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Abbreviations

Key Points

ALI
ARDS
COPD
CT
CXR
DLT
ECG
EGD
EUS
GDFT
GERD
LEA
LES
LVEDVI
MIE
MRI
NGT
OLV
PCA
PEEP
PET
PH
PONV
SLT
TEA
TEF
THE
TTE
UES

• Patients presenting for esophageal surgery frequently have
comorbidities including cardiopulmonary disease which
should be evaluated per published ACC/AHA guidelines.
Particular attention should be paid to symptoms and signs
of esophageal obstruction, gastroesophageal reflux disease
(GERD), and malnutrition which may affect the risk of
perioperative complications.
• Postoperative pain control strategies are dictated by the
surgical approach to the esophagus. Use of thoracic epidural analgesia in patients undergoing transthoracic esophageal surgery provides optimal pain control, permits early
patient extubation and mobilization, and may improve
outcomes.
• Patients presenting for esophageal surgery commonly have
pathology which increases their risk of regurgitation and
aspiration. This is particularly true for patients with achalasia and other motor disorders of the esophagus, patients
with high-grade esophageal obstruction, and those with
severe GERD. Consideration should be given to pharmacologic prophylaxis, awake or rapid sequence induction
in a head-up position, and appropriate postoperative care,
including gastric drainage.
• Excessive perioperative intravenous fluid administration,
especially crystalloid, may lead to exaggerated fluid shifts
toward the interstitial space causing increased complications such as poor wound healing, slower return of GI
function, abdominal compartment syndrome, impaired
anastomotic healing, increased cardiac demand, pneumonia, and respiratory failure. The ideal fluid regimen
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Computerized tomography
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for major esophageal surgery should be individualized,
optimizing cardiac output and oxygen delivery while
avoiding excessive fluid administration.
• Patients presenting for emergent repair of esophageal
disruption, rupture or perforation may present with hypovolemia, sepsis, and shock. Anesthetic management strategies should be based on the severity of these presenting
conditions and the nature of the planned procedure.
• Esophageal anastomotic leak is a frequent complication
associated with high morbidity and mortality and is likely
to be a function of numerous surgical, systemic, and possibly anesthetic factors. Since anastomotic integrity is dependent upon adequate blood flow and oxygen delivery, the
development of anastomotic leak may be related to intraoperative management variables, particularly systemic blood
pressure, cardiac output, and oxygen delivery and may thus
be modifiable by anesthetic management.

Anatomy and Physiology
of the Esophagus
The adult esophagus is a muscular tube, 18–26 cm in length,
which acts as a conduit for the passage of food from the oral
cavity into the stomach (Fig. 30.1). The esophagus begins
at the level of the oropharynx; it then enters the superior
mediastinum behind the trachea and left recurrent laryngeal
nerve and passes into the posterior mediastinum behind the
left mainstem bronchus. It continues caudad, passing posterior to the left atrium but anterior to the descending thoracic
aorta. At the level of T10, the esophagus joins the stomach
at the cardia after passing through the hiatus in the right
diaphragm.
The upper esophagus is supplied by arterial branches of
the superior and inferior thyroid arteries whereas the midesophagus receives its blood supply from the bronchial and
right intercostal arteries as well as branches of the descending
aorta. Distally, the esophagus is supplied by branches of the
left gastric, left inferior phrenic and splenic arteries. Venous
drainage from the upper segment is to the inferior thyroid
veins, from the mid-segment to the azygous veins and from
the lower esophageal segment to the gastric veins. The azygous and gastric veins form an anastomotic network between
the portal and systemic venous systems and are thus the site of
esophageal varices in patients with high portal pressure.
The esophagus receives innervation from both parasympathetic and sympathetic nerves. The parasympathetic input
affects peristalsis via the vagus nerve, originating in the
medulla, whereas both parasympathetic and sympathetic
afferent nerves transmit information to the central nervous
system via the spinal cord. Esophageal neuroanatomic pathways are shared by both the cardiac and respiratory systems,
thus it may be difficult to ascertain which organ is responsible
for chest pain syndromes.

Fig. 30.1. Anatomic relationships between the esophagus, airway,
aorta, diaphragm, and stomach.

Structurally, the esophagus is made up of four layers: the
mucosa, submucosa, muscularis propria, and adventitia. The
muscularis propria carries out most of the motor function
of the esophagus. In the upper third of the esophagus, this
muscularis propria is skeletal muscle but in the distal third it
is smooth muscle, and the mid-section is mixed skeletal and
smooth muscle. The upper esophageal sphincter (UES) is at
the proximal origin of the esophagus where the inferior pharyngeal constrictor joins the cricopharyngeus muscle. UES
tone is contracted at rest thus preventing aspiration of air during normal breathing. The lower esophageal sphincter (LES) is
a 2–4 cm length of asymmetric circular smooth muscle within
the diaphragmatic hiatus. At rest, the LES is contracted, preventing regurgitation of gastric contents. Swallowing elicits a
wave of peristalsis which is under vagal control and carries a
bolus of food from the pharynx to the stomach in 5–10 s. The
coordinated relaxation of the LES allows the food bolus to
enter the stomach.
A number of medications affect LES tone. Drugs known
to decrease LES pressure include anticholinergics, sodium
nitroprusside, dopamine, beta-adrenergic agonists, tricyclic
antidepressant medications, and opioids. Drugs that have been
found to increase LES tone include anticholinesterases, metaclopramide, prochlorperazine, and metoprolol.
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Nonmalignant Disorders of the Esophagus
and Surgical Therapies
Hiatal Hernia, Gastroesophageal Reflux Disease
(GERD), and Esophageal Stricture
Gastroesophageal reflux and hiatal hernia may be present independently or may coexist. Esophageal strictures may be caused
by a number of insults but are frequently related to gastroesophageal reflux. Gastroesophageal reflux is a common disorder and depending on diet and lifestyle, may affect up to 80%
of the population. The term gastroesophageal reflux disease
(GERD) applies when symptoms are more frequent or severe
than the population norm. Pharmacotherapies including histamine blockers and proton pump inhibitors are widely used and
may dramatically ameliorate symptoms and reduce the need
for surgical therapy. Indications for surgery in patients with
GERD include symptoms that are refractory to optimized medical therapy, esophageal stricture, pulmonary symptoms such
as asthma and chronic cough, and severe erosive esophagitis.
GERD frequently coexists with hiatal hernia but many
patients with a hiatal hernia remain asymptomatic. Hiatal hernias include the sliding hiatal hernia (type I) and paraesophageal hernias (PH) (types II, III, IV) (see Fig. 30.2a, b). Sliding
hiatal hernias are most common and occur when the gastroesophageal junction and part of the fundus of the stomach herniate axially through the diaphragm into the thoracic cavity.
Hiatal hernia is associated with a decrease in LES pressure [1]
reducing barrier pressure between the esophagus and stomach,
which in turn promotes reflux. PH occur when a portion of the
stomach, typically the fundus, herniates into the thorax anterolateral to the distal esophagus (see Figs. 30.2b and 30.3).
PH are much less common than type I hiatal hernias and
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c omprise approximately 5–15% of hiatal hernias [2]. PH are
at risk of incarceration and the presence of a PH is thus
considered an indication for surgical repair [3].
Surgical therapies for GERD and hiatal hernia can be
achieved via a number of surgical incisions, but most commonly utilize a laparoscopic approach. Relative to laparotomy
or transthoracic approaches, laparoscopic surgeries may produce considerably less pain, eliminate the need for a tube thoracostomy, utilize smaller incisions which decrease the risk
of postoperative incisional hernias, and provide visualization
for the diagnosis of other intra-abdominal pathology. A transthoracic approach may be preferred for patients with severe
peptic strictures, patients requiring reoperation, and for those
with other intrathoracic pathologies.
The transthoracic total fundoplication (Nissen) is performed through a left lateral thoracotomy (see Table 30.1 for
a summary of thoracic esophageal procedures and anesthetic
considerations). The distal esophagus and the esophagogastric
junction are mobilized with preservation of the vagus nerve and
exposure of the crura and left hepatic lobe. At the surgeon’s
request, the anesthesiologist places a 56–60 Fr esophageal
dilator orally and advances it through the gastroesophageal
junction. The proximal stomach is brought into the chest and
a 2 cm fundoplication wrap is created with the fundus of the
stomach. The dilator is removed and the fundoplication wrap
placed below the diaphragm without tension. A nasogastric
tube (NGT) and a chest drain are left in place postoperatively. Nissen fundoplication yields a high patient satisfaction
rate (90–95%) when the procedure is performed by experienced surgeons [4, 5]. The transthoracic partial fundoplication (Belsey) is similar to the Nissen fundoplication but the
esophageal wrap extends only 240–270° and is thus a partial
fundoplication. The Belsey fundoplication yields a reduction

Fig. 30.2. (a) Type I hiatal hernia (sliding hernia). Note widening of the muscular hiatal orifice that allows cephalad herniation of the gastric
cardia. (b) Type II hiatal hernia (paraesophageal hernia). The leading part of the herniating stomach is the fundus.
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in GERD symptoms comparable to that of the Nissen and may
cause fewer postoperative obstructive symptoms.
Chronic GERD can cause esophageal ulceration which
leads to inflammation and may cause axial esophageal shortening and stricture formation. Medical therapy is inadequate
for symptomatic stricture, though most can be internally
dilated using any one of a number of dilating techniques. After
dilation, surgical therapy aims to reduce reflux and prevent
recurrence. The Collis gastroplasty, classically performed via
a transthoracic approach, aims to lengthen the esophagus to
facilitate a subsequent tension-free fundoplication. This procedure creates a tube of esophageal diameter from the lesser

gastric curvature tissues via surgical stapling so that subsequent intra-abdominal fundoplication can be performed around
the “neoesophagus.” In the context of advanced GERD with
esophageal shortening, Collis gastroplasty combined with a
fundoplication (Belsey) provided relief of GERD symptoms
to 70% of treated patients overall, and to 89% who presented
without dysphagia [6]. The Collis gastroplasty has also been
used for the treatment of advanced GERD without esophageal shortening. Esophageal strictures that are not amenable
to dilation may require esophagoplasty or esophagectomy.
PH can be repaired through a midline laparotomy, a laparoscopic approach, or via thoracotomy. At our institution, most
large PH are repaired through a left thoracotomy. Through a
thoracotomy incision the esophagus can be easily isolated and
encircled, the hernia sac opened, its contents reduced to the
abdomen, and the hiatus narrowed. Esophageal lengthening
and fundoplication procedures are also frequently performed
as part of the same procedure. Both transthoracic and laparoscopic approaches to the repair of PH are associated with
good results, though recurrence rates remain a concern for
both procedures [7, 8].

Esophageal Perforation and Rupture

Fig. 30.3. Chest radiograph demonstrating a large left-sided type 4
paraesophageal hernia.

Esophageal perforation typically occurs in the hospital and
is often iatrogenic. Multiple etiologies of perforation exist
including upper gastrointestinal endoscopy and the traumatic
placement of esophageal dilators, NGTs, and misplaced endotracheal tubes. Perforation or disruption of the esophagus may
also occur from external trauma, typically gunshot wounds or
less commonly, from blunt trauma, from a foreign body, or
chemical ingestion.

Table 30.1. Common transthoracic esophageal procedures and anesthetic considerations.
Surgical procedure

Surgical incision(s)/approach

Anesthetic considerations

Transthoracic total fundoplication (Nissen)
Transthoracic partial fundoplication (Belsey)
Collis gastroplasty

Left thoracotomy

Pain control
One lung ventilation
Aspiration risk

Thoracoscopic esophagomyotomy
Heller myotomy and modified Heller myotomy

Left thoracoscopy (4–5 ports)
Left thoracotomy

Pain control
One lung ventilation
High aspiration risk
Intraoperative esophagoscopy

Transhiatal esophagectomy

Midline laparotomy
Left cervical Incision

Aspiration risk
Risk of tracheobronchial injury, bleeding, cardiac
compression, and dysrhythmias

Transthoracic esophagectomy (Ivor Lewis)

Midline laparotomy
Right thoracotomy
Right thoracotomy
Midline laparotomy
Left cervical incision

Aspiration risk
One lung ventilation
Protective ventilation
Fluid and hemodynamic management to optimize
oxygen delivery
Pain control
Early extubation

Right thoracoscopy (4 ports)
Laparoscopy (5 ports)
Left cervical incision (variable)

Aspiration risk
Protective ventilation
Procedure duration

Three hole esophagectomy (McKewin)

Minimally invasive esophagectomy
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In contrast, esophageal rupture results from a sudden
increase in intra-abdominal pressure with a relaxed LES and
an obstructed esophageal orifice with vomiting, straining,
weight lifting, childbirth, defecation, or blunt crush traumatic
injuries to the abdomen and chest. Spontaneous rupture of
the esophagus during vomiting is known as Boerhaave’s syndrome. This rupture of the distal esophagus occurs under high
pressure which forces gastric contents into the mediastinum
and pleura [9].
Clinical presentation may be related to the mode of injury
but is often nonspecific. Pain is the most common symptom
[10], though fever, dyspnea, and crepitus also present not
uncommonly. Mackler’s triad, often associated with spontaneous esophageal rupture includes chest pain, vomiting,
and subcutaneous emphysema. Soilage of the mediastinum
elicits an inflammatory response that results in mediastinitis. Abdominal perforation may result in peritonitis. These
patients may present with septic shock and are likely to deteriorate rapidly, particularly without aggressive resuscitation
and definitive therapy.
Evaluation for esophageal perforation or rupture includes a
plain film chest X-ray radiography (CXR) which may reveal
mediastinal or free peritoneal air, pleural effusion, pneumothorax, widened mediastinum, and subcutaneous emphysema [11]. Computerized tomography (CT) scan will also
confirm the rupture as evidenced by esophageal edema and
thickening, possible abscess formation, as well as air and/or
fluid in the pleural space. A water-soluble esophagogram will
help to confirm the location and extent of the tear by allowing
visualization of the extravasation of contrast.
Treatment of esophageal rupture or perforation depends
mainly on the extent and location of the tear and the disease
state of the esophagus. The time interval between injury and
repair may also play a role in determining the appropriate
strategy for treatment. Perforation of the cervical esophagus
may be treated solely by drainage; surgical repair is preferred
for thoracic or abdominal esophageal perforations. In a stable
patient without severe esophageal pathology, primary closure of a thoracic or abdominal esophageal perforation can
be attempted. If the area of injury is diseased, an esophagectomy may be required. Early aggressive surgical treatment of
Boerhaave’s syndrome is favored; left untreated this condition is virtually always fatal [9]. Conservative nonoperative
therapies emphasizing aggressive drainage of fluid collections
and appropriate antibiotic therapy are preferred by some clinicians for stable patients with contained esophageal leaks [12]
and may be associated with acceptably low morbidity and
mortality [12, 13]. Case reports and small case series have
also demonstrated the efficacy of treating esophageal perforation and esophageal anastomotic leaks with self-expandable
plastic and metallic stents [14–16].

Achalasia and Motility Disorders
Achalasia is a disease of impaired esophageal motility, most
often affecting the distal esophagus. It affects approximately
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1 in 100,000 persons per year, with an equal gender distribution [17]. The etiology of achalasia is unknown but characteristic features include increased LES pressure, incomplete
relaxation of the LES with swallowing and loss of peristalsis
which causes impaired esophageal emptying. Primary achalasia is due to a complete loss or relative absence of ganglion cells in the myenteric plexus. This causes an imbalance
between excitatory and inhibitory neurons which results in
impaired relaxation of the LES [18]. Other primary motor
disorders of the esophagus include nutcracker esophagus and
diffuse esophageal spasm. Secondary achalasia is most often
caused by Chagas’ disease, a systemic disease due to infection
with Trypanosoma cruzi [19]. Other secondary motor disorders are associated with systemic disease processes such as
scleroderma, diabetes, amyloidosis, Parkinson’s disease, and
neuromuscular diseases of skeletal muscle.
Achalasia progresses slowly and thus when patients finally
present for treatment they are often at advanced stages of the
disease. Symptoms of achalasia include dysphagia, first for
solids and then liquids. As the esophagus dilates, regurgitation becomes a more frequent problem. Patients may describe
chest pain due to esophageal spasm. Weight loss, symptoms
of GERD, history suggestive for aspiration such as pneumonia
and chronic cough are also consistent with achalasia [20].
Radiographic findings in advanced achalasia include
absence of gastric bubble, esophageal dilation, and fluid
filling [21]. Barium swallow reveals the esophageal airfluid level and a characteristic bird’s beak narrowing caused
by the impaired relaxation of the LES [21] (see Fig. 30.4).

Fig. 30.4. This thoracic level barium swallow esophagogram illustrates a classic radiologic feature of achalasia – bird-beak appearance
of the esophagus.
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 sophageal manometry is a sensitive diagnostic test for achaE
lasia and manifestations include elevated LES resting pressure and incomplete relaxation of the LES, aperistalsis of the
esophageal body, and elevated lower esophageal baseline pressure [20]. Treatment goals for achalasia include elimination
of the esophageal outflow obstruction due to the tight LES,
alleviating dysphagia and minimizing gastroesophageal reflux
[20]. Nonsurgical treatments include calcium channel blockers and nitrates, botulinum toxin injection, and balloon dilatation of the LES. The superiority of surgical myotomy with
fundoplication is supported by a recent systematic review and
meta-analysis [22].
Laparoscopic esophagomyotomy is performed with the
patient in modified lithotomy, reverse Trendelenberg position
and includes an anterior longitudinal myotomy of the distal
esophagus, esophagogastric junction, and proximal stomach.
Thoracoscopic esophagomyotomy is performed through a thoracoscope via the left chest which allows for optimal visualization of the lower esophagus and cardioesophageal junction
[23, 24]. The Heller and modified Heller myotomy procedures
are performed via a left thoracotomy incision and differ in the
extent of the myotomy incision and the inclusion of a fundoplication to minimize reflux. The Heller procedure utilizes
a shorter myotomy incision extended only 1 cm or less onto
the stomach. The modified Heller myotomy includes a 10 cm
myotomy incision and a partial anterior gastric fundoplication
to decrease the risk of reflux postoperatively [24].
Minimally invasive laparoscopic and thoracoscopic Heller
and modified Heller myotomy procedures have been shown
to be safe, effective, and durable treatments for achalasia
[25–37]. Patient outcomes after minimally invasive myotomy surgery for achalasia generally favor the laparoscopic
approaches, however. Multiple investigators have found that
patients experience superior dysphagia relief and less postoperative reflux with the laparoscopic approach as compared to
the thoracoscopic approach [25, 28, 32, 33]. This difference
may result from the limitations in extending the myotomy
incision into the stomach and creating a fundoplication wrap
from the thoracoscopic approach.

Tracheoesophageal Fistula (TEF)
Tracheoesophageal fistula (TEF) in adult patients is most
commonly a result of malignancy, though TEF after traumatic
injury [38] and intubation or tracheostomy [38–42] is also
described. Though less common, TEF of congenital origins
has also been reported [43–45]. Rarely, the diagnosis of TEF
may be made intraoperatively [46], in the perioperative period
[43, 47], or in chronically intubated patients [40–42].
TEF can be managed by either surgical or nonsurgical
means, depending largely on the etiology. Nonoperative management of TEF with malignant etiology is generally favored
as the presence of a TEF in association with malignancy generally indicates nonrespectability. Placement of an esophageal stent may provide suitable palliation [48] and survival
is related to tumor biology rather than the fistula itself [48].
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In critically ill patients dependent on mechanical ventilation,
the use of esophageal stents to provide temporary closure of
benign TEF was a safe and effective procedure for palliation
[49]. The treatment of postintubation TEF is more aggressive
and tracheal or laryngotracheal resection with primary closure
of the esophagus has been recommended [50].

