247  
 short gastric vessels, division 

of , 241, 249  
 stomach transection , 242, 250  
 trocar placement , 240–241, 245  
 wound closure , 242–243  

   SLN biopsy   . See  Sentinel lymph 
node (SLN) biopsy 

   Small bowel resection 
 anesthesia , 346–347  
 hand-sewn anastomosis , 

349–350  
 indications , 346  
 laparoscopic procedure 

 adhesiolysis , 352  
 atraumatic graspers, 

use of , 352  
 braided stay sutures, 

placement of , 353  
 closure , 354  
 Hassan technique , 352  
 intra-corporeal 

anastomotic technique , 
352, 353  

 mesenteric division , 353  
 patient positioning , 347  
 port placement , 352  
 small enterotomies , 

353–354  
 specimen, removal of , 353  
 Veress needle , 352  

 open procedure 
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 adhesiolysis , 348  
 Bookwalter/Balfour 

retractors, placement 
of , 348  

 energy device , 348  
 ileocecal valve 

resection , 348  
 mesenteric division , 

348, 349  
 patient positioning , 347  
 transverse abdominal 

incision , 347  
 vertical midline 

incision , 347  
 post-operative care , 354–356  
 preoperative 

preparation , 346  
 stapled anastomosis 

 Army Navy retractors , 
350, 353  

 common enterotomy, 
closure of , 350–351, 354  

 interrupted silk Lembert 
sutures , 351, 355  

 mesenteric defect, closure 
of , 351, 356  

 silk stay sutures, 
placement of , 350, 351  

 small enterotomies , 
350, 352  

   Sphincterotomy , 499–501  
   Splenomegaly   . See also 

 Laparoscopic 
splenectomy 

 HALS , 372  
 patient positioning , 361  
 preoperative splenic artery 

embolization , 361  
 trocar placement , 364  

   Sporadic primary 
hyperparathyroidism , 40  

   Stapled hemorrhoidopexy , 
515–516  

   Stereotactic biopsy , 92  
   Sternocleidomastoid muscle 

(SCM) , 280  

   Stoma 
 anesthesia , 452  
 indications , 450  
 patient positioning , 451–452  
 postoperative care , 456–457  
 pre-operative patient 

counseling , 450–451  
 procedure 

 blunt retraction , 452, 454  
 circular skin incision , 

452, 453  
 circumferential placement , 

456, 457  
 completed loop ostomy , 

456, 458  
 electrocautery , 452  
 gentle retraction , 452, 456  
 rectus muscle , 452, 455  

   Sub-total gastrectomy 
 biliopancreatic and 

alimentary limbs , 319  
 completed gastrojejunostomy , 

321, 322  
 duodenum, division of , 317, 318  
 gastric adenocarcinoma , 312  
 gastrohepatic ligament, 

incision of , 315, 317  
 gastrojejunostomy, creation 

of , 319, 321  
 jejunojejunostomy , 319  
 mesenteric defect, closure of , 

319, 320  
 omentectomy , 315  
 peritoneal cavity, inspection 

of , 315  
 peritoneal washings , 315  
 right gastroepiploic nodal basin 

and artery , 315, 316  
 side-to-side linear stapled 

jejunojejunostomy , 
319, 320  

 stomach transection , 317, 318  
   Superior parathyroid gland 

(SPT) , 9, 12  
   Supralevator abscess , 469  
   Sweet esophagectomy , 292–294  
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    T 
  Tension-free herniorraphy   . See 

 Open inguinal hernia 
repair 

   THE   . See  Transhiatal 
esophagectomy (THE) 

   Therapeutic central neck 
dissection , 19  

   Thyroid cancer 
 central neck dissection    (see 

 (Central neck 
dissection) )  

 classifi cation of , 18–19  
 MRND    (see  (Modifi ed radical 

neck dissection 
(MRND)) )  