Esophageal Diverticula
Esophageal diverticula are classified according to their anatomic location (cervical or thoracic) and pathophysiology
(pseudo- or traction diverticula). Most diverticula are acquired
and occur in an elderly patient population. Pulsion or pseudodiverticula are the most common form and consist of a localized
outpouching which lacks a muscular covering; that is, the wall
consists of only mucosa and submucosa herniating through
the muscle layer. Most pseudodiverticuli are of the Zenker’s
variety, located in the hypopharynx. Epiphrenic diverticula are
located within the thoracic esophagus, typically in the distal
esophagus [51]. True or traction diverticula occur within the
middle one third of the thoracic esophagus as a result of paraesophageal granulomatous mediastinal lymphadenitis usually
due to tuberculosis or histoplasmosis and are characterized by
full-thickness involvement of the esophageal wall. These diverticula are typically small and most are asymptomatic. Complications are uncommon but may include TEF formation.
Clinical presentation of Zenker’s diverticulum usually
includes dysphagia for solid food and regurgitation of undigested food substances. Patients may also complain of halitosis, gurgling associated with swallowing, and symptoms
associated with aspiration such as nighttime cough, hoarseness of voice, bronchospasm, and chronic respiratory infection. Diagnostic confirmation is accomplished with barium
contrast study which clearly demonstrates the diverticulum.
Surgical correction of Zenker’s diverticulum is usually
accomplished via a left cervical incision and includes a cricopharyngeal myotomy. While the myotomy may be sufficient
therapy for small diverticula, larger sacs require diverticulectomy or diverticulopexy [51, 52]. Minimally invasive techniques used to treat Zenker’s diverticulum have included
endoscopic stapling diverticulostomy, fiberoptic endoscopic
electrocautery, and laser coagulation techniques [51–54]. In
general, minimally invasive treatments for Zenker’s diverticulum have yielded satisfactory results in the majority of patients
[54, 55] and most can be performed in an endoscopy unit with
a brief general anesthetic or in an awake patient.
Thoracic esophageal diverticula are usually epiphrenic and
most are found to be associated with an esophageal motor
disorder such as achalasia. While many patients do not have
symptoms specifically referable to the diverticulum, if present
these may be difficult to distinguish from those of the associated motor disorder. Patients who are asymptomatic or present
with mild symptoms are not surgical candidates. Presenting
symptoms may include dysphagia, chest pain, regurgitation
of ingested foods, and symptoms of aspiration. Patients with
epiphrenic diverticula are advised to undergo both barium
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Fig. 30.5. A thoracic level barium swallow esophagogram which demonstrates a large mid-esophageal diverticulum filled with contrast.

s wallow examination (see Fig. 30.5 for barium esophagogram
of a mid-espophageal diverticulum) and esophageal manometry
to delineate any associated pathology such as motility disorder,
malignancy, or stricture. Patients with incapacitating symptom
profiles are referred for surgery.
Surgical goals include resection of the diverticulum and
usually, a myotomy to treat the accompanying motor disorder, with or without an antireflux procedure. The classical
surgical approach has been through a left thoracotomy incision, through which the diverticulum is dissected and excised;
a myotomy and a fundoplication may also be performed.
Results of surgical therapy are favorable, completely eliminating symptoms in 74% of patients [56]. Thoracoscopic and
laparoscopic approaches have also been described but the
number performed is relatively low, commensurate with the
rarity of these lesions.

Malignant Disease of the Esophagus
and Esophagectomy
Esophageal Cancer
Malignant esophageal tumors can be classified on the basis
of histologic types – squamous cell carcinoma and adenocarcinoma, which differ with respect to affected populations,
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incidence, etiology, and risk factors. While squamous cell
carcinoma still accounts for the vast majority of esophageal
cancers worldwide, the incidence of adenocarcinoma has risen
sharply throughout the Western world, now accounting for
nearly half of esophageal cancers in many countries [57, 58].
Potential etiologic and predisposing factors identified through
epidemiologic study include tobacco use and excessive alcohol ingestion, gastroesophageal reflux, obesity, achalasia, and
low socioeconomic status [57].
Clinical presentation of patients with esophageal cancer is
variable; patients may present with symptoms of dysphagia,
odynophagia, and progressive weight loss. Patient evaluation
should include a thorough history and physical examination
with attention to local tumor effects, possible sites of metastasis, and general health. Clinical investigations include the barium contrast swallow study to define esophageal anatomy and
esophagogastroscopy to permit biopsy and definitive identification of tumor type. Both CT scans and magnetic resonance
imaging (MRI) are used clinically for noninvasive staging of
esophageal cancer. Endoscopic ultrasound (EUS) has been
used for imaging of local/regional esophageal disease and
may be considered complementary to CT scanning. Positron
emission tomography (PET) is being used with greater frequency for the purpose of staging esophageal cancer and for
assessing the response to induction chemotherapy.
In an effort to avoid the morbidity, mortality, and expense
associated with esophagectomy, many centers are employing
relatively new approaches to esophageal preservation in patients
with malignant and premalignant esophageal lesions. The close
surveillance of many patients with premalignant disease of the
esophagus has led to the early identification of many cases of
high-grade dysplasia and superficial adenocarcinoma. Advances
in the use of minimally invasive endoscopic techniques permit
the staging of superficial esophageal cancers by endoscopic
biopsy [59, 60] and where appropriate, endoscopic resection of
adenocarcinoma limited to the esophageal mucosa [61, 62].
Unfortunately, patients often present with advanced local/
regional and metastatic disease. The failure of surgery to cure
most advanced local and regional disease and the early systemic
dissemination of esophageal cancers has led to significant interest in improving chemotherapeutic regimens. Chemotherapies
are now routinely used in the context of esophageal cancer both
for palliation of locally advanced and metastatic disease and
increasingly as an adjunct to surgical resection. 5-Fluorouracil
and cisplatin are widely used in combination preoperative therapy for both adenocarcinoma and squamous cell carcinoma of
the esophagus [63]. Combination therapy may improve survival
but appears to also increase the risk of serious therapy-associated
complications [64]. Neoadjuvant chemotherapy with or without
radiotherapy is widely used and is believed to improve curative
resection rate, though survival differences have been difficult to
demonstrate in small studies. A recent review of meta-analyses
investigating neoadjuvant chemotherapy with radiation suggests
an improved pathologic response which may improve survival
but also underscores the need for additional high quality clinical
trials to confirm these findings [65].

422

Esophagectomy
Esophagectomy is indicated for the resection of esophageal cancer without local invasion or metastasis [66], curative resection of high-grade dysplasia [67], and may also be
used for severe nonmalignant disorders including esophageal
injury, nondilatable stricture, severe recurrent GERD, and
achalasia [68, 69]. Esophagectomy surgery can be performed
via a transhiatal approach by laparotomy, a two incision surgery utilizing both laparotomy and right thoracotomy (Ivor
Lewis), a three incision approach (McKewin) which also
requires a cervical incision for anastomosis, and minimally
invasive approaches utilizing laparoscopy and/or thoracoscopy (see Table 30.1). Consideration for the transhiatal, transthoracic, and minimally invasive esophagectomy (MIE) will
be discussed later.
Transhiatal esophagectomy (THE) is performed for tumors
throughout the esophagus but is often preferred for lower
tumors. The primary advantage of this resection is that it
avoids a thoracotomy and the possibility of an intrathoracic
anastomotic leak. This procedure is accomplished via a large
upper abdominal incision which is used to mobilize the stomach and through which transhiatal esophageal dissection is
carried out and a cervical incision through which the conduit
is introduced and the anastomosis is made. The transhiatal
approach to esophagectomy requires the manual dissection of
the esophagus from the mediastinum blindly via the abdominal hiatus.
There continues to be considerable debate regarding the relative risk of THE relative to the transthoracic esophagectomy
(TTE) procedure, both from a surgical and oncologic standpoint. While the morbidity and mortality associated with THE
have declined over the past several decades [70], the advantage of THE over TTE remains controversial with both early
morbidity and mortality advantages demonstrated [71, 72]
and refuted [73]. It is also not clear whether surgical approach
affects long-term survival; a meta-analysis of multiple comparative studies demonstrated equivalent (20%) 5-year survival in both groups [71], though a trend towards an improved
survival in the TTE group has also been reported [72].
The transthoracic approach to esophagectomy is performed
for malignant, premalignant, or nonmalignant disease of the
esophagus and employs an abdominal incision for mobilization of the stomach and formation of a gastric tube or other
esophageal conduit and a right thoracotomy through which
the diseased esophageal portion is resected and the anastomosis is made. The TTE is often preferred when the resection
extends to other mediastinal structures, mediastinal fibrosis is
known or suspected, tumor may involve the airway or vascular
structures, or an intrathoracic anastomosis is required.
The term “minimally invasive esophagectomy” (MIE)
encompasses a variety of surgical approaches to esophagectomy that attempt to minimize the degree of surgical trespass
in one or more body cavities. True MIE using laparoscopy
and thoracoscopy is performed in very few centers. Analo-
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gous to the open procedures, several variants are possible;
the most popular are the minimally invasive equivalents of
the Ivor Lewis and three hole esophagectomies. Thus far, outcome data are limited, but encouraging. In a clinical series of
222 MIE cases, morbidity and mortality outcomes compared
favorably to those of open esophagectomy [74]. Randomized
trials directly comparing MIE with open esophagectomy will
be required before definitive benefits can be declared, but it is
conceivable that advantages with regard to pain control, respiratory complications, length of stay, total cost, and quality of
life may yet be demonstrated.

Esophageal Conduits
Although a variety of conduits have been used after esophageal resection, stomach is usually preferred because of its
excellent blood supply, because it can be readily mobilized
to reach the thorax or neck, and because only one anastomosis is required. However, the stomach may not be a suitable
conduit in the case of prior gastric surgery or tumor involvement. In such cases, an alternative conduit must be used. The
pedicled colonic interposition utilizes a segment of colon with
an attached vascular pedicle as an esophageal replacement
conduit. While the pedicled colon graft has adequate mobility
its use is associated with numerous complications including
conduit redundancy and symptoms related to inadequate food
transit [75–79] which may impact quality of life [76] and longterm outcomes [80]. Additionally, atherosclerotic disease may
affect vascular supply to the colon which may in turn increase
the risk of colonic ischemia and necrosis, a major cause of
morbidity and mortality [81–83].
Jejunum has a number of theoretical advantages over that of
colon for use as an esophageal replacement. First, its diameter
more closely approximates that of the esophagus. Secondly,
it is generally disease free. Additionally, its intrinsic peristaltic activity may improve food transit and reduce symptoms
postoperatively [84–88]. Use of the jejunum for interposition
has previously been limited by the vascular anatomy of the
jejunum. The jejunal mesentery lacks the collateral arcades
of the colon which permit them to reach interposition sites
in the thorax and neck. Ischemia of the interposition graft is
the likely cause of jejunal loop gangrene which plagued early
attempts and led to an interest in vascular augmentation of the
interposition graft, now known as “supercharging.”
Recent advances in microvascular surgery have enabled
specialized centers to expand the indications for jejunal
interposition beyond short-segment esophageal replacement.
Esophagectomy with “supercharged” jejunal interposition
graft is undertaken as a one-stage procedure which includes
esophageal resection, construction of the interposition graft
with esophageal and jejunal reconstruction. The superior
jejunal vascular arcade is “supercharged” by reimplantation into cervical or internal mammary arteries. The inferior
arcade retains its native supply from the superior mesenteric
artery. A recent series utilizing this supercharging technique
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for construction of jejunal interposition grafts for esophageal
reconstruction demonstrated a 92% success rate for discharge
with an intact flap. Ninety-five percent of patients were
discharged on a regular diet and without reflux symptoms
[89, 90]. Despite some successes, this technique remains the
purview of highly specialized centers with multidisciplinary
teams and is considered only in the absence of a suitable gastric conduit.

Anesthetic Management of Esophageal
Surgery Patients
Preoperative Evaluation and Preparation
A thorough history and physical examination should be performed prior to anesthetizing a patient for esophageal surgery.
Comorbid conditions should be evaluated and optimized prior
to surgery. Particular attention should be given to signs and
symptoms of esophageal obstruction, GERD, and silent aspiration. Symptoms of obstruction, particularly dysphagia and
odynophagia, may lead to reduced oral intake and malnutrition which can lead to increased morbidity and mortality [91,
92]. Symptoms of severe GERD with aspiration may include
water brash (hypersalivation in response to reflux), coughing
when supine, globus sensation (feeling of lump in throat), laryngitis, and asthma-type symptoms.
The presence of significant cardiovascular disease has
important implications for patients undergoing major surgical
procedures involving the esophagus. Patients may be evaluated for cardiovascular risk with attention to the ACC/AHA
guidelines for perioperative cardiovascular evaluation [93].
The risk of cardiovascular complications during major surgical procedures of the esophagus may be increased by a number
of factors inherent to surgery and anesthesia care, including
the degree of planned physiologic trespass, hypoxemia, hemorrhage, dysrhythmias, and pain. One lung ventilation (OLV)
is often required for surgery of the esophagus. Oxygenation,
ventilation, and weaning from mechanical ventilation may be
more difficult in the patient with pulmonary disease. The minimum preoperative evaluation of the cardiopulmonary system
should include a twelve-lead electrocardiogram (ECG) and
CXR. A preoperative ECG serves as a screening test for myocardial ischemia and arrhythmias and provides a baseline for
comparison in the event of perioperative cardiac complications. Preoperative CXR may reveal evidence of aspiration
as well as coexisting pulmonary and cardiac disease. Patients
with a history of morbid obesity or chronic lung disease
should also undergo preoperative pulmonary function testing
if the procedure involves a thoracotomy approach.
Patients with severe GERD or those otherwise at risk for
aspiration pneumonitis may benefit from prophylactic medication to increase gastric pH and decrease gastric volume.
Though definitive evidence of risk reduction is lacking, appropriate pharmacologic prophylaxis with H2 receptor antagonists
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or proton pump inhibitors is known to reduce gastric volume
and acidity [94–99] and is thus likely to reduce the incidence
and severity of pneumonitis should aspiration occur.
Patients may present for esophagectomy surgery after having received neoadjuvant chemotherapy which may improve
survival [63, 65]. The chemotherapeutic agents used to treat
esophageal cancer cause bone marrow suppression and
patients often present with some degree of anemia and thrombocytopenia. The need for optimizing patient status prior to
major surgery should be balanced with the risk of delaying the
resection of malignant tumors. Occasionally, severe thrombocytopenia may preclude the preoperative placement of an
epidural catheter in which case alternative plans for analgesia
should be made.

Intraoperative Monitoring
In general, intraoperative monitoring for esophageal surgery
cases should be commensurate with the degree of physiological trespass inherent in the planned procedure and the nature
and severity of patient comorbidity. Routine monitoring
should include pulse oximetry, noninvasive blood pressure
monitoring, and electrocardiography. Since many patients
presenting for esophageal surgery have comorbid disease
of the cardiovascular and respiratory systems, consideration
should be given to invasive monitors where appropriate. With
the exception of patients with advanced cardiovascular or pulmonary disease, routine intraoperative monitors will generally suffice for those patients presenting for endoscopic and
minimally invasive procedures limited to the abdominal cavity. Transthoracic approaches to the esophagus generally mandate a more aggressive approach to monitoring. An indwelling
arterial catheter for continuous measurement of systemic arterial blood pressure is the standard of care for these procedures.
Surgical manipulation of thoracic and mediastinal structures
can profoundly affect determinants of cardiac performance
including venous return and cardiac filling and may contribute
to the development of dysrhythmias, all of which can compromise cardiac output and hemodynamic status. In addition,
many of these procedures require lung isolation and OLV, a
ventilation strategy which substantially limits arterial oxygenation. Surgical dissection can lead to unexpected bleeding,
occasionally massive in nature. Point of care testing of arterial blood samples can aid in the assessment and maintenance
of adequate arterial oxygenation, acid base status, as well as
hemoglobin and electrolyte concentrations.
In the patient with normal cardiovascular reserve, central
venous access is not generally necessary and does not provide
useful information for volume management. Nonetheless,
central access may be required in patients with very limited
peripheral venous access, especially obese patients in whom
it may be difficult to re-establish lost venous access intraoperatively, patients requiring emergency surgery for esophageal trauma or perforation as septic complications can rapidly
ensue, and those patients who are likely to require vasopressor
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or inotropic support. Patients undergoing esophageal surgery
should also undergo bladder catheterization for decompression and for the monitoring of urine output. Temperature monitoring is easily accomplished via a probe in the oropharynx,
axilla, or bladder catheter. Euthermia can be achieved by use
of commercially available forced warm air heating blankets
and fluid warmers.

Pain Control
Pain control after esophageal surgery is dictated largely by
the surgical approach to the esophagus. Most patients undergoing endoscopic surgery of the esophagus have little pain
postoperatively and thus do not require an aggressive plan for
analgesia. Similarly, a laparoscopic approach is generally not
associated with high analgesic requirement postoperatively.
However, the thoracotomy incision utilized in most transthoracic esophageal surgeries is one of the most painful surgical
incisions in common use. As such, anesthetic techniques for
postoperative pain control play an extremely important role
in optimizing outcomes after transthoracic esophageal procedures. Although a variety of pain control approaches have
been utilized, most centers favor the use of thoracic epidural
analgesia (TEA) for its excellent analgesia [100, 101], favorable safety profile, cost savings [102, 103], its potential role
in improving outcomes after transthoracic esophageal surgery
[103–107], and as a component in multimodal strategies to
expedite patient mobilization and recovery after esophagectomy [108–111].
In comparison to parenteral opioid pain therapy alone, TEA
provides superior analgesia after esophagectomy [100, 101]
and is considered by many surgeons and anesthesiologists to
represent the “gold standard” with regard to postoperative pain
control after thoracotomy in general. However, for technical
and safety reasons, not all patients are suitable candidates for
the placement of thoracic epidural catheters. For patients in
whom TEA is not possible but epidural analgesia per se is not
contraindicated, lumbar epidural analgesia (LEA) may represent a compromise approach for analgesia after thoracoabdominal esophagectomy though pain control postoperatively
is inferior to that obtained by TEA [112].
A variety of nonneuraxial techniques have been studied
and recommended for postthoracotomy pain control; the
most promising of these include intrapleural, intercostal, and
paravertebral approaches. Intercostal nerve catheters in combination with patient controlled analgesia (PCA) have been
compared with TEA producing mixed results [113, 114].
Intrapleural and thoracotomy wound catheters have also been
utilized, though rigorous comparison to standard therapies
are lacking [115, 116]. Paravertebral blockade has shown
promise as an alternative therapy [117] with analgesic efficacy comparable to that of TEA by randomized trial [118] and
meta-analysis [119] and with a favorable side-effect profile
[119] and has been advocated as a superior modality by several authors [120, 121]. Whether paravertebral analgesia will
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replace TEA for postthoracotomy pain may depend on the
identification of outcome advantages that have thus far been
ascribed only to TEA.
Specific epidural management strategies should ideally consider the dermatomal range of incision(s), the impact of incisional pain on respiratory function, the likelihood and impact
of respiratory depression, and the intraoperative impact of an
epidural induced sympathectomy on hemodynamic status.
Since the thoracoabdominal esophagectomy requires both thoracotomy and laparotomy incisions, any plan for postoperative
pain control should address this fact. A variety of management
strategies have been reported, but most centers which perform
transthoracic and thoracoabdominal esophageal surgeries utilize a multimodal approach to pain management including
preoperative placement of a thoracic epidural catheter unless
contraindicated, intra- or postoperative bolus and infusion of
a dilute local anesthetic such as ropivacaine or bupivacaine
along with fentanyl or hydromorphone. An additional epidural bolus of preservative free morphine may provide a wider
neuraxial spread and may provide synergism with the infused
local anesthetics, but requires postoperative respiratory monitoring because of the possibility of delayed respiratory depression. Whether to bolus or infuse epidural local anesthetics
pre- or intraoperatively has been a subject of debate among
anesthesiologists. Arguments that a preemptive initiation of
analgesia might provide better acute and chronic pain control
have been based largely on theoretical considerations. Results
thus far are mixed, suggesting that preoperative dosing of epidural catheters may produce better acute pain control [122,
123]. Although acute pain after thoracotomy has been shown
to predict chronic pain [124], the efficacy of preemptive epidural analgesia on preventing chronic postthoracotomy pain is
not supported by a recent meta-analysis [123].

Induction and Airway Management
Induction of general anesthesia and airway management in
patients undergoing esophageal surgery is dictated largely
by patient factors including cardiopulmonary status, hemodynamic and nutritional status at the time of induction,
mediastinal mass effect if any, perceived risk of aspiration
pneumonitis, and procedural factors including anticipated
length of and nature of the procedure (i.e., if OLV is required
for an intrathoracic procedure). Patients presenting for emergency procedures of the esophagus and stomach may lack the
desired preoperative evaluation of cardiopulmonary status
and can present with unstable hemodynamic or pulmonary
status from a variety of factors including underlying cardiopulmonary disease, aspiration, sepsis, acute respiratory distress syndrome (ARDS), or hemorrhage. Most practitioners
favor intravenous induction agents such as propofol, thiopental, etomidate, or ketamine in conjunction with a rapidly acting neuromuscular blocking agent such as succinylcholine or
rocuronium to facilitate smooth induction of anesthesia and
rapid tracheal intubation.
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Patients presenting for elective esophageal procedures
will be stable at induction but complications arising from the
presence of a mediastinal mass may accompany the induction of anesthesia, positive pressure ventilation, and muscle
relaxation. Tracheobronchial compression or obstruction and
cardiovascular collapse associated with anesthetic induction
in patients with anterior mediastinal masses have been well
described and is discussed in Chap. 14. Airway compromise
has also been reported spontaneously or during the conduct of
anesthesia in patients with posterior [125–129] and superior
[130–132] mediastinal masses. Posterior mediastinal masses,
including those of esophageal origin [125–127] and the
dilated esophagus itself [133] may impinge on the airway and
cause obstruction. The trachea is most easily compressed posteriorly because of the lack of cartilaginous support, and thus
posterior compression can result in near complete expiratory
obstruction [129]. The identification of patients with mediastinal masses who are at risk for cardiopulmonary complications
is imprecise but specific factors associated with increased risk
have been reported [134] and may aid in management.
Anesthetic management of patients for esophageal surgery
presents an additional challenge with regard to the perceived
risk of aspiration. Patients in need of esophageal surgery are
widely considered to be at elevated risk of aspiration and
its sequelae [135–138] (see Fig. 30.6) and the use of rapid
sequence induction techniques are widely used and advocated
[136, 137]. Those patients with severe gastroesophageal pathology, particularly those with obstructive disease and dysmotility syndromes may represent high-risk subgroups but clear risk
stratification is lacking. Achalasia, in particular, has been asso-

Fig. 30.6. CT scan of the thorax which demonstrates multifocal
bibasilar consolidations consistent with the patient’s history of aspiration pneumonitis.
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ciated with spontaneous aspiration pneumonitis [139, 140] and
these patients may benefit from longer periods of NPO status.
Practice guidelines for preoperative fasting have been published [141] and effect of fasting regiments has been reviewed
[142] but apply to healthy patients undergoing elective surgical procedures. Optimal periods of NPO status in patients with
severe gastroesophageal pathology are not known.
Rapid sequence induction and intubation has been widely
advocated in patients thought to be at elevated risk of regurgitation and aspiration. This technique has classically referred
to the rapid intravenous administration of induction agent and
muscle relaxant, accompanied by the application of cricoid
pressure (Sellick maneuver) and immediate laryngoscopy
and tracheal intubation without intervening positive pressure
ventilation. The rationale underlying this approach is that
(1) the cricoid cartilage is positioned anterior to the esophagus, (2) that downward pressure on the cricoid cartilage on
a patient in the supine position would be transmitted to the
esophagus, occluding the esophageal lumen by compressing it
against the adjacent vertebral body, and (3) that this compression would result in a clinically significant effect on passive
regurgitation, and thus aspiration in the anesthetized patient.
Arguably, rapid sequence induction with cricoid pressure has
represented the standard of care for patients at risk for pulmonary aspiration in many centers. There is currently, however,
considerable controversy regarding the efficacy and safety of
this maneuver [143, 144]. There is also a growing awareness
that the assumptions underlying the use of cricoid pressure and
the efficacy of cricoid pressure in preventing regurgitation and
aspiration remain unproven. Pressure applied to the cricoid
cartilage increases the lateral displacement of the esophagus
without reliably compressing it [145]. Though a recent study
has shown that cricoid pressure compresses the hypopharynx,
decreasing its diameter by 35%, it is not known whether this
is sufficient to obliterate the lumen [146]. Cricoid pressure
also displaces and compresses the airway [145], potentially
increasing the difficulty associated with airway management
[147, 148], and is contraindicated in the context of known or
suspected cricoid or tracheal injury, unstable cervical spine,
and during active vomiting. Additionally, cricoid pressure is
not without risk, having been associated with fracture of the
cartilage [149] and a variety of other risks [147, 148, 150].
It is also worth noting that cricoid pressure is associated with
a decrease in LES pressure and esophageal barrier pressure
[151] which could increase the risk of passive regurgitation
in the anesthetized patient. This is consistent with the welldescribed phenomenon of regurgitation and aspiration during
the application of cricoid pressure [135, 152, 153]. Finally,
reviews of the available evidence regarding the efficacy of
cricoid pressure in preventing aspiration in the context of
rapid sequence induction fail to support the notion that it
decreases the risk of aspiration [148, 154]. Since our current
understanding of aspiration and the protective effects of cricoid pressure, if any, are incomplete, the decision to apply
cricoid pressure in the context of a rapid sequence induction
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should be individualized and based on an understanding of the
relevant anatomic and physiologic principles and the specific
clinical context.
Though there is little definitive evidence with regard to
practical aspects of aspiration pneumonitis risk reduction to
guide the practitioner, we suggest the following approach.
If there is any anatomic or historical evidence to suggest a
difficult intubation, serious consideration should be given to
intubation in the awake patient, particularly for patients at
highest risk of aspiration – those presenting with achalasia,
high-grade esophageal obstruction and those requiring emergency procedures with full stomachs. For those patients with
airways judged to be easily manageable, the use of a rapid
sequence induction is prudent. Minimizing the time between
loss of consciousness, muscle relaxation, and tracheal intubation with a lubricated cuffed tube is likely to reduce risk.
It is also worth considering the possible effect of patient position on aspiration risk. A head-up or reverse Trendelenberg
position may reduce the passive reflux of gastric contents and
aspiration risk [155–157] in addition to the known benefits
of this position on pulmonary mechanics, particularly in the
obese patient and has been previously advocated [135, 155].
The suggestion that aspiration of gastric contents may be a
contributing factor in the development of pulmonary complications in thoracic surgery patients is derived, in part, from
evidence of intraoperative tracheal aspiration in intubated
patients undergoing thoracotomy [158]. In this study, premedication with ranitidine decreased the incidence of measured
gastric acid regurgitation but effects on reduction of tracheal
acid aspiration were not statistically significant. Clearly, acid
aspiration in patients intubated with double lumen endotracheal tubes (DLT) is possible [158] though dye studies suggest that gel lubrication of the tube cuff may reduced leakage
and aspiration [159, 160]. Other strategies to minimize the
risk of tracheal aspiration in patients undergoing esophageal
surgery include appropriate preoperative suctioning of the
NGT if present, and of the NGT and oropharynx prior to tracheal extubation. A low level of continuous suctioning of the
NGT after major esophageal surgery may also help reduce
the incidence of subacute and chronic aspiration postoperatively [161].

Intraoperative Management
After the induction of general anesthesia and tracheal intubation, the maintenance of anesthesia can be accomplished by
a variety of approaches, though many authors prefer a balanced anesthetic technique with the use of a volatile inhalational agent such as isoflurane, sevoflurane or desflurane, a
nondepolarizing paralytic agent, intravenous opioids, and opioids and/or local anesthetic agents via an epidural catheter if
present [109, 111]. As volatile anesthetic agents are known
to precondition the myocardium against subsequent ischemic
insult, there is a theoretical advantage in the use of these
agents. Given the overlap of risk factors for coronary disease
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and esophageal disease, patients presenting with surgical
esophageal disease may also be at risk for myocardial ischemia and thus may benefit from such protection, though clinical evidence of benefit in this population is lacking. A total
intravenous anesthetic with propofol infusion is also a viable
option, though this technique lacks the theoretical advantage
of myocardial preconditioning and is likely to be significantly
more expensive, particularly for longer surgeries.

Lung Isolation and One Lung Ventilation
Surgical approaches to the thoracic esophagus have been greatly
facilitated by the development of techniques for lung isolation
and OLV. In most major centers, lung isolation and OLV are
considered the standard of care for transthoracic approaches to
the esophagus and are essential for thoracoscopic esophageal
surgery. The most commonly utilized modalities are DLT and
endobronchial blockers. Left-sided DLT are most commonly
employed for transthoracic esophageal surgery and they have
the advantage of being easily placed by experienced practitioners, providing excellent lung isolation and operating conditions while providing access to both lungs for suctioning,
ventilation, and oxygen administration. Additionally, because
the left mainstem bronchus is longer than that of the right,
positioning is more easily accomplished without compromising left upper lobe ventilation.
However, the use of a DLT may be relatively or absolutely contraindicated in some patients or may be difficult to
achieve, necessitating another approach. First, endotracheal
intubation with a DLT may require more time than with a
single lumen tube [162]. This may increase the risk of aspiration in the high-risk patient particularly in the context of a
difficult airway. The use of adjunctive airway devices such as
the endotracheal tube introducer may be more difficult with
a DLT [163], though difficult endotracheal intubation with a
DLT can be aided by the use of adjunctive devices such as
the Glidescope video laryngoscope [164] or the Airway Scope
[165]. Additionally, some patients may present with anatomic
abnormalities of the airway such as subglottic stenosis or
extrinsic compression of the trachea or either mainstem bronchus. Passage of a DLT may be difficult or even dangerous in
this context. If it is likely that the patient will require postoperative mechanical ventilation or if extubation is delayed for
another reason, exchanging the DLT for a single lumen tube at
the end of surgery places the patient at additional risk for loss
of airway and aspiration.
The above limitations of DLT have prompted interest in
the use of endobronchial blockers for esophageal surgeries.
A detailed discussion of endobronchial blockers and their
applications can be found in Chaps. 16 and 17. Endobronchial
blockers are placed through (coaxially) or occasionally alongside single lumen endotracheal tubes (SLT) and can be used in
patients with tracheostomies. The use of endobronchial blockers is well described for thoracic procedures, including esophageal surgery [166] and is preferred by some authors [163]

30. Anesthesia for Esophageal Surgery

because of the perceived reduction in aspiration risk with the
use of the SLT and rapid sequence induction, the improved
ease of managing difficult airways, and lung collapse scores
equivalent to that of the DLT [167].

Fluid Management
Fluid requirements vary widely between patients and procedures and ultimately represent the sum of preoperative deficits,
maintenance requirements, and ongoing losses. Preoperative
fluid deficits in patients with severe esophageal disease may
be substantial, though they have not been well defined. Fluid
requirements in patients undergoing esophageal procedures
may be complicated by the fact that patients may be relatively
hypovolemic after long preoperative fasts, particularly if
esophageal obstruction or dysphagia limit fluid intake. Perioperative losses occur via a number of mechanisms including
urinary, gastrointestinal, and evaporative losses, bleeding, and
interstitial fluid shifting. This shift of fluid from the vascular
compartment into the interstitial space accompanies surgical trauma and is likely to reflect vascular injury and loss of
endothelial integrity. So called “third space” losses describe
fluid loss into noninterstitial extracellular spaces which are
not in equilibrium with the vascular compartment and thus
considered to be a “nonfunctional” extracellular fluid compartment. This space has not been well characterized and its
existence has been questioned [168].
In general, minor procedures and those involving minimally
invasive surgical procedures tend to be associated with low
fluid requirements. Patients undergoing longer and more complex procedures involving open abdominal and/or thoracic
incisions may require significantly more intraoperative fluid
to maintain homeostasis. Despite many studies in the area of
perioperative fluid balance and fluid therapy, a consensus of
best practice does not yet exist. However, recent advances
in understanding the pathophysiology of fluid shifting in the
perioperative setting, advances in the clinical management
of fluid balance, and the application of advanced monitoring modalities to drive rational goal directed fluid therapies
(GDFTs) justify several conclusions.
First, excessive perioperative intravenous fluid administration, particularly crystalloid, is likely to contribute to an exaggerated fluid shifting towards the interstitial space, potentially
increasing complications associated with poor wound healing, slower return of GI function, abdominal compartment
syndrome, impaired anastomotic healing, increased cardiac
demand, pneumonia, and respiratory failure [169]. Prospective
trials examining “liberal” vs. “restrictive” fluid regimens in
patients undergoing major surgical procedures generally favor
greater fluid restriction [170–172] as do retrospective studies
of patients undergoing pulmonary resection surgery [173–175]
and esophagectomy [176, 177]. Interpretation of these prospective trials is limited, however, by a lack of standard definition of the terms “restrictive” and “liberal.” What is liberal in
one study may be restrictive in another. Retrospective analyses
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are limited in this regard by the potential for uncontrolled bias.
Most studies of both types, however, are consistent with the
idea that crystalloid overload rather than fluid overload, per se,
is most closely related to adverse outcomes, but these studies
do not permit identification of a suitable fluid regimen most
compatible with favorable outcomes. However, inadequate
fluid resuscitation in patients with significant fluid losses may
cause hypovolemia and subsequently, a decrement in stroke
volume, cardiac output, and tissue oxygen delivery which
could compromise renal function, wound healing, anastomotic
integrity, and even cardiovascular stability. Optimizing fluid
regimens is likely to be dependent upon adequately measuring
fluid requirements or surrogates thereof in individual patients
rather than relying upon formulas for “restrictive” or “liberal”
regimens. While fluid requirements have not been well characterized in patients undergoing esophageal surgery specifically, recent evaluation of crystalloid requirements to maintain
the left ventricular end diastolic volume index (LVEDVI) in
patients undergoing colorectal surgery has been made. The
rate of crystalloid infusion required to maintain LVEDVI in
patients undergoing open and laparoscopic colorectal surgery
was 5.9 and 3.4 mL/kg/h, respectively [178]. However, interindividual variability was high, consistent with the need for
an individualized approach. Fluid requirements for thoracic
surgical procedures or for esophageal surgeries in particular
are not known.
Clearly, an ideal fluid regimen for major surgeries including esophageal surgeries is individualized and optimizes cardiac output and oxygen delivery while avoiding excessive
fluid administration. There is an emerging body of evidence
that fluid therapies which are designed to achieve individualized and specific flow-related hemodynamic endpoints
such as stroke volume, cardiac output, or measures of fluid
responsiveness such as stroke volume variation (collectively
referred to as GDFT) may provide a superior alternative to
fixed regimens or those based on static measures of cardiac
filling such as central venous pressure which does not predict
fluid responsiveness or correlate with circulating blood volume in hospitalized patients [179] or after TTE [180]. GDFT
in the setting of major surgery has been shown to reduce the
length of stay [181–188], promote earlier return of bowel
function [181], reduce postoperative nausea and vomiting
(PONV) [181], morbidity [183–185, 189], and vasopressor
use [190]. A review of nine studies utilizing GDFT revealed
that of these, seven reported reduced hospital length of stay,
three reported reduced PONV and ileus, and four reported a
reduction in complications [191].
The use of GDFT for fluid management in thoracic surgery
is currently in its infancy and most available studies are small
and have investigated primarily patients undergoing cardiac
surgery. In addition to the pulmonary artery catheter-derived
cardiac output measurements which are not generally used
for most general thoracic surgeries and the transesophageal
echocardiographic and esophageal Doppler modalities which
are inappropriate for esophageal procedures, a number of

428

minimally invasive modalities compatible with transthoracic
esophageal surgery are available. These include primarily
devices that use proprietary algorithms to estimate stroke
volume index, cardiac index, and/or stroke volume variation
[192–195]. The utility of these modalities in directing GDFT
in the context of an open hemithorax and OLV has yet to be
demonstrated, but other studies demonstrating clinical advantages of GDFT in intra-abdominal surgeries invite a closer
examination of the potential benefits.
In addition to the potential importance of the amount and
timing of fluid administration, there is also emerging clinical evidence that the choice of fluid type may be important in
affecting clinical outcomes. As above, most studies reporting
the adverse effects of excessive perioperative fluid administration to patients undergoing thoracic surgery are consistent with
the idea that crystalloid overload, rather than fluid overload per
se is related to adverse outcomes. These include retrospective
studies of factors affecting adverse outcomes after pulmonary
resection [173, 174] and esophagectomy [176, 177] as well as
number of prospective studies of perioperative fluid therapy
[171, 172, 185]. Colloid therapy has been shown to be superior
to crystalloid therapy in prospective trials of goal directed fluid
management, improving outcomes and postoperative recovery
[196]. Goal directed colloid but not crystalloid fluid therapy
improved microcirculatory blood flow in a porcine model of
anastomotic colon [197] and increased tissue oxygen tension
in patients undergoing abdominal surgery [198]. This finding
may be of particular relevance to esophageal surgery where
anastomotic integrity may be related to blood flow and oxygen delivery to a potentially flow-compromised gastric tubeesophageal anastomosis. The improved efficacy of colloids in
improving patient and surrogate outcomes in GDFT trials may
be related to a number of possible factors including a greater
effect on plasma volume expansion [199] and putative beneficial effects of colloids, on vascular injury, permeability, and
the development of edema [200–205]. Taken together, these
studies suggest that it may be preferable to use colloids to minimize fluid shifting across a potentially injured vascular barrier.
This topic has been recently and extensively re-examined in a
review by Chappell et al. [168] in which the authors make a
compelling argument for the use of colloids in the replacement
of plasma volume losses due to fluid shifting or bleeding.
The ideal choice of colloid solution for plasma volume
expansion in major thoracic surgery (including esophageal
surgery) also requires further elucidation. However, a number
of theoretical advantages of the synthetic colloids have begun
to emerge in preclinical studies. These include inhibition of
endothelial–leukocyte interactions [206, 207], transendothelial migration of neutrophils [208], and vascular fluid flux
[209]. The primary colloid solutions available in the United
States for this purpose are human albumin, hetastarch, and
the (newly available in the United States) third generation tetrastarch, (Voluven) – a lower molecular weight starch with a
number of theoretical advantages, including improved clearance in patients with impaired renal function [210], and reduced
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adverse effects on renal integrity [211, 212] and coagulation
function [213, 214]. Voluven appears to share favorable characteristics of other synthetic colloids on endothelial cell–
leukocyte interaction [207] and has been associated with an
inhibition of systemic inflammatory mediators and markers
of endothelial cell injury and activation in a clinical study of
patients undergoing major abdominal surgery [215].