   Thyroidectomy 
 anesthesia , 5  
 complications , 13  
 indications for , 4  
 IONM, use of , 5  
 patient positioning , 5  
 postoperative care , 13–14  
 preoperative preparation , 4  
 procedure 

 energy sealing devices , 7–8  
 inferior parathyroid gland, 

identifi cation of , 9–11  
 Kocher transverse 

incision , 6–7  
 manual pressure, 

application of , 6  
 MTV, identifi cation of , 7, 8  
 RLN identifi cation , 11–12  
 SPT, identifi cation of , 9, 12  
 superior pole, dissection 

of , 9, 10  
 wound closure , 13  

   Thyroiditis , 4  
   Total gastrectomy 

 distal esophagus, retraction and 
dissection of , 322, 325  

 duodenum, division of , 325, 327  
 esophagojejunostomy 

 anastomosis, irrigation and 
insuffl ation , 328, 330  

 circular stapled 
technique , 328  

 fi nal aspect , 328, 329  
 jejunal stump, transection 

of , 328, 329  
 stay sutures , 328  

 esophagus, division of , 
325, 327  

 gastric adenocarcinoma , 312  
 gastrohepatic ligament, 

incision of , 322, 323  
 gastrosplenic dissection , 

322, 324  
 jejunojejunostomy , 328  
 left gastric artery, transection 

of , 325, 326  
 lymphoid tissue, dissection 

of , 325  
 mesenteric defect, 

closure of , 328  
 omentectomy , 321  
 omentum, dissection of , 

321–323  
 penrose drain , 322, 325  
 retro-esophageal window, 

creation of , 322  
 right crus dissection , 322, 324  
 right gastroepiploic vessels, 

dissection of , 325, 326  
 Roux-en-Y reconstruction , 328  
 specimen, removal of , 325, 328  

   Totally extraperitoneal (TEP) 
approach 

 anesthesia , 540  
 balloon, dissection of , 540, 541  
 bilateral hernias , 545  
 initial incision , 540  
 lateral peritoneal blunt 

dissection , 542–543  
 mesh fi xation , 543–544  
 spermatic cord structure , 543  
 unreduced direct 

hernias , 540, 542  
   Transabdominal preperitoneal 

(TAPP) approach 
 abdominal entry , 532  
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 bladder mobilization , 534, 535  
 completed dissection , 536  
 Hasson technique , 532  
 indirect hernia sac 

reduction , 535  
 mesh placement , 536, 537  
 patient positioning , 532  
 peritoneal closure , 537, 538  
 peritoneal incision , 532, 533  
 right indirect inguinal hernia , 

532, 533  
 testicular vessels , 532, 534  
 vas deferens , 532, 534  

   Transanal hemorrhoidal 
dearterialization 
(THD) , 516–517  

   Transhiatal esophagectomy 
(THE) , 290–292  

   Truncal vagotomy , 309  

    U 
  Umbilical hernias 

 anesthesia , 548  
 hernia sac , 548, 550  
 preperitoneal mesh repair 

 blunt dissection , 549  
 PVP , 550, 552, 553  

 primary repair , 548–549, 551  
 semicircular infraumbilical 

incision , 548  
 umbilical stalk , 548, 549  

    V 
  Vacuum assisted core needle 

biopsy , 92  
   Vagotomy 

 indications , 308–309  
 selective/highly selective 

vagotomy , 309  
 truncal , 309  

   Vascular access, hemodialysis 
 AVF    (see  (Arteriovenous 

fi stula (AVF)) )  
 BVT , 753–754  

   Ventral hernia repair 
 general anesthesia , 556  
 open retromuscular    (see 

 (Open retromuscular 
ventral hernia repair) )  

 patient positioning , 555–556  
 patient preparation , 556  
 procedure 

 abdominal access , 556–557  
 epigastric vessels, 

identifi cation and 
avoidance , 565  

 herniated omentum , 
558–559  

 mesh, securing of , 563–565  
 mesh selection , 560–562  
 orientation , 562–563  
 port placement , 557–558  
 postoperative care , 566  
 primary fascial closure , 

560, 561  
 wound closure , 566  

    W 
  Wedge hepatectomy , 677–681  
   Whipple procedure 

 antecolic gastrojejunostomy , 
709, 712  

 common bile duct, 
identifi cation and 
division , 705  

 duct-to-mucosa anastomosis , 
709, 711  

 gastroduodenal artery 
(GDA) , 705  

 hepaticojejunostomy, 
completion of , 708, 710  

 Kocher maneuver , 702  
 pancreas, division of , 706, 708  
 peripancreatic lymph 

nodes , 701  
 pylorus-preserving 

modifi cation , 710–711  
 retroperitoneal 

dissection , 703  
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 right gastric artery , 705  
 skin incision , 701, 702  
 subpancreatic tunnel , 704  
 superior mesenteric artery , 706  
 superior pancreaticoduodenal 

vein , 707, 709  
 ultrasound , 702  

 upper jejunum mobilization , 
706, 707  

 upper midline incision , 701  
   Whitehead’s 

hemorrhoidectomy , 515  
   Wrist fi stula   . See  Radiocephalic 

wrist fi stula        
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