Intraoperative Complications
Intraoperative management of patients undergoing esophageal
surgery may be complicated by a variety of surgical and anesthetic problems. Hypotension is not uncommon during major
esophageal surgeries and may result from compression of the
heart or major vessels, myocardial ischemia, hypovolemia, or
use of an indwelling epidural catheter leading to a thoracic
sympathectomy.
Hypoxemia during esophageal surgery occurs not infrequently in patients undergoing OLV and typically is due to
right to left shunt flow via the nonventilated lung as well as
by volume loss and atelectasis in the dependent lung. Less
commonly, hypoxemia during transthoracic esophageal surgery results from trauma to the ventilated lung and resultant
tension pneumothorax which can be treated surgically by
needle or finger puncture of the contralateral pleura. Pulmonary edema can result from fluid overload, cardiac failure, and
immunologic reactions to medications and other immunogens
including latex. The diagnosis of fluid overload and/or cardiac
failure may be difficult in the context of esophageal surgery as
transesophageal echocardiography is usually contraindicated
or impractical and data from central venous or pulmonary
artery catheters, if present, are of limited value in this regard.
Electrocardiographic evidence of myocardial ischemia along
with pulmonary edema, particularly if it is not responsive to
pharmacologic therapy to improve myocardial oxygen supply/demand inequality, may require aborting the surgical procedure, particularly if detected prior to esophagotomy. Rarely,
pulmonary embolization can occur with preferential distribution to the ventilated, perfused lung.

Postoperative Management and Complications
Postoperative management of patients after esophageal surgery
is largely dependent on the specific procedure performed and
the patient’s response to anesthesia and surgery. In general, most
patients should be suitable for extubation after elective esophageal surgery, particularly those undergoing esophagoscopy
and minimally invasive laparoscopic or thoracoscopic surgical
procedures. The extubation of patients undergoing esophagectomy procedures will be discussed later. Provided that patients
are stable from a hemodynamic and metabolic standpoint and
that neuromuscular and respiratory functions are adequate and
a plan for suitable analgesia has been initiated, extubation in
the OR is generally appropriate. In most cases, dosing of an
indwelling thoracic epidural catheter is well tolerated during
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wound closure as the intravenous or inhalational anesthetic is
reduced. Following suctioning of the oropharynx and NGT, if
present, the patient should be allowed to emerge from general
anesthesia and extubated following the return of protective airway reflexes. Placing the patient in a 30° head-up position may
improve pulmonary ventilation and decrease aspiration risk.
If a gastric drain is indicated for the procedure, it should be
secured prior to emergence and extubation.
Hypotension occurs not infrequently after esophageal surgery. Causes include inadequate intraoperative plasma volume expansion, hemorrhage, cardiac dysrhythmias, most
commonly atrial tachyarrhythmias, pneumothorax, and sympathectomy from use of TEA. Careful hemodynamic assessment of the postoperative patient should permit the distinction
between hypovolemia and other causes. Urine output and
chest drain output should be carefully followed and hemoglobin concentration monitored in patients suspected of ongoing
bleeding. Routine postoperative chest radiography is indicated
in patients undergoing transthoracic or transhiatal procedures
and when postoperative cardiovascular or respiratory complications are suspected. Most commonly, epidural related sympathectomy is the cause and can be treated by additional fluid
repletion, temporary discontinuation of the infusion, supine
re-positioning or leg elevation to augment venous return, or
reducing the concentration of local anesthetic in the epidural
infusion. Occasionally, hemodynamically fragile patients may
require substitution of epidural local anesthetic solution with
an opioid such as hydromorphone or morphine, though pain
control with this regimen is usually suboptimal.
Atrial tachyarrhythmias occur frequently after thoracic
surgical procedures, including esophageal surgeries and
may result in significant hemodynamic instability due to a
rapid ventricular response and/or myocardial ischemia. This
complication has been best studied in patients undergoing
esophagectomy surgery and will be discussed later. Myocardial ischemia, congestive heart failure, and pulmonary thromboembolic complications are also possible though appropriate
patient selection, preoperative cardiovascular evaluation, and
thromboprophylaxis should significantly reduce these risks.
Respiratory insufficiency, seen most commonly in patients
with baseline impairment of respiratory function, may be
related to weakness from inadequate reversal of neuromuscular blockade. Typically, these patients retain carbon dioxide
and may become hypercapnic and obtunded. Often, retractions
due to upper airway obstruction can be observed. Other causes
of hypoventilation such as bronchospasm, aspiration pneumonitis, pulmonary edema, and pneumothorax, and ARDS
should be ruled out with the appropriate diagnostic modalities. Inadequate pain control after thoracotomy or laparotomy
can also result in splinting with reduced tidal volumes and
hypoventilation. Typically, adequate treatment of incisional
pain leads to a dramatic improvement in respiratory function.
Chest radiography and arterial blood gas analysis should be
performed immediately in any patient with acute respiratory
decompensation after thoracic surgery.
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Anesthetic Considerations for Specific
Esophageal Procedures and Disorders
Esophagoscopy
Esophagoscopy may be performed with either a rigid or flexible endoscope and is used for a number of specific diagnostic
and therapeutic purposes. In general, most diagnostic esophagoscopies are performed using flexible endoscopes, often in
awake sedated patients and frequently in a gastroenterology
suite without the care of an anesthesiologist. Conscious sedation performed by a nurse or other assistant under the direction of an endoscopist, usually a gastroenterologist, is most
often accomplished with the use of a benzodiazepine such as
diazepam or midazolam with or without the addition of an
opioid such as meperidine. Patient acceptance of the procedure without sedation, even with ultrathin esophagoscopes,
is quite limited [216]. Often, a local anesthetic such as lidocaine or benzocaine is applied topically to facilitate patient
acceptance and reduce gagging during the procedure. If local
anesthetic is used, the total acceptable dose should be carefully considered as methemoglobinemia has been associated
with topical use of benzocaine for surgical procedures [217],
including esophagogastroduodenoscopy (EGD) [218]. Flexible esophagoscopy is also routinely performed by thoracic
surgeons immediately prior to esophageal surgery to assess
the location and extent of esophageal lesions and the degree
of esophageal obstruction. Most of these patients have known
esophageal disease and are presenting for curative or palliative
esophageal surgery. These patients are usually at elevated risk
for regurgitation and aspiration and should be treated appropriately. The airway should be secured prior to instrumentation of the esophagus under general anesthesia.
Rigid esophagoscopy is most frequently employed for the
extraction of esophageal foreign bodies, often in children,
as well as for the removal of retained food items. As with
laryngoscopy, this is a very stimulating procedure and not
likely to be well tolerated without general anesthesia. These
patients should also be considered high risk for aspiration and
managed accordingly, with the rapid placement of a cuffed
endotracheal tube before or immediately after induction of
anesthesia. In selected patients who are felt to be at lower
risk for aspiration with this procedure and who meet NPO
guidelines, it may be appropriate to consider deeper levels of
sedation. Monitored anesthesia care with sedation using dexmedetomidine infusion for rigid esophagoscopy and dilation
of the UES with botulinum toxin injection for dysphagia has
been described [219]. Anesthetic management considerations
for rigid esophagoscopy include the extreme neck extension
desired by surgeons for alignment of the oral–esophageal
axis, the risk of aspirating objects once extracted from the
esophagus [220], and the need for a relaxed patient to minimize movement during the procedure. The latter need can be
achieved with deep levels of inhalational anesthetic or with
short-acting muscle relaxants.
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Additional therapeutic uses of esophagoscopy include
esophageal stent placement for TEF, benign and malignant
strictures [221, 222], and perforation [14, 223]. Nonsurgical treatment of achalasia, including esophageal dilatation
and intraesophageal delivery of botulinum toxin can also be
accomplished endoscopically [224]. Endoscopic techniques
are also used in the staging of superficial esophageal tumors
and complete resection of mucosal adenocarcinoma [59–62].

Tracheoesophageal Fistula (TEF)
Anesthetic management of the patient with TEF is uniquely
challenging for the following reasons. First, positive pressure
ventilation inevitably results in ventilatory gas entering the
esophagus and stomach. Ventilation of the gastrointestinal
tract may result in worsening pulmonary compliance because
of abdominal distention and a concomitant increase in the risk
of further aspiration and other complications [43, 225, 226].
For these reasons, maintenance of spontaneous ventilation
is usually preferred and can be accomplished with either an
inhalational induction or an awake intubation, though baseline decrements in pulmonary function and compliance on the
affected side are likely to increase difficulties associated with
oxygenation and adequate ventilation after induction of anesthesia. The preoperative placement of a gastrostomy tube will
aid in venting the stomach in the event that positive pressure
ventilation becomes necessary but is contraindicated if the
stomach is to be used as a conduit within the thorax. Additionally, chronic aspiration and its sequelae of pneumonia, sepsis,
and hypoxemia may complicate the anesthetic management of
these patients, particularly during OLV. Positive pressure ventilation can be safely performed once lung isolation has been
accomplished. Lung isolation is essential to prevent ventilation of the fistula, to provide adequate pulmonary ventilation,
and to prevent further soilage of the lung.
The anesthetic plan for airway management and ventilation
in adult patients with TEF should reflect the anatomic position
of the fistula in the respiratory tract. Typically, the identification and localization of the fistula is made before presentation to the operating theater. Occasionally, the exact level of
the fistula is not known. Though not always successful, bronchoscopic examination of the airway may identify the level
of airway involvement and can be performed preoperatively.
Bronchoscopy can also be performed after tracheal intubation
with either a DLT [227] or SLT [228] and used to guide placement after localization of the TEF.
The DLT is preferred in most cases of TEF since it can be
placed into the mainstem bronchus contralateral to the fistula,
providing lung isolation, OLV, and protection from soilage of
the ventilated lung. Thus, right-sided DLT should be used for
left-sided lesions and vice versa. Occasionally, for a tracheal
TEF well above the carina, a SLT may be used if the cuff can
be inflated below the fistula. If this is not possible, a right DLT
is preferable for distal tracheal fistulae or if the fistula site is
not identified preoperatively. In patients with severe pulmonary
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disease, OLV may be incompatible with adequate oxygenation
and ventilation. Rarely, alternative approaches for oxygenation
and ventilation that minimize gas flow into the esophagus may
be required. The use of a left DLT for lung isolation with high
frequency oscillation ventilation on the right side has been
described for optimizing gas exchange in a patient with a low
tracheal TEF and ARDS [229]. An alternative approach in critically ill ventilated patients with benign TEF utilizes temporary
stenting to functionally separate the airway and esophagus,
minimizing air leak, and improving CO2 removal [49]. This
procedure was easily performed and well tolerated and could
presumably serve as a bridge to definitive surgical correction
following improvement in the patient’s status.
Postoperative goals include optimizing pulmonary function to facilitate a return to spontaneous ventilation with
adequate gas exchange. The continuation of positive pressure
ventilation may lead to disruption of the esophageal closure
and could thus cause a ventilatory leak. Achieving this goal
requires adequate pain control and may also require aggressive pulmonary toilet with bronchoscopy prior to emergence.

Transthoracic Nissen and Belsey Fundoplication,
Collis Gastroplasty, and Paraesophageal Hernia
Repair
Transthoracic antireflux procedures require monitoring, arterial
and venous access commensurate with an open thoracotomy
but are otherwise without many specific implications for the
anesthesiologist. Lung isolation and OLV is required as is an
aggressive plan for postoperative pain control, ideally TEA.
Following induction, intubation, and placement of vascular
cannulae, the patient is placed in the right lateral decubitus position. It may be desirable to decompress the stomach at this point,
particularly if significant amounts of air were introduced during mask ventilation. After withdrawing an indwelling gastric
tube, a large bougie/dilator is advanced into the esophagus at
the surgeon’s request to facilitate the fundoplication. The dilator should be well lubricated with a water soluble lubricant and
passed atraumatically into the upper esophagus with manual
guidance or with the use of a largynoscope to aid engagement
with the esophageal orifice. Caution should be exercised during
advancement and communication with the surgeon is important,
particularly if resistance is encountered as esophageal disruption can occur. It is then passed slowly through the esophagogastric junction and left in this position until the fundoplication
sutures are secured at which time it can be withdrawn.
Unless complications are encountered intraoperatively, most
patients can be allowed to emerge from anesthesia at the conclusion of surgery and extubated at emergence. The stomach
should be drained with a NGT postoperatively. Oral feeding is
begun after return of normal bowel activity which may require
several days after open repair. Dysphagia to solid foods can be
experienced by some patients for several weeks after surgery
and is more common with transthoracic procedures and total
fundoplications but typically resolves spontaneously.
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Esophagectomy
Transhiatal Esophagectomy (THE)
Patients presenting for this procedure require standard monitoring plus a Foley catheter and arterial catheter for continuous
arterial blood pressure monitoring. Patients will also benefit
from the preoperative placement of an epidural catheter. After
preoxygenation and induction of general anesthesia, the trachea
is intubated with a SLT and both arterial and adequate intravenous access is obtained – generally two peripheral venous
cannulae and an arterial catheter. A NGT is placed and secured
in its position after the esophageal anastomosis is made.
The transhiatal approach to esophagectomy requires the
manual dissection of the esophagus from the mediastinum
blindly via the abdominal hiatus. The manual compression of
the heart and great veins commonly causes hypotension, usually transiently. Optimizing volume status prior to this step
may partially mitigate the decrement in blood pressure and
cardiac output. Close communication between surgeon and
anesthesiologist is critical during this stage, as it may become
necessary for the surgeon to temporarily discontinue the dissection to permit hemodynamic recovery, particularly in the
elderly or fragile patient. The duration of hypotension during
dissection may be related to a patient history of cardiac disease
and the presence of a midesophageal tumor [230]. The transhiatal dissection may also precipitate atrial and/or ventricular
ectopy which could theoretically contribute to hypotension and
reduced cardiac output during this phase. Atrial arrhythmias
are commonly associated with transhiatal dissection and are
more likely in patients with cardiac disease [230]. In a small
study of transhiatal esophagectomies, arrhythmias occurred
during transhiatal manipulation in 65% of cases, but were
transient, did not require treatment, and were not correlated
with hypotension [231]. Other potential intraoperative complications include pneumothorax, mediastinal bleeding from
injuries to the aorta or azygous vein, and injury of the membranous trachea. Pneumothorax is easily managed surgically
with the placement of a tube thoracostomy from the operative
field. Massive hemorrhage is rare but is likely to require emergent thoracotomy and repair with aggressive transfusion and
resuscitation. Tracheal injury also requires definitive repair
and the anesthesiologist may be required to advance the endotracheal tube beyond the site of injury to facilitate ventilation
during the repair. For this reason, only full-length uncut endotracheal tubes should be used for THE.
Following completion of the cervical anastomosis and
wound closure, the NGT is secured in position. If in situ, the
epidural catheter should be appropriately dosed prior to emergence. Tracheal extubation is performed at emergence with
return of protective airway reflexes and the patient is transferred to a unit where appropriate monitoring and pain control
can be accomplished. The head of the bed should be elevated
between 30 and 45° to optimize respiratory mechanics and
to minimize the potential for reflux and aspiration. Postoperative therapy includes antibiotics and thromboprophylaxis.
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Postoperative complications attributable to the THE include
recurrent laryngeal nerve injury which results in hoarseness
and an increased risk of aspiration pneumonitis, chylothorax,
and anastomotic leak.

Transthoracic Esophagectomy (Ivor Lewis; TTE)
Unless contraindicated, a thoracic epidural catheter should be
placed preoperatively. Induction and maintenance of general
anesthesia can be accomplished with standard agents. For
the reasons enumerated earlier, a rapid sequence induction is
recommended and endotracheal intubation should ideally be
accomplished with attention to the risks of aspiration. Lung
isolation is not required for laparotomy and thus, some practitioners intubate initially with a SLT, replacing it with a DLT
prior to the thoracotomy incision and after suctioning of the
stomach. It is also reasonable to place a DLT at induction unless
difficult placement is predicted in a patient with elevated risk
of aspiration, such as high-grade obstruction, gastroparesis,
or emergency surgery. In such a case, the practitioner should
first rapidly secure the airway with a SLT, evacuate stomach
contents intraoperatively, and then either place a DLT prior to
thoracotomy or simply use an endobronchial blocker.
After induction, an NGT is placed with consideration
to possible partial or complete esophageal obstruction that
may necessitate surgical assistance for positioning distally.
Decompression of the stomach and esophageal conduit is of
paramount importance; thus the NGT should be secured intraoperatively to prevent its removal by the patient or inadvertent removal during patient movement and transport. Muscle
relaxation with nondepolarizing muscle relaxants provides
optimal operating conditions. An arterial catheter and large
bore peripheral or central venous access should be obtained
after induction.
Intraoperative hypotension occurs not infrequently during
TTE surgery and usually results from hypovolemia and/or
TEA-related sympathectomy. Hypotension may precipitate
myocardial or cerebral ischemia and may also contribute
to gastric tube ischemia. Thus, potential causes should be
immediately sought and treated. The mobilized gastric tube
has a limited blood supply, usually from the right gastroepiploic artery and blood flow at the distal segment is decreased.
Factors such as hypotension may further compromise perfusion
of the gastric tube and may thus increase the risk of anastomotic
leak. Since anastomotic integrity is dependent upon adequate
blood flow and oxygen delivery [232–234], the development
of anastomotic leak may be related to intraoperative management variables, particularly systemic blood pressure and cardiac
output and may thus be modifiable by anesthetic management.
Some esophageal surgeons eschew the use of vasoconstricting agents for fear of the theoretical adverse effects on gastric
tube blood flow, though the limited available data do not support this reasoning. The effect of vasoconstrictors on gastric
tube blood flow has not been well studied, but a small clinical study by Al-Rawi et al. demonstrated that a TEA-induced
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sympathectomy decreased gastric tube blood flow during
esophagectomy and that IV infusion of epinephrine restored
blood flow [235]. The use of norepinephrine to maintain arterial blood pressure during esophagectomy as part of a multimodal anesthetic regimen has been associated with reduced
respiratory morbidity without increasing the incidence of
anastomotic complications [111]. Given the established relationship between gastric tube blood flow and anastomotic
leak [232, 234, 236], maintenance of normal hemodynamics
should be a priority in the intraoperative management of these
patients. Towards this end it may be prudent to postpone dosing the indwelling epidural catheter in a hypotensive patient
and to consider the use of inotropic agents with or without
vasopressor activity.
Following uneventful TTE, most patients can be extubated
in the operating room provided that they are normothermic,
metabolically and hemodynamically stable, well oxygenated,
and pain control modalities have been employed. Although
an older randomized trial comparing early vs. late extubation
after esophagectomy reported a higher mortality in the early
extubation group, this difference was not statistically significant [237] and has not been observed subsequently. Early
extubation after esophagectomy has been well studied and
is supported by a number of retrospective and observational
analyses [108, 238, 239] as well as reports of standardized
management approaches [109] and fast track clinical pathways [108, 110, 240]. Factors which may predict failure or
complications associated with early extubation include a history of smoking and chronic obstructive pulmonary disease
(COPD) [241]. Epidural analgesia may facilitate successful
early extubation [108, 239, 241].
At emergence, patients should be seated 30° above supine
and extubated upon return of protective airway reflexes.
Supplemental oxygen may be delivered via face tent or nasal
cannulae. If postoperative ventilatory support is required or
extubation must be delayed for other reasons, tube exchange
can be performed with laryngoscopy, adjunctive airway
devices, or via a tube exchange catheter.
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lacking, a systematic review of the available studies indicates
an overall incidence of pulmonary complications of 22.9% in
TTE and 15.1% in MIE [242]. Rigorous comparison to the TTE
awaits adequately powered prospective trials. It is not clear
that patients undergoing MIE require aggressive pain control
modalities such as TEA for optimal postoperative pain control. However, the TEA remains the standard of care in centers
which perform these surgeries largely because of the theoretical and demonstrated advantages of TEA in the context of open
esophagectomy and thoracic surgery in general.

Postoperative Care of the Esophagectomy Patient
With appropriate pain control regimens, most patients are
extubated in the operating room. Early ambulation and chest
physiotherapy are used to reduce respiratory complications.
Pleural drains are removed as soon as drainage is minimal and
absence of air leak is confirmed, though mediastinal drains
may be left until confirmation of intrathoracic anastomotic
integrity is confirmed. The indwelling epidural catheter is generally used and left in situ until pleural drains are removed, at
which time pain control can be adequately accomplished with
parenteral or enteral medications. Feeding via jejunostomy
tubes is initiated after 24 h postoperatively and advanced over
a period of several days. A contrast study of the esophagus is
usually performed on or about the fifth postoperative day and
if normal, a clear diet by mouth is begun at that time. At discharge, the patient will be eating solid food and the jejunostomy tube is clamped. At surgical follow-up in several weeks,
the feeding tube is removed.

Adverse Outcomes After Esophagectomy
Adverse outcomes after esophagectomy surgery have historically been divided into surgical and anesthetic complications.
At first glance, this division is logical and appealing, but
recent insight into the pathophysiology of complications after
major thoracic and thoracoabdominal surgeries is beginning
to blur this distinction.

Minimally Invasive Esophagectomy (MIE)
At this time, there is little specific data available to guide
anesthetic management of the patient undergoing MIE but
principles of management in the patient undergoing open
esophagectomy are likely to apply. OLV is considered essential for any thoracoscopic procedure, including MIE and thus,
lung isolation is required. The use of DLT and bronchial
blockers for esophageal surgery has been discussed earlier
and applies here as well. Because of the longer duration of
MIE surgery, a DLT is preferred as bronchial blockers are less
stable positionally [167] and are likely to require more frequent repositioning.
Avoiding a large thoracotomy incision in the context of MIE
might conceivably reduce major pulmonary complications
after esophagectomy. Though high quality comparative studies are few and randomized controlled trials are completely

Esophageal Anastomotic Leaks
As mentioned earlier, the development of an esophageal
anastomotic leak is a frequent and serious complication of
esophagectomy. This complication is particularly worrisome
when the leak is mediastinal in location. Mortality rates from
intrathoracic leaks range from 3.3 to 71% [243]. Preoperative,
operative, and postoperative factors that may predispose to the
development of anastomotic leak have been well described in
the literature [243] and include comorbidities such as diabetes,
pulmonary disease, and cardiovascular disease; a variety of surgical and technical factors; and postoperative factors including
gastric distension, prolonged ventilatory support, and hypoxia.
Though still considered a surgical complication, accumulating
evidence suggests that intraoperative management may have
an impact on the incidence of this complication. Because of
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the tenuous blood supply to the mobilized gastric tube, fluid
status, hemodynamics, and oxygenation may affect anastomotic integrity through effects on oxygen delivery [232, 233]
and blood flow [232]. Though the optimization of tissue oxygen
delivery through appropriate management of hemodynamics,
fluid status, and oxygenation is a priority for all perioperative
patients, this truism may be particularly critical for patients
undergoing esophageal anastomoses.
Cardiovascular Complications
Cardiovascular complications account for significant morbidity and mortality after esophagectomy. The most common
cardiac complication is arrhythmia, typically atrial tachyarrhythmias such as atrial fibrillation, atrial flutter, and paroxysmal supraventricular tachycardia. While generally considered
benign after cardiac surgery, these diagnoses may be more
ominous after general thoracic surgery including esophagectomy. There is considerable evidence that atrial tachyarrhythmias after esophagectomy are associated with a higher
rate of ICU admission, greater length of hospital stay, and
a higher mortality [244, 245]. These findings are consistent
with those for general noncardiac thoracic surgery patients in
whom atrial fibrillation was a marker for increased morbidity
and mortality [246]. Atrial fibrillation after esophagectomy
is also associated with a higher rate of pulmonary complications, anastomotic leakage, and sepsis [245]. Risk factors for
the development of atrial dysrhythmias after esophagectomy
include older age, perioperative theophylline use, a low diffusion capacity [244, 247], COPD, male sex, and history of
cardiac disease [247]. Larger studies of general thoracic surgery patients including esophagectomies point to similar risks
for the development of atrial fibrillation – male sex, older age,
history of congestive heart failure, arrhythmia, peripheral vascular disease and resection of mediastinal tumor, pulmonary
resection, esophagectomy, and intraoperative blood transfusion [246].
The prophylaxis of atrial tachyarrhythmias in general thoracic surgery has been the subject of numerous clinical trials
and observational studies but no clinical standard for prophylaxis exists. A review of trials of pharmacologic prophylaxis
for postoperative atrial arrhythmias reported that calcium
channel blockers and beta blockers reduced the risk of tachyarrhythmias, though the latter increased the risk of pulmonary edema [248]. The routine prophylactic use of digoxin,
flecainide, and amiodarone is not supported by the available
evidence [248]. The available evidence supports individualized prophylaxis in patients at higher risk of atrial tachyarrhythmias after esophagectomy with either calcium channel
blockers or beta blockers, with attention to the potential for
adverse effects of the latter.
Pulmonary Complications
Respiratory morbidity occurs frequently after thoracic surgery
in general and after esophagectomy in particular [107, 249].
Pulmonary complications of thoracic surgery are variably
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defined in the literature, but include pneumonia, aspiration
pneumonitis, acute lung injury (ALI), ARDS, bronchopleural
fistula, atelectasis, and pulmonary embolism. Any individual or cluster of these complications can result in respiratory insufficiency or respiratory failure, which may require
specific therapies including the continuation or reinstitution
of mechanical ventilation. The overall incidence of serious
respiratory morbidity is highly variable but is between 10
and 30% in most large series [250–253]. Factors predictive
of pulmonary complications after esophagectomy include age
[250, 251], proximal location of esophageal tumor, and duration of surgery [250], as well as forced expiratory volume in
1 s (FEV1) [251] which predicts pulmonary complications in
patients with COPD [254].
ALI and ARDS are among the most severe pulmonary complications associated with esophagectomy and their incidence
in a large series was 23.8 and 14.5%, respectively [255].
ARDS was associated with a 50% mortality rate in this series.
Risk factors included low body mass index, tobacco history,
surgeon experience, duration of surgery and OLV, anastomotic
leak, and cardiorespiratory instability. The pathophysiology
of ALI and ARDS are complex and thought to result from
direct or indirect pulmonary injury. Though injury can occur
from a variety of mechanisms, the final pathway appears to
involve inflammatory mediators including cytokines and cellular mediators. Still a very active area of investigation, it
has become clear that surgical stress itself elicits an already
well characterized and profound inflammatory response that
includes cytokines such as IL-1, IL-8, TNF-alpha, IL-6, selectins, neutrophil elastase, and thrombomodulin [256–260]. In
particular, IL-8 has been implicated in the development of
ARDS [261] and is likely to provide a strong signal for the
chemotactic migration of neutrophils [262, 263], the alveolar
infiltration of which is characteristic of the disease process.
The degranulation of neutrophils and an increase in pulmonary
capillary permeability has been demonstrated after esophagectomy and has been proposed as a human model of lung injury
[260]. Causative involvement of IL-8 is suggested by studies of IL-8 antagonists in animal models [262], the presence
of high concentrations in both ventilated and nonventilated
lungs [264], and the relationship between IL-8 concentrations
in lavage fluid and the subsequent development of pulmonary
complications after esophagectomy [265].
Improving Outcomes After Esophagectomy
The use of TEA for postoperative analgesia has been reviewed
earlier, but its potential value in improving outcomes after
esophagectomy merits additional mention. Improved outcomes
associated with the use of TEA after transthoracic esophageal
surgery [103–107] may be related to improved postoperative pulmonary function and resultant decrease in pulmonary
complications [104] and an improvement in gastric tube blood
flow [266, 267]. The use of TEA has been associated with a
decreased risk of anastomotic leak in a retrospective study of
esophagectomy patients [106]. A causative role is implied by
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animal experiments in which the use of TEA improved microcirculation and motility in the gastric tube [267] and a clinical
study with similar findings [266]. For these reasons and the
overwhelming evidence of superior pain control, TEA represents the standard of care for TTE in most institutions.
Though lung injury in this context is multifactorial, there is
a growing awareness that anesthetic and perioperative factors
are involved. These include, atelectasis which is obligate in
the operative hemithorax during OLV, direct injurious effect
of volutrauma or barotrauma in the contralateral lung during OLV, oxygen stress and toxicity resulting from high FIO2
in the ventilated lung, and ischemia reperfusion injury in the
ipsilateral lung after re-ventilation. Strategies to protect the
lung and optimize outcomes after major thoracic surgery are
most likely to be successful if they minimize these injurious
stimuli. Guidance in the absence of definitive outcome data
in the perioperative thoracic surgery setting is based largely
on results from studies of animal models, surrogate markers of lung injury, and patients with established lung injury.
Nonetheless, several reasonable conclusions can be drawn at
this time.
First, ventilation strategies, particularly during OLV, should
be tailored to patient physiology. That OLV itself may be a
factor in the inflammatory response accompanying thoracic
esophageal surgery is suggested by studies of cytokine and
complement levels during and after OLV [256, 268]. Thus,
ventilation should be as physiologic as possible in an effort
to minimize the likelihood of volutrauma. So-called protective ventilation strategies represent a physiologic approach to
tidal ventilation and are likely to improve outcomes in this
patient population by minimizing the risk of alveolar overdistension as well as cyclic collapse of alveoli. Specifically,
protective ventilation in the context of thoracic surgery and
OLV has referred to lower tidal volumes (4–6 mL/kg ideal
body weight) with added positive end expiratory pressure
(PEEP). This ventilatory strategy in patients undergoing TTE
has been shown to minimize surrogate markers of systemic
inflammation (IL-1Beta, IL-6, IL-8) [256, 269] while improving oxygenation intra- and postoperatively, and decreasing the
duration of mechanical ventilation [256]. Specific protective
pharmacologic agents have not been well studied, though there
is preliminary data suggesting that prostaglandin E1 may also
lead to a reduction in the inflammatory response [270] and
improvements in gastric tube [271] and tracheal [272] blood
flow in esophagectomy. Since oxygen toxicity and oxidative
stress may also contribute to the development of adverse outcomes, it may be prudent to minimize FIO2, though the large
obligate right to left shunt in the nonventilated lung during
OLV limits the extent to which this maneuver is practicable.
It is clear that anesthetics themselves may modify the inflammatory response to surgical stimulation and trauma [273] and
produce other specific and in some cases, desirable biologic
effects such as myocardial protection. Recent evidence suggests
that sevoflurane may also affect lung tissue by modulating the
inflammatory response to OLV. De Conno et al. demonstrated
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an attenuated increase in the bronchoalveolar lavage levels of
TNF-alpha, IL-6, IL-8, MCP-1 in patients anesthetized with
sevoflurane vs. propofol [274]. This immunomodulation was
accompanied by a reduction in adverse clinical events suggesting a protective role of sevoflurane.

Surgery for Esophageal Rupture
and Perforation
Patients presenting for emergent repair of esophageal disruption, rupture, or perforation may present with pain, hypovolemia, sepsis, and shock. Anesthetic management should be
based on the severity of these presenting conditions and the
nature of the planned procedure. To the extent possible, fluid
deficits should be corrected preoperatively and may be guided
by standard and invasive monitoring as appropriate. Because
of the likelihood of further fluid losses and hemodynamic decompensation, an arterial catheter for continuous blood pressure monitoring and arterial blood gas sampling is indicated.
The principles of anesthetic management are based on correcting preoperative fluid deficits, minimizing hemodynamic
derangements, avoiding increases in abdominal pressure which
may exacerbate leakage of gastroesophageal contents, and
minimizing the risk of aspiration, particularly during induction. In general, a rapid sequence induction is indicated with
the choice and dose of induction and neuromuscular blocking
agents tailored to the patient’s hemodynamic status. If a thoracotomy is planned or likely, surgical exposure will benefit
from the use of a DLT, but this advantage should be considered in light of airway anatomy, anticipated ease of intubation,
and the potentially elevated risk of aspiration should placement of the DLT require additional time.
Intraoperative management is likely to be dominated by
the need for continuous fluid resuscitation. Arterial blood gas
analysis and pulmonary artery catheter data may be used to
guide fluid management and plasma volume expansion as
well as the likely need for blood products. This factor combined with the probability of ongoing fluid shifts, pulmonary
edema, and the need for inotropic and vasopressor support
usually mandates postoperative ventilatory support.

Surgery for Achalasia
Esophagomyotomy is most commonly performed to relieve
esophageal obstruction at the sphincter level as well as for the
relief of pain from esophageal spasm. Esophagomyotomy can
be performed laparoscopically, thoracoscopically, or via thoracotomy, with or without the addition of an antireflux procedure.
Either transthoracic procedure requires a suitable plan for lung
isolation and postoperative pain control, though a TEA may
not be absolutely essential for the thoracoscopic esophagomyotomy. Arguably, the most important anesthetic consideration
is the possibility of aspiration on induction of anesthesia with
loss of protective airway reflexes. Because achalasia results
in a dilated esophagus with impaired motility, the likelihood
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of retained food material in the esophagus is dramatically
increased. It may also be desirable to restrict oral intake to only
clear liquids for 2 days prior to surgery in an effort to reduce
food retention. Approaches to minimize the risk of regurgitation and aspiration have been discussed previously and are
especially important in these patients.
Additional anesthetic considerations for esophagomyotomy
procedures include pain control and lung isolation. The use of
thoracoscopy to perform a transthoracic myotomy undoubtedly reduces pain intensity and may not require TEA, though
many practitioners still prefer it. After induction and intubation with a DLT or SLT with blocker and placement of a NGT,
the patient is turned in the lateral decubitus position, usually
right lateral decubitus and the transthoracic myotomy is performed. Most patients can be extubated in the operating room
after return of protective airway reflexes. The NGT is usually
removed and feedings initiated and advanced after the return
of normal peristaltic activity.

Surgery for Esophageal Diverticula
Zenker’s Diverticulum
While Zenker’s diverticulum is not a disorder of the thoracic
esophagus, its repair is often undertaken by thoracic surgeons
and so it will be briefly discussed. Anesthetic management
of patients with Zenker’s diverticulum should be focused
on the prevention of aspiration. Patients should be restricted
to clear liquids for at least 24 h preoperatively and encouraged to manually express and empty the diverticulum prior to
anesthetic induction if this is possible. Other efforts to avoid
aspiration of diverticular contents include a head-up position
(30°) during induction and a rapid sequence induction without
cricoid pressure. In the patient with difficult airway anatomy
it may be preferable to intubate the trachea prior to induction
of anesthesia. Caution should be exercised during placement
of a gastric drain tube or esophageal bougie as these may enter
the diverticulum and cause perforation.
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Transthoracic repair of esophageal diverticula is usually
accomplished via a left thoracotomy incision. Surgical exposure is facilitated by lung isolation and OLV. During dissection,
the anesthesiologist may assist by passing a large esophageal
bougie with surgical guidance until it passes the diverticular
aperture. If not already in situ, a NG tube should be placed
prior to emergence and should remain in place until esopohageal integrity has been demonstrated by a contrast esophagram several days postoperatively. Most patients presenting
for elective transthoracic resection of esophageal diverticula
can be extubated following the procedure provided that a suitable plan for pain control has been initiated.

Clinical Case Discussion (Fig. 30.7)
Case: A 61-year-old male presents with a 14-month history
of episodic dysphagia to solids that is progressively worsening. He notes no pain or weight loss. His evaluation included
an EGD and biopsy showing high-grade dysplasia with features highly suspicious for invasive esophageal adenocarcinoma. Further evaluation in preparation for surgery included a
whole-body PET-CT scan following injection of 14.014 mCi
of F-18-FDG intravenously. Figure 30.7 shows the distal
esophageal lesion illuminated by the marker. His past medical
history is significant for CAD (MI 12 years prior treated with
angioplasty). He has not had a recent cardiac catheterization.
He also has intermittent supraventricular tachycardia (PSVT)
controlled with diltiazem. He denies ever having an electrophysiologic study performed. He also suffers from HTN
(enalapril), hypercholesterolemia (simvastatin), and asthma
(albuterol as needed and Claritin). His only surgery has been a
C4–7 discectomy and fusion and a L4–S1 laminectomy. He is
scheduled for an Ivor-Lewis esophagectomy.

Thoracic Diverticula
Patients presenting with thoracic esophageal diverticula may
represent a subclass of patients at the highest risk for aspiration
in the perioperative period. The reasons for this are twofold.
First, these diverticula may be large and potentially contain
significant quantities of food material. Secondly, these diverticula cannot be emptied by manual expression, though drainage may be possible with the careful placement of a large bore
drain tube. Additionally, most thoracic diverticula are associated with an esophageal motility disorder such as achalasia
which is itself, a high-risk condition with regard to aspiration.
Thus, all reasonable precautions should be taken, including a
head-up position, and either a rapid sequence induction or an
awake intubation depending on the anticipated ease of airway
management.

Fig. 30.7. PET scan reveals focal soft tissue thickening with increased
uptake of FDG in the distal esophagus at the gastroesophageal junction consistent with esophageal carcinoma.

436

R.S. Blank et al.

Questions

References

• What further preoperative evaluation might be considered
reasonable?
• What are the anesthetic considerations for this esophageal
surgery?
• What specific intraoperative management strategies might
be prudent in this patient?

1. Fein M, Ritter MP, DeMeester TR, et al. Role of the lower esophageal sphincter and hiatal hernia in the pathogenesis of gastroesophageal reflux disease. J Gastrointest Surg. 1999;3(4):405–10.
2. Skinner DB. Hernias (hiatal, traumatic, and congenital). 4th ed.
Philadelphia: W.B. Saunders; 1985.
3. Halpin VJ, Soper NJ. Paraesophageal hernia. Curr Treat Options
Gastroenterol. 2001;4(1):83–8.
4. Dassinger MS, Torquati A, Houston HL, Holzman MD, Sharp
KW, Richards WO. Laparoscopic fundoplication: 5-year followup. Am Surg. 2004;70(8):691–4. discussion 694–5.
5. Cowgill SM, Arnaoutakis D, Villadolid D, et al. Results after
laparoscopic fundoplication: does age matter? Am Surg.
2006;72(9):778–83. discussion 774–83.
6. Ritter MP, Peters JH, DeMeester TR, et al. Treatment of advanced
gastroesophageal reflux disease with Collis gastroplasty and
Belsey partial fundoplication. Arch Surg. 1998;133(5):523–8.
discussion 528–9.
7. Patel HJ, Tan BB, Yee J, Orringer MB, Iannettoni MD. A 25-year
experience with open primary transthoracic repair of paraesophageal hiatal hernia. J Thorac Cardiovasc Surg. 2004;127(3):
843–9.
8. Gangopadhyay N, Perrone JM, Soper NJ, et al. Outcomes of laparoscopic paraesophageal hernia repair in elderly and high-risk
patients. Surgery. 2006;140(4):491–8. discussion 498–9.
9. Khan AZ, Strauss D, Mason RC. Boerhaave’s syndrome: diagnosis and surgical management. Surgeon. 2007;5(1):39–44.
10. Nesbitt JC, Sawyers JL. Surgical management of esophageal
perforation. Am Surg. 1987;53(4):183–91.
11. Han SY, McElvein RB, Aldrete JS, Tishler JM. Perforation of the
esophagus: correlation of site and cause with plain film findings.
AJR Am J Roentgenol. 1985;145(3):537–40.
12. Abbas G, Schuchert MJ, Pettiford BL, et al. Contemporaneous
management of esophageal perforation. Surgery. 2009;146(4):
749–55. discussion 746–55.
13. Vogel SB, Rout WR, Martin TD, Abbitt PL. Esophageal perforation in adults: aggressive, conservative treatment lowers morbidity and mortality. Ann Surg. 2005;241(6):1016–21. discussion
1013–21.
14. Fischer A, Thomusch O, Benz S, von Dobschuetz E, Baier P,
Hopt UT. Nonoperative treatment of 15 benign esophageal perforations with self-expandable covered metal stents. Ann Thorac
Surg. 2006;81(2):467–72.
15. Gelbmann CM, Ratiu NL, Rath HC, et al. Use of self-expandable
plastic stents for the treatment of esophageal perforations and
symptomatic anastomotic leaks. Endoscopy. 2004;36(8):695–9.
16. Siersema PD, Homs MY, Haringsma J, Tilanus HW, Kuipers
EJ. Use of large-diameter metallic stents to seal traumatic nonmalignant perforations of the esophagus. Gastrointest Endosc.
2003;58(3):356–61.
17. Podas T, Eaden J, Mayberry M, Mayberry J. Achalasia: a critical review of epidemiological studies. Am J Gastroenterol.
1998;93(12):2345–7.
18. Kraichely RE, Farrugia G. Achalasia: physiology and etiopathogenesis. Dis Esophagus. 2006;19(4):213–23.
19. de Oliveira RB, Rezende Filho J, Dantas RO, Iazigi N. The spectrum of esophageal motor disorders in Chagas’ disease. Am J
Gastroenterol. 1995;90(7):1119–24.

Focused Preoperative History, Physical,
and Investigations
• Patient reports a daily requirement for his MDI and has
recovered recently from a viral pharyngitis (physical exam,
preoperative MDI use) (see Chap. 8).
• Cardiac evaluation: baseline ECG to evaluate impulse
initiation site, AV node conduction, and QTc in the context of PSVT history and diltiazem use. Stress echocardiogram to evaluate audible murmur and ventricular function
(see Chap. 2).
• Careful airway evaluation with particular attention to cervical extension after cervical fusion.
• Focused neurologic exam to identify any preoperative deficits given the risk of position-related neurologic injury in
left lateral decubitus position (see Chaps. 17 and 18).

What Intraoperative Management
Considerations Will Optimize
the Patient’s Surgery?
• Thoracic epidural to provide postoperative analgesia for
a right thoracotomy and upper midline laparotomy (see
Chaps. 30 and 46).
• Avoidance of beta-blockade because of a significant history of reactive airway disease and chronic calcium channel blockade use. Intraoperative application of external
electrodes for emergency cardioversion, pacing, or defibrillation. Calcium channel blockers indicated for treating
hemodynamically stable PSVT (see Chap. 8).
• Fluid management strategy which seeks to optimize overall
oxygen delivery, with particular attention to the high-risk
esophageal anastomosis. A variety of methods can be used
to guide fluid therapy (base deficit, serum lactate, mixed
venous O2 saturation). Optimal fluid management will
seek to optimize cardiac output and oxygen delivery while
avoiding excessive fluid administration.
• High postoperative risk of atrial arrhythmias, in particular,
atrial fibrillation. Treatment usually includes rate control
with a beta blocker especially in the patient with CAD but
preoperative use of a calcium channel blocker and history
of asthma may preclude its use. Amiodarone can be used
if atrial fibrillation is sustained and resistant to rate control
with calcium channel blockers (see Chap. 41).

30. Anesthesia for Esophageal Surgery
20. Williams VA, Peters JH. Achalasia of the esophagus: a surgical
disease. J Am Coll Surg. 2009;208(1):151–62.
21. Ott DJ, Richter JE, Chen YM, Wu WC, Gelfand DW, Castell DO.
Esophageal radiography and manometry: correlation in 172 patients
with dysphagia. AJR Am J Roentgenol. 1987;149(2):307–11.
22. Campos GM, Vittinghoff E, Rabl C, et al. Endoscopic and surgical
treatments for achalasia: a systematic review and meta-analysis.
Ann Surg. 2009;249(1):45–57.
23. Finley RJ. Achalasia: thoracoscopic and laparoscopic myotomy.
2nd ed. Philadelphia: Churchill Livingstone; 2002.
24. Heitmiller RF, Buzdon MM. Surgery for achalasia and other
motility disorders. 2nd ed. Philadelphia: Lippincott, Williams,
and Wilkins; 2007.
25. Stewart KC, Finley RJ, Clifton JC, Graham AJ, Storseth C, Inculet R. Thoracoscopic versus laparoscopic modified Heller Myotomy for achalasia: efficacy and safety in 87 patients. J Am Coll
Surg. 1999;189(2):164–9. discussion 169–70.
26. Maher JW. Thoracoscopic esophagomyotomy for achalasia:
maximum gain, minimal pain. Surgery. 1997;122(4):836–40.
discussion 831–40.
27. Maher JW, Conklin J, Heitshusen DS. Thoracoscopic esophagomyotomy for achalasia: preoperative patterns of acid reflux and longterm follow-up. Surgery. 2001;130(4):570–6. discussion 576–7.
28. Champion JK, Delisle N, Hunt T. Comparison of thoracoscopic
and laproscopic esophagomyotomy with fundoplication for primary motility disorders. Eur J Cardiothorac Surg. 1999;16 Suppl
1:S34–6.
29. Rosemurgy A, Villadolid D, Thometz D, et al. Laparoscopic Heller myotomy provides durable relief from achalasia and salvages
failures after botox or dilation. Ann Surg. 2005;241(5):725–33.
discussion 725–33.
30. Costantini M, Zaninotto G, Guirroli E, et al. The laparoscopic
Heller-Dor operation remains an effective treatment for esophageal achalasia at a minimum 6-year follow-up. Surg Endosc.
2005;19(3):345–51.
31. Gholoum S, Feldman LS, Andrew CG, et al. Relationship
between subjective and objective outcome measures after Heller myotomy and Dor fundoplication for achalasia. Surg Endosc.
2006;20(2):214–9.
32. Patti MG, Arcerito M, De Pinto M, et al. Comparison of thoracoscopic and laparoscopic Heller myotomy for achalasia. J Gastrointest Surg. 1998;2(6):561–6.
33. Patti MG, Pellegrini CA, Horgan S, et al. Minimally invasive surgery for achalasia: an 8-year experience with 168 patients. Ann
Surg. 1999;230(4):587–93. discussion 584–93.
34. Schuchert MJ, Luketich JD, Landreneau RJ, et al. Minimallyinvasive esophagomyotomy in 200 consecutive patients: factors influencing postoperative outcomes. Ann Thorac Surg.
2008;85(5):1729–34.
35. Mehra M, Bahar RJ, Ament ME, et al. Laparoscopic and thoracoscopic esophagomyotomy for children with achalasia. J Pediatr
Gastroenterol Nutr. 2001;33(4):466–71.
36. Rebecchi F, Giaccone C, Farinella E, Campaci R, Morino M.
Randomized controlled trial of laparoscopic Heller myotomy
plus Dor fundoplication versus Nissen fundoplication for achalasia: long-term results. Ann Surg. 2008;248(6):1023–30.
37. Jeansonne LO, White BC, Pilger KE, et al. Ten-year follow-up
of laparoscopic Heller myotomy for achalasia shows durability.
Surg Endosc. 2007;21(9):1498–502.

437
38. Reed WJ, Doyle SE, Aprahamian C. Tracheoesophageal fistula
after blunt chest trauma. Ann Thorac Surg. 1995;59(5):1251–6.
39. Drage SM, Pac Soo C, Dexter T. Delayed presentation of tracheooesophageal fistula following percutaneous dilatational tracheostomy. Anaesthesia. 2002;57(9):932–3.
40. Chang CY, Chang YT, Lee PL, Lin JT. Tracheoesophageal fistula.
Gastrointest Endosc. 2004;59(7):870.
41. Collier KP, Zubarik RS, Lewis JH. Tracheoesophageal fistula
from an indwelling endotracheal tube balloon: a report of two
cases and review. Gastrointest Endosc. 2000;51(2):231–4.
42. Mooty RC, Rath P, Self M, Dunn E, Mangram A. Review of
tracheo-esophageal fistula associated with endotracheal intubation. J Surg Educ. 2007;64(4):237–40.
43. Grant DM, Thompson GE. Diagnosis of congenital tracheoesophageal fistula in the adolescent and adult. Anesthesiology.
1978;49(2):139–40.
44. Lancaster JL, Hanafi Z, Jackson SR. Adult presentation of a tracheoesophageal fistula with co-existing laryngeal cleft. J Laryngol Otol. 1999;113(5):469–72.
45. Zacharias J, Genc O, Goldstraw P. Congenital tracheoesophageal
fistulas presenting in adults: presentation of two cases and a synopsis of the literature. J Thorac Cardiovasc Surg. 2004;128(2):316–8.
46. Finkelstein RG. The intraoperative diagnosis of a tracheoesophageal fistula in an adult. Anesthesiology. 1999;91(6):1946–7.
47. Smith HM, Bacon DR, Sprung J. Difficulty assessing endotracheal tube placement in a patient with undiagnosed iatrogenic
tracheoesophageal fistula. J Cardiothorac Vasc Anesth. 2006;
20(2):223–4.
48. Balazs A, Kupcsulik PK, Galambos Z. Esophagorespiratory fistulas of tumorous origin. Non-operative management of 264 cases in
a 20-year period. Eur J Cardiothorac Surg. 2008;34(5):1103–7.
49. Eleftheriadis E, Kotzampassi K. Temporary stenting of acquired
benign tracheoesophageal fistulas in critically ill ventilated
patients. Surg Endosc. 2005;19(6):811–5.
50. Macchiarini P, Verhoye JP, Chapelier A, Fadel E, Dartevelle
P. Evaluation and outcome of different surgical techniques for
postintubation tracheoesophageal fistulas. J Thorac Cardiovasc
Surg. 2000;119(2):268–76.
51. Cassivi SD, Deschamps C, Nichols FC III, Allen MS, Pairo
lero PC. Diverticula of the esophagus. Surg Clin North Am.
2005;85(3):495–503, ix.
52. Rascoe PA, Smythe WR. Excision of esophageal diverticula. 2nd
ed. Philadelphia: Lippincott, Williams, and Wilkins; 2007.
53. van Overbeek JJ. Pathogenesis and methods of treatment of
Zenker’s diverticulum. Ann Otol Rhinol Laryngol. 2003;112(7):
583–93.
54. Costantini M, Zaninotto G, Rizzetto C, Narne S, Ancona E.
Oesophageal diverticula. Best Pract Res Clin Gastroenterol.
2004;18(1):3–17.
55. Visosky AM, Parke RB, Donovan DT. Endoscopic management
of Zenker’s diverticulum: factors predictive of success or failure.
Ann Otol Rhinol Laryngol. 2008;117(7):531–7.
56. Varghese Jr TK, Marshall B, Chang AC, Pickens A, Lau CL,
Orringer MB. Surgical treatment of epiphrenic diverticula: a
30-year experience. Ann Thorac Surg. 2007;84(6):1801–9.
discussion 1801–9.
57. Kamangar F, Chow WH, Abnet CC, Dawsey SM. Environmental causes of esophageal cancer. Gastroenterol Clin North Am.
2009;38(1):27–57, vii.

438
58. Liu W, Zhang X, Sun W. Developments in treatment of esophageal/
gastric cancer. Curr Treat Options Oncol. 2008;9(4–6):375–87.
59. Maish MS, DeMeester SR. Endoscopic mucosal resection as a
staging technique to determine the depth of invasion of esophageal adenocarcinoma. Ann Thorac Surg. 2004;78(5):1777–82.
60. Prasad GA, Buttar NS, Wongkeesong LM, et al. Significance
of neoplastic involvement of margins obtained by endoscopic
mucosal resection in Barrett’s esophagus. Am J Gastroenterol.
2007;102(11):2380–6.
61. Ell C, May A, Pech O, et al. Curative endoscopic resection of
early esophageal adenocarcinomas (Barrett’s cancer). Gastrointest Endosc. 2007;65(1):3–10.
62. Pech O, Behrens A, May A, et al. Long-term results and risk factor
analysis for recurrence after curative endoscopic therapy in 349
patients with high-grade intraepithelial neoplasia and mucosal adenocarcinoma in Barrett’s oesophagus. Gut. 2008;57(9):1200–6.
63. Ilson DH. Esophageal cancer chemotherapy: recent advances.
Gastrointest Cancer Res. 2008;2(2):85–92.
64. Bleiberg H, Conroy T, Paillot B, et al. Randomised phase II study
of cisplatin and 5-fluorouracil (5-FU) versus cisplatin alone in
advanced squamous cell oesophageal cancer. Eur J Cancer.
1997;33(8):1216–20.
65. Wijnhoven BP, van Lanschot JJ, Tilanus HW, Steyerberg EW,
van der Gaast A. Neoadjuvant chemoradiotherapy for esophageal
cancer: a review of meta-analyses. World J Surg. 2009;33(12):
2606–14.
66. Veuillez V, Rougier P, Seitz JF. The multidisciplinary management
of gastrointestinal cancer. Multimodal treatment of oesophageal
cancer. Best Pract Res Clin Gastroenterol. 2007;21(6):947–63.
67. Fernando HC, Murthy SC, Hofstetter W, et al. The Society of
Thoracic Surgeons practice guideline series: guidelines for the
management of Barrett’s esophagus with high-grade dysplasia.
Ann Thorac Surg. 2009;87(6):1993–2002.
68. Orringer MB, Marshall B, Stirling MC. Transhiatal esophagectomy for benign and malignant disease. J Thorac Cardiovasc
Surg. 1993;105(2):265–76. discussion 267–76.
69. Ferraro P, Duranceau A. Esophagectomy for benign disease. In:
Pearson FG, Cooper JD, Deslauriers J, et al., editors. Esophageal surgery. 2nd ed. New York: Churchill Livingstone; 2002.
p. 453–64.
70. Orringer MB, Marshall B, Chang AC, Lee J, Pickens A, Lau CL.
Two thousand transhiatal esophagectomies: changing trends, lessons learned. Ann Surg. 2007;246(3):363–72. discussion 364–72.
71. Hulscher JB, Tijssen JG, Obertop H, van Lanschot JJ. Transthoracic versus transhiatal resection for carcinoma of the esophagus:
a meta-analysis. Ann Thorac Surg. 2001;72(1):306–13.
72. Hulscher JB, van Sandick JW, de Boer AG, et al. Extended
transthoracic resection compared with limited transhiatal resection for adenocarcinoma of the esophagus. N Engl J Med.
2002;347(21):1662–9.
73. Rentz J, Bull D, Harpole D, et al. Transthoracic versus transhiatal esophagectomy: a prospective study of 945 patients. J Thorac
Cardiovasc Surg. 2003;125(5):1114–20.
74. Luketich JD, Alvelo-Rivera M, Buenaventura PO, et al. Minimally invasive esophagectomy: outcomes in 222 patients. Ann
Surg. 2003;238(4):486–94. discussion 485–94.
75. Urschel JD. Late dysphagia after presternal colon interposition.
Dysphagia. 1996;11(1):75–7.
76. Cense HA, Visser MR, Van Sandick JW, et al. Quality of life after
colon interposition by necessity for esophageal cancer replacement. J Surg Oncol. 2004;88(1):32–8.

R.S. Blank et al.
77. Domreis JS, Jobe BA, Aye RW, Deveney KE, Sheppard BC,
Deveney CW. Management of long-term failure after colon interposition for benign disease. Am J Surg. 2002;183(5):544–6.
78. Jeyasingham K, Lerut T, Belsey RH. Revisional surgery after
colon interposition for benign oesophageal disease. Dis Esophagus. 1999;12(1):7–9.
79. de Delva PE, Morse CR, Austen Jr WG, et al. Surgical management of failed colon interposition. Eur J Cardiothorac Surg.
2008;34(2):432–7. discussion 437.
80. Doki Y, Okada K, Miyata H, et al. Long-term and short-term
evaluation of esophageal reconstruction using the colon or the
jejunum in esophageal cancer patients after gastrectomy. Dis
Esophagus. 2008;21(2):132–8.
81. Cerfolio RJ, Allen MS, Deschamps C, Trastek VF, Pairolero
PC. Esophageal replacement by colon interposition. Ann Thorac
Surg. 1995;59(6):1382–4.
82. Briel JW, Tamhankar AP, Hagen JA, et al. Prevalence and risk
factors for ischemia, leak, and stricture of esophageal anastomosis: gastric pull-up versus colon interposition. J Am Coll Surg.
2004;198(4):536–41. discussion 532–41.
83. Wain JC, Wright CD, Kuo EY, et al. Long-segment colon interposition for acquired esophageal disease. Ann Thorac Surg.
1999;67(2):313–7. discussion 317–8.
84. Ring WS, Varco RL, L’Heureux PR, Foker JE. Esophageal
replacement with jejunum in children: an 18 to 33 year followup. J Thorac Cardiovasc Surg. 1982;83(6):918–27.
85. Smith RW, Garvey CJ, Dawson PM, Davies DM. Jejunum versus
colon for free oesophageal reconstruction: an experimental radiological assessment. Br J Plast Surg. 1987;40(2):181–7.
86. Meyers WC, Seigler HF, Hanks JB, et al. Postoperative function of “free” jejunal transplants for replacement of the cervical
esophagus. Ann Surg. 1980;192(4):439–50.
87. Wright C, Cuschieri A. Jejunal interposition for benign esophageal disease. Technical considerations and long-term results. Ann
Surg. 1987;205(1):54–60.
88. Moreno-Osset E, Tomas-Ridocci M, Paris F, et al. Motor activity
of esophageal substitute (stomach, jejunal, and colon segments).
Ann Thorac Surg. 1986;41(5):515–9.
89. Swisher SG, Hofstetter WL, Miller MJ. The supercharged microvascular jejunal interposition. Semin Thorac Cardiovasc Surg.
2007;19(1):56–65.
90. Ascioti AJ, Hofstetter WL, Miller MJ, et al. Long-segment,
supercharged, pedicled jejunal flap for total esophageal reconstruction. J Thorac Cardiovasc Surg. 2005;130(5):1391–8.
91. Sungurtekin H, Sungurtekin U, Balci C, Zencir M, Erdem E.
The influence of nutritional status on complications after major
intraabdominal surgery. J Am Coll Nutr. 2004;23(3):227–32.
92. Windsor JA, Hill GL. Weight loss with physiologic impairment.
A basic indicator of surgical risk. Ann Surg. 1988;207(3):290–6.
93. Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007
guidelines on perioperative cardiovascular evaluation and care for
noncardiac surgery: executive summary: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (writing committee to revise the 2002 guidelines on perioperative cardiovascular evaluation for noncardiac
surgery) developed in collaboration with the American Society
of Echocardiography, American Society of Nuclear Cardiology,
Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions,
Society for Vascular Medicine and Biology, and Society for
Vascular Surgery. J Am Coll Cardiol. 2007;50(17):1707–32.

30. Anesthesia for Esophageal Surgery
94. Yamanaka Y, Mammoto T, Kita T, Kishi Y. A study of 13
patients with gastric tube in place after esophageal resection:
use of omeprazole to decrease gastric acidity and volume. J Clin
Anesth. 2001;13(5):370–3.
95. Pisegna JR, Karlstadt RG, Norton JA, et al. Effect of preoperative intravenous pantoprazole in elective-surgery patients: a
pilot study. Dig Dis Sci. 2009;54(5):1041–9.
96. Nishina K, Mikawa K, Takao Y, Shiga M, Maekawa N, Obara
H. A comparison of rabeprazole, lansoprazole, and ranitidine for
improving preoperative gastric fluid property in adults undergoing elective surgery. Anesth Analg. 2000;90(3):717–21.
97. Jeske HC, Borovicka J, von Goedecke A, et al. Preoperative
administration of esomeprazole has no influence on frequency
of refluxes. J Clin Anesth. 2008;20(3):191–5.
98. Ng A, Smith G. Gastroesophageal reflux and aspiration of gastric contents in anesthetic practice. Anesth Analg. 2001;93(2):
494–513.
99. Pisegna JR, Martindale RG. Acid suppression in the perioperative period. J Clin Gastroenterol. 2005;39(1):10–6.
100. Rudin A, Flisberg P, Johansson J, Walther B, Lundberg CJ. Thoracic epidural analgesia or intravenous morphine analgesia after
thoracoabdominal esophagectomy: a prospective follow-up of
201 patients. J Cardiothorac Vasc Anesth. 2005;19(3):350–7.
101. Flisberg P, Tornebrandt K, Walther B, Lundberg J. Pain relief after
esophagectomy: thoracic epidural analgesia is better than parenteral opioids. J Cardiothorac Vasc Anesth. 2001;15(3):282–7.
102. Smedstad KG, Beattie WS, Blair WS, Buckley DN. Postoperative pain relief and hospital stay after total esophagectomy. Clin
J Pain. 1992;8(2):149–53.
103. Tsui SL, Law S, Fok M, et al. Postoperative analgesia reduces
mortality and morbidity after esophagectomy. Am J Surg.
1997;173(6):472–8.
104. Ballantyne JC, Carr DB, deFerranti S, et al. The comparative
effects of postoperative analgesic therapies on pulmonary outcome: cumulative meta-analyses of randomized, controlled trials. Anesth Analg. 1998;86(3):598–612.
105. Cense HA, Lagarde SM, de Jong K, et al. Association of no
epidural analgesia with postoperative morbidity and mortality
after transthoracic esophageal cancer resection. J Am Coll Surg.
2006;202(3):395–400.
106. Michelet P, D’Journo XB, Roch A, et al. Perioperative risk factors for anastomotic leakage after esophagectomy: influence of
thoracic epidural analgesia. Chest. 2005;128(5):3461–6.
107. Whooley BP, Law S, Murthy SC, Alexandrou A, Wong J. Analysis of reduced death and complication rates after esophageal
resection. Ann Surg. 2001;233(3):338–44.
108. Yap FH, Lau JY, Joynt GM, Chui PT, Chan AC, Chung SS.
Early extubation after transthoracic oesophagectomy. Hong
Kong Med J. 2003;9(2):98–102.
109. Neal JM, Wilcox RT, Allen HW, Low DE. Near-total esophagectomy: the influence of standardized multimodal management
and intraoperative fluid restriction. Reg Anesth Pain Med.
2003;28(4):328–34.
110. Low DE, Kunz S, Schembre D, et al. Esophagectomy – it’s not
just about mortality anymore: standardized perioperative clinical
pathways improve outcomes in patients with esophageal cancer.
J Gastrointest Surg. 2007;11(11):1395–402. discussion 1402.
111. Buise M, Van Bommel J, Mehra M, Tilanus HW, Van Zundert
A, Gommers D. Pulmonary morbidity following esophagectomy is decreased after introduction of a multimodal anesthetic
regimen. Acta Anaesthesiol Belg. 2008;59(4):257–61.

439
112. Kahn L, Baxter FJ, Dauphin A, et al. A comparison of thoracic
and lumbar epidural techniques for post-thoracoabdominal
esophagectomy analgesia. Can J Anaesth. 1999;46(5 Pt 1):
415–22.
113. Luketich JD, Land SR, Sullivan EA, et al. Thoracic epidural
versus intercostal nerve catheter plus patient-controlled analgesia: a randomized study. Ann Thorac Surg. 2005;79(6):1845–9.
discussion 1849–50.
114. Debreceni G, Molnar Z, Szelig L, Molnar TF. Continuous epidural or intercostal analgesia following thoracotomy: a prospective randomized double-blind clinical trial. Acta Anaesthesiol
Scand. 2003;47(9):1091–5.
115. Francois T, Blanloeil Y, Pillet F, et al. Effect of interpleural
administration of bupivacaine or lidocaine on pain and morphine requirement after esophagectomy with thoracotomy: a
randomized, double-blind and controlled study. Anesth Analg.
1995;80(4):718–23.
116. Wheatley III GH, Rosenbaum DH, Paul MC, et al. Improved
pain management outcomes with continuous infusion of a
local anesthetic after thoracotomy. J Thorac Cardiovasc Surg.
2005;130(2):464–8.
117. Marret E, Bazelly B, Taylor G, et al. Paravertebral block with
ropivacaine 0.5% versus systemic analgesia for pain relief after
thoracotomy. Ann Thorac Surg. 2005;79(6):2109–13.
118. Casati A, Alessandrini P, Nuzzi M, et al. A prospective, randomized, blinded comparison between continuous thoracic paravertebral and epidural infusion of 0.2% ropivacaine after lung
resection surgery. Eur J Anaesthesiol. 2006;23(12):999–1004.
119. Davies RG, Myles PS, Graham JM. A comparison of the analgesic efficacy and side-effects of paravertebral vs epidural blockade for thoracotomy – a systematic review and meta-analysis of
randomized trials. Br J Anaesth. 2006;96(4):418–26.
120. Conlon NP, Shaw AD, Grichnik KP. Postthoracotomy paravertebral analgesia: will it replace epidural analgesia? Anesthesiol
Clin. 2008;26(2):369–80, viii.
121. Daly DJ, Myles PS. Update on the role of paravertebral blocks
for thoracic surgery: are they worth it? Curr Opin Anaesthesiol.
2009;22(1):38–43.
122. Yegin A, Erdogan A, Kayacan N, Karsli B. Early postoperative
pain management after thoracic surgery; pre- and postoperative
versus postoperative epidural analgesia: a randomised study.
Eur J Cardiothorac Surg. 2003;24(3):420–4.
123. Bong CL, Samuel M, Ng JM, Ip-Yam C. Effects of preemptive
epidural analgesia on post-thoracotomy pain. J Cardiothorac
Vasc Anesth. 2005;19(6):786–93.
124. Katz J, Jackson M, Kavanagh BP, Sandler AN. Acute pain after
thoracic surgery predicts long-term post-thoracotomy pain. Clin
J Pain. 1996;12(1):50–5.
125. Chen HC, Huang HJ, Wu CY, Lin TS, Fang HY. Esophageal
schwannoma with tracheal compression. Thorac Cardiovasc
Surg. 2006;54(8):555–8.
126. Mizuguchi S, Inoue K, Imagawa A, et al. Benign esophageal
schwannoma compressing the trachea in pregnancy. Ann Thorac Surg. 2008;85(2):660–2.
127. Sasano H, Sasano N, Ito S, et al. Continuous positive airway
pressure applied through a bronchial blocker as a treatment for
hypoxemia due to stenosis of the left main bronchus. Anesthesiology. 2009;110(5):1199–200.
128. Andronikou S, Wieselthaler N, Kilborn T. Significant airway
compromise in a child with a posterior mediastinal mass due to
tuberculous spondylitis. Pediatr Radiol. 2005;35(11):1159–60.

440
129. Blank RS, Waldrop CS, Balestrieri PJ. Pseudomeningocele: an
unusual cause of intraoperative tracheal compression and expiratory obstruction. Anesth Analg. 2008;107(1):226–8.
130. ul Huda A, Siddiqui KM, Khan FH. Emergency airway management of a patient with mediastinal mass. J Pak Med Assoc.
2007;57(3):152–4.
131. Tokunaga T, Takeda S, Sumimura J, Maeda H. Esophageal
schwannoma: report of a case. Surg Today. 2007;37(6):500–2.
132. Hasan N, Mandhan P. Respiratory obstruction caused by lipoma
of the esophagus. J Pediatr Surg. 1994;29(12):1565–6.
133. Arcos E, Medina C, Mearin F, Larish J, Guarner L, Malagelada
JR. Achalasia presenting as acute airway obstruction. Dig Dis
Sci. 2000;45(10):2079–83.
134. Bechard P, Letourneau L, Lacasse Y, Cote D, Bussieres JS.
Perioperative cardiorespiratory complications in adults with
mediastinal mass: incidence and risk factors. Anesthesiology.
2004;100(4):826–34. discussion 825A.
135. Black DR, Thangathurai D, Senthilkumar N, Roffey P,
Mikhail M. High risk of aspiration and difficult intubation
in post-esophagectomy patients. Acta Anaesthesiol Scand.
1999;43(6):687.
136. Pennefather SH. Anaesthesia for oesophagectomy. Curr Opin
Anaesthesiol. 2007;20(1):15–20.
137. Ng JM. Perioperative anesthetic management for esophagectomy. Anesthesiol Clin. 2008;26(2):293–304, vi.
138. de Souza DG, Gaughen CL. Aspiration risk after esophagectomy. Anesth Analg. 2009;109(4):1352.
139. Robinson GV, Kanji H, Davies RJ, Gleeson FV. Selective pulmonary fat aspiration complicating oesophageal achalasia. Thorax. 2004;59(2):180.
140. Akritidis N, Gousis C, Dimos G, Paparounas K. Fever, cough,
and bilateral lung infiltrates. Achalasia associated with aspiration pneumonia. Chest. 2003;123(2):608–12.
141. American Society of Anesthesiologist Task Force on Preoperative Fasting. Practice guidelines for preoperative fasting and the
use of pharmacologic agents to reduce the risk of pulmonary
aspiration: application to healthy patients undergoing elective
procedures: a report by the American Society of Anesthesiologist Task Force on Preoperative Fasting. Anesthesiology.
1999;90(3):896–905.
142. Brady M, Kinn S, Stuart P. Preoperative fasting for adults to
prevent perioperative complications. Cochrane Database Syst
Rev. 2003;4:CD004423.
143. Ovassapian A, Salem MR. Sellick’s maneuver: to do or not do.
Anesth Analg. 2009;109(5):1360–2.
144. Lerman J. On cricoid pressure: “may the force be with you”.
Anesth Analg. 2009;109(5):1363–6.
145. Smith KJ, Dobranowski J, Yip G, Dauphin A, Choi PT. Cricoid
pressure displaces the esophagus: an observational study using
magnetic resonance imaging. Anesthesiology. 2003;99(1):
60–4.
146. Rice MJ, Mancuso AA, Gibbs C, Morey TE, Gravenstein N,
Deitte LA. Cricoid pressure results in compression of the postcricoid hypopharynx: the esophageal position is irrelevant.
Anesth Analg. 2009;109(5):1546–52.
147. Brimacombe JR, Berry AM. Cricoid pressure. Can J Anaesth.
1997;44(4):414–25.
148. Ellis DY, Harris T, Zideman D. Cricoid pressure in emergency
department rapid sequence tracheal intubations: a risk-benefit
analysis. Ann Emerg Med. 2007;50(6):653–65.

R.S. Blank et al.
149. Heath KJ, Palmer M, Fletcher SJ. Fracture of the cricoid cartilage
after Sellick’s manoeuvre. Br J Anaesth. 1996;76(6):877–8.
150. Landsman I. Cricoid pressure: indications and complications.
Paediatr Anaesth. 2004;14(1):43–7.
151. Garrard A, Campbell AE, Turley A, Hall JE. The effect of
mechanically-induced cricoid force on lower oesophageal
sphincter pressure in anaesthetised patients. Anaesthesia.
2004;59(5):435–9.
152. Whittington RM, Robinson JS, Thompson JM. Prevention of
fatal aspiration syndrome. Lancet. 1979;2(8143):630–1.
153. Williamson R. Cricoid pressure. Can J Anaesth.
1989;36(5):601.
154. Neilipovitz DT, Crosby ET. No evidence for decreased incidence of aspiration after rapid sequence induction. Can J
Anaesth. 2007;54(9):748–64.
155. Gobindram A, Clarke S. Cricoid pressure: should we lay off the
pressure? Anaesthesia. 2008;63(11):1258–9.
156. Snow RG, Nunn JF. Induction of anaesthesia in the footdown position for patients with a full stomach. Br J Anaesth.
1959;31:493–7.
157. Hodges RJ, Bennett JR, Tunstall ME, Knight RF. General
anaesthesia for operative obstetrics: with special reference
to the use of thiopentone and suxamethonium. Br J Anaesth.
1959;31(4):152–63.
158. Agnew NM, Kendall JB, Akrofi M, et al. Gastroesophageal
reflux and tracheal aspiration in the thoracotomy position:
should ranitidine premedication be routine? Anesth Analg.
2002;95(6):1645–9.
159. Blunt MC, Young PJ, Patil A, Haddock A. Gel lubrication of the
tracheal tube cuff reduces pulmonary aspiration. Anesthesiology. 2001;95(2):377–81.
160. Sanjay PS, Miller SA, Corry PR, Russell GN, Pennefather SH.
The effect of gel lubrication on cuff leakage of double lumen
tubes during thoracic surgery. Anaesthesia. 2006;61(2):133–7.
161. Shackcloth MJ, McCarron E, Kendall J, et al. Randomized
clinical trial to determine the effect of nasogastric drainage on
tracheal acid aspiration following oesophagectomy. Br J Surg.
2006;93(5):547–52.
162. Benumof JL. Difficult tubes and difficult airways. J Cardiothorac Vasc Anesth. 1998;12(2):131–2.
163. Vanner R. Arndt endobronchial blocker during oesophagectomy. Anaesthesia. 2005;60(3):295–6.
164. Chen A, Lai HY, Lin PC, Chen TY, Shyr MH. GlideScopeassisted double-lumen endobronchial tube placement in a
patient with an unanticipated difficult airway. J Cardiothorac
Vasc Anesth. 2008;22(1):170–2.
165. Yamazaki T, Ohsumi H. The airway scope is a practical intubation device for a double-lumen tube during rapid-sequence
induction. J Cardiothorac Vasc Anesth. 2009;23(6):926.
166. Angie Ho CY, Chen CY, Yang MW, Liu HP. Use of the Arndt
wire-guided endobronchial blocker via nasal for one-lung ventilation in patient with anticipated restricted mouth opening for
esophagectomy. Eur J Cardiothorac Surg. 2005;28(1):174–5.
167. Narayanaswamy M, McRae K, Slinger P, et al. Choosing a lung
isolation device for thoracic surgery: a randomized trial of three
bronchial blockers versus double-lumen tubes. Anesth Analg.
2009;108(4):1097–101.
168. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M.
A rational approach to perioperative fluid management. Anesthesiology. 2008;109(4):723–40.

30. Anesthesia for Esophageal Surgery
169. Holte K, Sharrock NE, Kehlet H. Pathophysiology and clinical
implications of perioperative fluid excess. Br J Anaesth. 2002;
89(4):622–32.
170. Brandstrup B, Tonnesen H, Beier-Holgersen R, et al. Effects of
intravenous fluid restriction on postoperative complications: comparison of two perioperative fluid regimens: a randomized assessor-blinded multicenter trial. Ann Surg. 2003;238(5):641–8.
171. Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ,
Allison SP. Effect of salt and water balance on recovery of
gastrointestinal function after elective colonic resection: a randomised controlled trial. Lancet. 2002;359(9320):1812–8.
172. Nisanevich V, Felsenstein I, Almogy G, Weissman C, Einav S,
Matot I. Effect of intraoperative fluid management on outcome
after intraabdominal surgery. Anesthesiology. 2005;103(1):25–32.
173. Bernard A, Deschamps C, Allen MS, et al. Pneumonectomy for
malignant disease: factors affecting early morbidity and mortality. J Thorac Cardiovasc Surg. 2001;121(6):1076–82.
174. Licker M, de Perrot M, Spiliopoulos A, et al. Risk factors for
acute lung injury after thoracic surgery for lung cancer. Anesth
Analg. 2003;97(6):1558–65.
175. Fernandez-Perez ER, Keegan MT, Brown DR, Hubmayr
RD, Gajic O. Intraoperative tidal volume as a risk factor for
respiratory failure after pneumonectomy. Anesthesiology.
2006;105(1):14–8.
176. Wei S, Tian J, Song X, Chen Y. Association of perioperative
fluid balance and adverse surgical outcomes in esophageal
cancer and esophagogastric junction cancer. Ann Thorac Surg.
2008;86(1):266–72.
177. Kita T, Mammoto T, Kishi Y. Fluid management and postoperative respiratory disturbances in patients with transthoracic
esophagectomy for carcinoma. J Clin Anesth. 2002;14(4):252–6.
178. Concha MR, Mertz VF, Cortinez LI, et al. The volume of lactated Ringer’s solution required to maintain preload and cardiac
index during open and laparoscopic surgery. Anesth Analg.
2009;108(2):616–22.
179. Marik PE, Baram M, Vahid B. Does central venous pressure
predict fluid responsiveness? A systematic review of the literature and the tale of seven mares. Chest. 2008;134(1):172–8.
180. Oohashi S, Endoh H. Does central venous pressure or pulmonary
capillary wedge pressure reflect the status of circulating blood
volume in patients after extended transthoracic esophagectomy?
J Anesth. 2005;19(1):21–5.
181. Gan TJ, Soppitt A, Maroof M, et al. Goal-directed intraoperative fluid administration reduces length of hospital stay after
major surgery. Anesthesiology. 2002;97(4):820–6.
182. Pearse R, Dawson D, Fawcett J, Rhodes A, Grounds RM, Bennett ED. Early goal-directed therapy after major surgery reduces
complications and duration of hospital stay. A randomised, controlled trial [ISRCTN38797445]. Crit Care. 2005;9(6):R687–93.
183. Donati A, Loggi S, Preiser JC, et al. Goal-directed intraoperative therapy reduces morbidity and length of hospital stay in
high-risk surgical patients. Chest. 2007;132(6):1817–24.
184. Lopes MR, Oliveira MA, Pereira VO, Lemos IP, Auler Jr JO,
Michard F. Goal-directed fluid management based on pulse
pressure variation monitoring during high-risk surgery: a pilot
randomized controlled trial. Crit Care. 2007;11(5):R100.
185. Noblett SE, Snowden CP, Shenton BK, Horgan AF. Randomized clinical trial assessing the effect of Doppler-optimized fluid
management on outcome after elective colorectal resection. Br J
Surg. 2006;93(9):1069–76.

441
186. Mythen MG, Webb AR. Perioperative plasma volume expansion reduces the incidence of gut mucosal hypoperfusion during
cardiac surgery. Arch Surg. 1995;130(4):423–9.
187. Sinclair S, James S, Singer M. Intraoperative intravascular
volume optimisation and length of hospital stay after repair of
proximal femoral fracture: randomised controlled trial. BMJ.
1997;315(7113):909–12.
188. McKendry M, McGloin H, Saberi D, Caudwell L, Brady AR,
Singer M. Randomised controlled trial assessing the impact of
a nurse delivered, flow monitored protocol for optimisation of
circulatory status after cardiac surgery. BMJ. 2004;329(7460):258.
189. Wakeling HG, McFall MR, Jenkins CS, et al. Intraoperative
oesophageal Doppler guided fluid management shortens postoperative hospital stay after major bowel surgery. Br J Anaesth.
2005;95(5):634–42.
190. Goepfert MS, Reuter DA, Akyol D, Lamm P, Kilger E, Goetz
AE. Goal-directed fluid management reduces vasopressor and
catecholamine use in cardiac surgery patients. Intensive Care
Med. 2007;33(1):96–103.
191. Bundgaard-Nielsen M, Holte K, Secher NH, Kehlet H. Monitoring of peri-operative fluid administration by individualized goaldirected therapy. Acta Anaesthesiol Scand. 2007;51(3):331–40.
192. Manecke GR. Edwards FloTrac sensor and Vigileo monitor:
easy, accurate, reliable cardiac output assessment using the arterial pulse wave. Expert Rev Med Devices. 2005;2(5):523–7.
193. Cannesson M, Musard H, Desebbe O, et al. The ability of
stroke volume variations obtained with Vigileo/FloTrac system to monitor fluid responsiveness in mechanically ventilated
patients. Anesth Analg. 2009;108(2):513–7.
194. Manecke Jr GR, Auger WR. Cardiac output determination from
the arterial pressure wave: clinical testing of a novel algorithm
that does not require calibration. J Cardiothorac Vasc Anesth.
2007;21(1):3–7.
195. Godje O, Hoke K, Goetz AE, et al. Reliability of a new algorithm for continuous cardiac output determination by pulsecontour analysis during hemodynamic instability. Crit Care
Med. 2002;30(1):52–8.
196. Moretti EW, Robertson KM, El-Moalem H, Gan TJ. Intraoperative colloid administration reduces postoperative nausea and
vomiting and improves postoperative outcomes compared with
crystalloid administration. Anesth Analg. 2003;96(2):611–7.
197. Kimberger O, Arnberger M, Brandt S, et al. Goal-directed colloid administration improves the microcirculation of healthy and
perianastomotic colon. Anesthesiology. 2009;110(3):496–504.
198. Lang K, Boldt J, Suttner S, Haisch G. Colloids versus crystalloids and tissue oxygen tension in patients undergoing major
abdominal surgery. Anesth Analg. 2001;93(2):405–9.
199. McIlroy DR, Kharasch ED. Acute intravascular volume expansion with rapidly administered crystalloid or colloid in the setting
of moderate hypovolemia. Anesth Analg. 2003;96(6):1572–7.
200. Di Filippo A, Ciapetti M, Prencipe D, et al. Experimentallyinduced acute lung injury: the protective effect of hydroxyethyl
starch. Ann Clin Lab Sci. 2006;36(3):345–52.
201. Verheij J, van Lingen A, Raijmakers PG, et al. Effect of fluid
loading with saline or colloids on pulmonary permeability,
oedema and lung injury score after cardiac and major vascular
surgery. Br J Anaesth. 2006;96(1):21–30.
202. Matharu NM, Butler LM, Rainger GE, Gosling P, Vohra RK,
Nash GB. Mechanisms of the anti-inflammatory effects of
hydroxyethyl starch demonstrated in a flow-based model of

442
neutrophil recruitment by endothelial cells. Crit Care Med.
2008;36(5):1536–42.
203. Boldt J, Brosch C, Rohm K, Lehmann A, Mengistu A, Suttner S. Is albumin administration in hypoalbuminemic elderly
cardiac surgery patients of benefit with regard to inflammation,
endothelial activation, and long-term kidney function? Anesth
Analg. 2008;107(5):1496–503.
204. Jacob M, Bruegger D, Rehm M, Welsch U, Conzen P, Becker
BF. Contrasting effects of colloid and crystalloid resuscitation fluids on cardiac vascular permeability. Anesthesiology.
2006;104(6):1223–31.
205. Rackow EC, Weil MH, Macneil AR, Makabali CG, Michaels
S. Effects of crystalloid and colloid fluids on extravascular lung water in hypoproteinemic dogs. J Appl Physiol.
1987;62(6):2421–5.
206. Nohe B, Burchard M, Zanke C, et al. Endothelial accumulation of
hydroxyethyl starch and functional consequences on leukocyteendothelial interactions. Eur Surg Res. 2002;34(5):364–72.
207. Nohe B, Johannes T, Reutershan J, et al. Synthetic colloids
attenuate leukocyte-endothelial interactions by inhibition of
integrin function. Anesthesiology. 2005;103(4):759–67.
208. Handrigan MT, Burns AR, Donnachie EM, Bowden RA.
Hydroxyethyl starch inhibits neutrophil adhesion and transendothelial migration. Shock. 2005;24(5):434–9.
209. Rehm M, Zahler S, Lotsch M, et al. Endothelial glycocalyx as
an additional barrier determining extravasation of 6% hydroxyethyl starch or 5% albumin solutions in the coronary vascular
bed. Anesthesiology. 2004;100(5):1211–23.
210. Jungheinrich C, Scharpf R, Wargenau M, Bepperling F,
Baron JF. The pharmacokinetics and tolerability of an intravenous infusion of the new hydroxyethyl starch 130/0.4 (6%,
500 mL) in mild-to-severe renal impairment. Anesth Analg.
2002;95(3):544–51.
211. Boldt J, Brosch C, Ducke M, Papsdorf M, Lehmann A. Influence of volume therapy with a modern hydroxyethylstarch
preparation on kidney function in cardiac surgery patients with
compromised renal function: a comparison with human albumin. Crit Care Med. 2007;35(12):2740–6.
212. Mukhtar A, Aboulfetouh F, Obayah G, et al. The safety of
modern hydroxyethyl starch in living donor liver transplantation: a comparison with human albumin. Anesth Analg.
2009;109(3):924–30.
213. Gandhi SD, Weiskopf RB, Jungheinrich C, et al. Volume
replacement therapy during major orthopedic surgery using
Voluven (hydroxyethyl starch 130/0.4) or hetastarch. Anesthesiology. 2007;106(6):1120–7.
214. Gallandat Huet RC, Siemons AW, Baus D, et al. A novel
hydroxyethyl starch (Voluven) for effective perioperative
plasma volume substitution in cardiac surgery. Can J Anaesth.
2000;47(12):1207–15.
215. Boldt J, Ducke M, Kumle B, Papsdorf M, Zurmeyer EL. Influence of different volume replacement strategies on inflammation and endothelial activation in the elderly undergoing major
abdominal surgery. Intensive Care Med. 2004;30(3):416–22.
216. Faulx AL, Catanzaro A, Zyzanski S, et al. Patient tolerance and
acceptance of unsedated ultrathin esophagoscopy. Gastrointest
Endosc. 2002;55(6):620–3.
217. Nguyen ST, Cabrales RE, Bashour CA, et al. Benzocaine-induced
methemoglobinemia. Anesth Analg. 2000;90(2):369–71.
218. Gunaratnam NT, Vazquez-Sequeiros E, Gostout CJ, Alexander
GL. Methemoglobinemia related to topical benzocaine use: is it

R.S. Blank et al.
time to reconsider the empiric use of topical anesthesia before
sedated EGD? Gastrointest Endosc. 2000;52(5):692–3.
219. Busick T, Kussman M, Scheidt T, Tobias JD. Preliminary experience with dexmedetomidine for monitored anesthesia care during ENT surgical procedures. Am J Ther. 2008;15(6):520–7.
220. Gitzelmann CA, Gysin C, Weiss M. Dorsal flexion of head and
neck for rigid oesophagoscopy – a caution for hidden foreign
bodies dropped into the epipharynx. Acta Anaesthesiol Scand.
2003;47(9):1178–9.
221. Lee SH. The role of oesophageal stenting in the non-surgical management of oesophageal strictures. Br J Radiol.
2001;74(886):891–900.
222. Verschuur EM, Kuipers EJ, Siersema PD. Esophageal stents for
malignant strictures close to the upper esophageal sphincter.
Gastrointest Endosc. 2007;66(6):1082–90.
223. Freeman RK, Van Woerkom JM, Ascioti AJ. Esophageal stent
placement for the treatment of iatrogenic intrathoracic esophageal perforation. Ann Thorac Surg. 2007;83(6):2003–7. discussion 2007–8.
224. Annese V, Bassotti G. Non-surgical treatment of esophageal
achalasia. World J Gastroenterol. 2006;12(36):5763–6.
225. Calverley RK, Johnston AE. The anaesthetic management of
tracheo-oesophageal fistula: a review of ten years’ experience.
Can Anaesth Soc J. 1972;19(3):270–82.
226. Baraka A, Slim M. Cardiac arrest during IPPV in a newborn with
tracheoesophageal fistula. Anesthesiology. 1970;32(6):564–5.
227. Horishita T, Ogata J, Minami K. Unique anesthetic management of a patient with a large tracheoesophageal fistula using
fiberoptic bronchoscopy. Anesth Analg. 2003;97(6):1856.
228. Chan CS. Anaesthetic management during repair of tracheooesophageal fistula. Anaesthesia. 1984;39(2):158–60.
229. Ichinose M, Sakai H, Miyazaki I, et al. Independent lung ventilation combined with HFOV for a patient suffering from tracheo-gastric roll fistula. J Anesth. 2008;22(3):282–5.
230. Patti MG, Wiener-Kronish JP, Way LW, Pellegrini CA. Impact
of transhiatal esophagectomy on cardiac and respiratory function. Am J Surg. 1991;162(6):563–6. discussion 566–7.
231. Malhotra SK, Kaur RP, Gupta NM, Grover A, Ramprabu K,
Nakra D. Incidence and types of arrhythmias after mediastinal
manipulation during transhiatal esophagectomy. Ann Thorac
Surg. 2006;82(1):298–302.
232. Ikeda Y, Niimi M, Kan S, Shatari T, Takami H, Kodaira S.
Clinical significance of tissue blood flow during esophagectomy by laser Doppler flowmetry. J Thorac Cardiovasc Surg.
2001;122(6):1101–6.
233. Kusano C, Baba M, Takao S, et al. Oxygen delivery as a factor
in the development of fatal postoperative complications after
oesophagectomy. Br J Surg. 1997;84(2):252–7.
234. Urschel JD. Esophagogastrostomy anastomotic leaks complicating esophagectomy: a review. Am J Surg. 1995;169(6):
634–40.
235. Al-Rawi OY, Pennefather SH, Page RD, Dave I, Russell GN.
The effect of thoracic epidural bupivacaine and an intravenous adrenaline infusion on gastric tube blood flow during
esophagectomy. Anesth Analg. 2008;106(3):884–7.
236. Page RD, Shackcloth MJ, Russell GN, Pennefather SH. Surgical treatment of anastomotic leaks after oesophagectomy. Eur J
Cardiothorac Surg. 2005;27(2):337–43.
237. Bartels H, Stein HJ, Siewert JR. Early extubation vs. late extubation after esophagus resection: a randomized, prospective study.
Langenbecks Arch Chir Suppl Kongressbd. 1998;115:1074–6.

30. Anesthesia for Esophageal Surgery
238. Caldwell MT, Murphy PG, Page R, Walsh TN, Hennessy
TP. Timing of extubation after oesophagectomy. Br J Surg.
1993;80(12):1537–9.
239. Lanuti M, de Delva PE, Maher A, et al. Feasibility and outcomes of an early extubation policy after esophagectomy. Ann
Thorac Surg. 2006;82(6):2037–41.
240. Jiang K, Cheng L, Wang JJ, Li JS, Nie J. Fast track clinical
pathway implications in esophagogastrectomy. World J Gastroenterol. 2009;15(4):496–501.
241. Chandrashekar MV, Irving M, Wayman J, Raimes SA, Linsley A.
Immediate extubation and epidural analgesia allow safe management in a high-dependency unit after two-stage oesophagectomy. Results of eight years of experience in a specialized upper
gastrointestinal unit in a district general hospital. Br J Anaesth.
2003;90(4):474–9.
242. Verhage RJ, Hazebroek EJ, Boone J, Van Hillegersberg R.
Minimally invasive surgery compared to open procedures in
esophagectomy for cancer: a systematic review of the literature.
Minerva Chir. 2009;64(2):135–46.
243. Martin LW, Hofstetter W, Swisher SG, Roth JA. Management
of intrathoracic leaks following esophagectomy. Adv Surg.
2006;40:173–90.
244. Amar D, Burt ME, Bains MS, Leung DH. Symptomatic tachydysrhythmias after esophagectomy: incidence and outcome
measures. Ann Thorac Surg. 1996;61(5):1506–9.
245. Murthy SC, Law S, Whooley BP, Alexandrou A, Chu KM,
Wong J. Atrial fibrillation after esophagectomy is a marker for
postoperative morbidity and mortality. J Thorac Cardiovasc
Surg. 2003;126(4):1162–7.
246. Vaporciyan AA, Correa AM, Rice DC, et al. Risk factors
associated with atrial fibrillation after noncardiac thoracic
surgery: analysis of 2588 patients. J Thorac Cardiovasc Surg.
2004;127(3):779–86.
247. Ma JY, Wang Y, Zhao YF, et al. Atrial fibrillation after surgery
for esophageal carcinoma: clinical and prognostic significance.
World J Gastroenterol. 2006;12(3):449–52.
248. Sedrakyan A, Treasure T, Browne J, Krumholz H, Sharpin C,
van der Meulen J. Pharmacologic prophylaxis for postoperative atrial tachyarrhythmia in general thoracic surgery: evidence
from randomized clinical trials. J Thorac Cardiovasc Surg.
2005;129(5):997–1005.
249. Law SY, Fok M, Wong J. Risk analysis in resection of squamous cell
carcinoma of the esophagus. World J Surg. 1994;18(3):339–46.
250. Law S, Wong KH, Kwok KF, Chu KM, Wong J. Predictive factors
for postoperative pulmonary complications and mortality after
esophagectomy for cancer. Ann Surg. 2004;240(5):791–800.
251. Ferguson MK, Durkin AE. Preoperative prediction of the risk
of pulmonary complications after esophagectomy for cancer.
J Thorac Cardiovasc Surg. 2002;123(4):661–9.
252. Bailey SH, Bull DA, Harpole DH, et al. Outcomes after
esophagectomy: a ten-year prospective cohort. Ann Thorac
Surg. 2003;75(1):217–22. discussion 222.
253. Muller JM, Erasmi H, Stelzner M, Zieren U, Pichlmaier H. Surgical
therapy of oesophageal carcinoma. Br J Surg. 1990;77(8):845–57.
254. Jiao WJ, Wang TY, Gong M, Pan H, Liu YB, Liu ZH. Pulmonary complications in patients with chronic obstructive pulmonary disease following transthoracic esophagectomy. World J
Gastroenterol. 2006;12(16):2505–9.
255. Tandon S, Batchelor A, Bullock R, et al. Peri-operative risk factors for acute lung injury after elective oesophagectomy. Br J
Anaesth. 2001;86(5):633–8.

443
256. Michelet P, D’Journo XB, Roch A, et al. Protective ventilation
influences systemic inflammation after esophagectomy: a randomized controlled study. Anesthesiology. 2006;105(5):911–9.
257. Nakanishi K, Takeda S, Terajima K, Takano T, Ogawa R. Myocardial dysfunction associated with proinflammatory cytokines
after esophageal resection. Anesth Analg. 2000;91(2):270–5.
258. Kooguchi K, Kobayashi A, Kitamura Y, et al. Elevated expression of inducible nitric oxide synthase and inflammatory cytokines in the alveolar macrophages after esophagectomy. Crit
Care Med. 2002;30(1):71–6.
259. Reid PT, Donnelly SC, MacGregor IR, et al. Pulmonary
endothelial permeability and circulating neutrophil-endothelial
markers in patients undergoing esophagogastrectomy. Crit Care
Med. 2000;28(9):3161–5.
260. Rocker GM, Wiseman MS, Pearson D, Shale DJ. Neutrophil
degranulation and increased pulmonary capillary permeability
following oesophagectomy: a model of early lung injury in
man. Br J Surg. 1988;75(9):883–6.
261. Donnelly SC, Strieter RM, Kunkel SL, et al. Interleukin-8 and
development of adult respiratory distress syndrome in at-risk
patient groups. Lancet. 1993;341(8846):643–7.
262. Hay DW, Sarau HM. Interleukin-8 receptor antagonists in pulmonary diseases. Curr Opin Pharmacol. 2001;1(3):242–7.
263. Zeilhofer HU, Schorr W. Role of interleukin-8 in neutrophil signaling. Curr Opin Hematol. 2000;7(3):178–82.
264. Cree RT, Warnell I, Staunton M, et al. Alveolar and plasma
concentrations of interleukin-8 and vascular endothelial growth
factor following oesophagectomy. Anaesthesia. 2004;59(9):
867–71.
265. Tsukada K, Hasegawa T, Miyazaki T, et al. Predictive value of
interleukin-8 and granulocyte elastase in pulmonary complication after esophagectomy. Am J Surg. 2001;181(2):167–71.
266. Michelet P, Roch A, D’Journo XB, et al. Effect of thoracic epidural analgesia on gastric blood flow after oesophagectomy.
Acta Anaesthesiol Scand. 2007;51(5):587–94.
267. Lazar G, Kaszaki J, Abraham S, et al. Thoracic epidural anesthesia improves the gastric microcirculation during experimental gastric tube formation. Surgery. 2003;134(5):799–805.
268. Tsai JA, Lund M, Lundell L, Nilsson-Ekdahl K. One-lung ventilation during thoracoabdominal esophagectomy elicits complement activation. J Surg Res. 2009;152(2):331–7.
269. Terragni PP, Del Sorbo L, Mascia L, et al. Tidal volume lower
than 6 ml/kg enhances lung protection: role of extracorporeal
carbon dioxide removal. Anesthesiology. 2009;111(4):826–35.
270. Oda K, Akiyama S, Ito K, et al. Perioperative prostaglandin
E1 treatment for the prevention of postoperative complications
after esophagectomy: a randomized clinical trial. Surg Today.
2004;34(8):662–7.
271. Matsuzaki Y, Edagawa M, Maeda M, et al. Beneficial effect
of prostaglandin E1 on blood flow to the gastric tube after
esophagectomy. Ann Thorac Surg. 1999;67(4):908–10.
272. Hasegawa S, Imamura M, Shimada Y, et al. Prostaglandin E1
ameliorates decreased tracheal blood flow after esophagectomy
and aggressive upper mediastinal lymphadenectomy for esophageal carcinoma. J Am Coll Surg. 1996;183(4):371–6.
273. Schneemilch CE, Schilling T, Bank U. Effects of general anaesthesia on inflammation. Best Pract Res Clin Anaesthesiol.
2004;18(3):493–507.
274. De Conno E, Steurer MP, Wittlinger M, et al. Anestheticinduced improvement of the inflammatory response to one-lung
ventilation. Anesthesiology. 2009;110(6):1316–26.

